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The International Conference in Management of

|ntrOdUCti0n Accessible Underwater Cultural and Natural

Heritage Sites, “Dive in Blue Growth”, was

organized by the University of Patras in
collaboration with Region of Thessaly, Ephorate of Underwater Antiquities,
ATLANTIS Consulting and the active participation of BLUEMED partners, under the
auspices of H.E. the President of the Hellenic Republic Mr. Prokopios Pavlopoulos, in
Acropolis Museum, in Athens, from 16 to 18 October 2019.

Coastal areas and islands of the Mediterranean are tourism-based economies with key
underwater assets that are vulnerable to extreme climatic conditions. They face
common challenges: a) lack of coordinated policies, methods and tools to support
sustainable economic development, b) ineffective protection of underwater heritage and
inability to use it for sustainable tourism development, c¢) insufficient measures to
tackle impacts of extreme climatic conditions.

BLUEMED aims to protect and preserve in a unified manner the underwater natural
and cultural heritage of the Mediterranean, to help coastal and island economies prosper
through a sustainable blue model for tourism development, and to protect our
marine ecosystem. BLUEMED is part of Interreg MED 2014-20 Programme, co-
financed by the European Regional Development Fund.

The overall success of the Conference is based on the warm welcome that conference
subjects received and the high level of participation, as more than 300 people from 11
countries, from Europe, Asia and the America participated in the conference.

The three productive days of the Conference, in which 55 speakers from all over the
world participated, was a great opportunity for underwater archaeologists, public
organizations, local governments, universities, marine researchers, NGOs, tourist
organizations, diving park/dry dive managers, and underwater industry players to
exchange views on problems and solutions for underwater natural and cultural heritage.

Roberto Petriaggi, Istituto Superiore per la Conservazione ed il Restauro (ISCR)
consultant for Restoring Underwater Project, Dimitris A. Pados, Charles E. Schmidt
Eminent Chair Professor of Engineering and Computer Science in the Florida Atlantic
University and Christos Economou, Head of the Unit Sea basin strategies in DG
MARE, specialist Maritime Regional Cooperation and Maritime Security participated
as Keynote Speakers in the International Conference.

During the conference different perspectives were discussed in the 3 very interesting
conference topics:

= Management and protection of accessible Underwater Cultural Heritage
sites and diving parks



Project co-financed by the European H
miLers C‘g BRTC Regional Development Fund
/Vlediterranean o=

BLUEMED #EuropeForCulture

= [|nitiatives for sustainable Blue tourism through accessible UCH sites and
diving parks
= Technologies for offering dry dive experiences to non-drivers.

Conference participants had the opportunity to live a dry dive experience in BLUEMED
pilot sites with the Virtual Reality glasses and equipment that University of Calabria
provided.

In the following, you can find the submitted full papers that were presented during the
Conference.

For more information about “Dive in Blue Growth” Conference visit the official
website of BLUEMED (bluemed.interreg-med.eu).

We express our sincere gratitude to
Acknow|edgement all who have actively contributed

towards the success of this
International Conference and particularly the authors for their contributions. We are
indebted to all who assisted in the organizing effort.
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UNDER THE AUSPICES OF H.E. THE PRESIDENT OF THE HELLENIC REPUBLIC
MR. PROKOPIOS PAVLOPOULOS

INTERNATIONAL CONFERENCE IN MANAGEMENT OF
ACCESSIBLE UNDERWATER CULTURAL AND NATURAL HERITAGE SITES:

“DIVE IN BLUE GROWTH”

ATHENS, GREECE
16-18 October 2019
ACROPOLIS MUSEUM, AUDITORIUM

CONFERENCE AGENDA

DAY 1- 16 October 2019

09.00 -09.30 REGISTRATION OF PARTICIPANTS

09:30-10.00 OPENING AND WELCOME REMARKS
Yorgos ]. Stephanedes, Professor, Civil Engineering, BLUEMED Scientific Coordinator
at University of Patras
Kostas Agorastos, Regional Governor of Thessaly

Lina G. Mendoni, Minister of Culture and Sports

Prof. John Chrysoulakis, Secretary General for Greeks Abroad, Ministry of Foreign Affairs

Angela Gerekou, President of Board of the Greek National Tourism Organization (GNTO)

Luigi Ficacci, Director of the Istituto Superiore per la Conservazione ed il Restauro, Ministry of Cultural
Heritage and Activities (MiBAC)

10.00 -10.30 KEYNOTE SPEECH

The “Restoring Underwater Project”: how everything started
Dr. Roberto Petriaggi, Underwater Archaeologist, Consultant of the Istituto Superiore per la
Conservazione ed il Restauro for the Restoring Underwater Project
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10.30 -12.00 Management and protection of accessible Underwater Cultural Heritage

(UCH) sites and UCH diving parks
Session Chair: Yorgos J. Stephanedes

Reflections on the prospects and the institutional framework of the organization of the Accessible
Underwater Archaeological Site: starting with BLUEMED
Pari Kalamara

Touristic potential of the Supetar, Cavtat, underwater archaeological zone
Irena Radi¢ Rossi, Katarina Batur

Sustainable management and protection of accessible Underwater Cultural Heritage sites; global
practices and bottom-up initiatives
Angelos Manglis, Anastasia Fourkiotou, Dimitra Papadopoulou

Protecting marine biodiversity at accessible Underwater Cultural Heritage (UCH) sites and UCH diving
parks
Yianna Samuel, Yiannos Mylonas, Stavros Stylianou, Gregory Konnaris, Pavlos Diplaros, Georgios Fyttis

12.00-12.30 Coffee break

12.30 -14.00 Technologies for offering dry dive experiences to non-divers
Session Chair: Fabio Bruno

Diving into a sea of history. Communicating the Underwater Experience in a Museum: An Analysis of
ARQVA’s Interactive Media
Antonio Cosseddu

Raising the awareness about underwater archaeological heritage through Edutainment and
Virtual/Augmented Reality

Fabio Bruno, Marco Cozza , Maurizio Mangeruga , Dimitrios Skarlatos , Panagiotis Agrafiotis , Barbara
Davidde Petriaggi, Roberto Petriaggi, Selma Rizvic, Fotis Liarokapis

Results of the “SOMMERGIAMOCI” project in the MPA Gaiola underwater park
Maurizio Simeone, Paola Masucci, Caterina De Vivo

An innovative platform for virtual underwater experiences targeting the cultural and tourism
industries

Paraskevi Nomikou, Konstantinos Karantzalos, Andreas El Saer, George Pehlivanides, Panagiotis Tsoris,
Christos Stentoumis, Anna Dura, Giotis loannidis, Michalis Sarantinos, Varvara Antoniou, Othonas
Vlassopoulos, George Katopodis, Katerina Plessa, Ilias Kalisperakis, Konstantina Bejelou, Konstantinos
Monastiridis

Deep-Sea archaeology in the Exclusive Economic Zone (EEZ) of Cyprus
Achilleas lasonos

14.00 -15.00 Light lunch and networking
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15.00-15.30 KEYNOTE SPEECH

Financing Opportunities for Blue Growth

Christos Economou, Unit Sea basin strategies, DG MARE, Maritime Regional Cooperation and Maritime
Security

15.30-17.00 Initiatives for sustainable Blue tourism through accessible UCH sites
and diving parks
Session Chair: Barbara Davidde Petriaggi

Technological protection of an underwater archeological site; a newly discovered Roman shipwreck
from the 1st century BC, on the island of Pag
Vedran Dorusi¢, Matko Cvrljak

Theraic Sea: A bottom-up initiative for marine conservation and sustainable living
Maria Salomidi, Sylvaine Giakoumi, Vangelis Paravas, Pierre-Yves Cousteau

Towards the Creation of Accessible Underwater Archaeological and Historical Sites in Fournoi and Leros
(Eastern Aegean): an Interreg VA, Hellas - Cyprus 2014 -2020 program under Development
George Koutsouflakis

Project: blue HOMER
Marko Misi¢, Toni Mandusi¢

17.00-18.30 Management and protection of accessible UCH sites and diving parks
- Case studies
Session Chair: Angelos Manglis

The studies on the underwater cultural heritage of Istanbul from the Anatolian side to the Princes’
islands
Ahmet Bilir, Mustafa Sahin

Accessing Underwater Cultural Heritage on dry feet: some Sicilian case studies
Francesca Oliveri

Preservation, management and protection of Tangible Underwater Cultural Heritage of Anfeh (North
Lebanon)
Nadine Panayot Haroun

Community cultural infrastructure: sustainability of the underwtaer cultural heritage of Bocachica,
Cartagena
Liliana Patricia Rozo Pinzén

The in situ preservation as a priority option. Experiments in the upper Adriatic Sea
Massimo Capulli

18.30 -20.00 Networking hour
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10.00 -18.00 PARALLEL ACTIVITY

Dive in Virtual Reality!
Live a Virtual Diving experience in BLUEMED pilot sites #VR #drydive
Supported by 3D Research s.r.l.

DAY 2- 17 October 2019

09.00-09.30 REGISTRATION OF PARTICIPANTS

09.30-11.30 Management and protection of accessible Underwater Cultural Heritage
(UCH) sites and UCH diving parks
Session Chair: Pari Kalamara

How the Greek pilot sites were selected and the creation of the Knowledge Awernsess Centers (KACs) in
Greece
Angeliki G. Simosi

EGNAZIA: Enhancement and use of submerged Structures along the coast guided diving and snorkeling
tours
Gianpaolo Colucci

Change behavior and raise awareness about the Adriatic’s underwater treasures as common goods: the
UnderwaterMuse Project
Rita Auriemma, Carlo Beltrame, [vanka Kamenjarin, Danilo Leone, Ivan Suta, Maria Turchiano

MUSAS: an innovative project for the enhancement of the Underwater Cultural Heritage
Barbara Davidde Petriaggi, Michele Stefanile, Marco D’Agostino, Sandra Ricci, Carlotta Sacco Perasso

Linking WWI and Il Underwater Cultural Heritage to Sustainable Development in the Mediterranean:
An Integrated Participatory Strategic Planning Approach
Vasilike Argyropoulos, Anastasia Stratigea

Tourism experience in the Underwater Archaeological heritage site: managing emotional state to

increase archaeological diving tourism in the Sunken City of Baiae
Cristina Canoro, Francesco 1zzo, Barbara Masiello

11.30 -12.00 KEYNOTE SPEECH

Autonomous underwater localization, communication, and networking
Dr. Dimitris A. Pados, Charles E. Schmidt Eminent Chair Professor of Engineering and Computer
Science, Florida Atlantic University

12.00-12.30 Coffee break



m Project co-financed by the European
miILerl cs Sl  Regional Development Fund | 7 | TTANFEIIZTHMIO
/Vediterranean = ITATPON
B L U E M E D #EuropeForCulture
12.30 -14.30 Initiatives for sustainable Blue tourism through accessible UCH sites

and diving parks
Session Chair: Angelos Manglis

Diving and Underwater Cultural Heritage: a reasonable or a forced marriage? The Greek case
Dimitris Kourkoumelis, Alexandros Tourtas

Protection and development of the Lake Bolsena underwater heritage
Antonia Sciancalepore, Edigio Severi, Maria Letizia Arancio, Barbara Barbaro

Cartographic Documentation and Proposed Criteria towards the Protection and Preservation of Wrecks
from the Great War in the Greek Seas
Elpida Katopodi, Kimon Papadimitriou

The National Marine Park of Alonnisos Northern Sporades: an area of rich natural and cultural heritage
facing human and climatic pressures

Dimitris Poursanidis, Vasiliki Vasilopoulou

A fresh (water) case study: the time travel under water project in Lake Attersee
Cyril Dworsky

A framework for underwater cultural heritage and environmental services evaluation
Lydia Stergiopoulou

S/S Burdigala, former Schnelldampfer Kaiser Friedrich (1897-1916)
Dimitris Galon

14.30-15.30 Light lunch and networking

15.30-18.30 Management and protection of accessible Underwater Cultural Heritage
(UCH) sites and UCH diving parks
Session Chair: Elpida Hadjidaki, Yianna Samuel

Performance mandgement in Underwater Cultural Heritage (UCH) site, UCH diving parks and
Knowledge Awareness Centers (KACs)
Dimitra Chondrogianni, Yorgos J. Stephanedes, Panagiota-Georgia Saranti, Irini Kafousia

SUB: THE WRECKS in THE GREEK SEAS, 1830-1951. The Underwater Heritage of Navy’s Shareholding
Fund And Mariners’ Retirement Fund
Panagiotis Tripontikas

Management and protection of a little known underwater archaeological site: the case of the “Roman
Villa of the Dolia” in Ancient Epidaurus; past experience and future prospects
Barbara Davidde Petriaggi, Panagiota Galiatsatou, Angelos Tsompanidis

LAnfora ASD, the sustainable tourism and use of submerged archaeological sites in Apulia
Gianpaolo Colucci, Paola Palumbo
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Japanese Shipwreck and Diving Tourism in Sangihe Islands Indonesia
Sultan Kurnia Alam Bagagarsyah

The Faro Convention and the sustainable valorization of the underwater heritage. Case studies and
projects in the Adriatic and Ionian Sea

Rita Auriemma

Perspectives and obstacles for accessible underwater archaeological sites. The case of Crete
Theotokis Theodoulou

Public Access to Underwater Archaeological Sites. Enjoying and Protecting our Maritime Heritage
Carles Aguilar

"Hippocampus"” the Microscopic Mythical Dragon of the Sea
Vasilis Mentogiannis

10.00 -18.00 PARALLEL ACTIVITY

Dive in Virtual Reality!
Live a Virtual Diving experience in BLUEMED pilot sites #VR #drydive
Supported by 3D Research s.r.l.

DAY 3- 18 October 2019

09.00-09.30 REGISTRATION OF PARTICIPANTS

09.30-11.30 Technologies for offering dry dive experiences to non-divers
Session Chair: Fabio Bruno

A lIow cost equipment and SFM software photogrammetric survey of two shipwrecks in the sea area of
Methoni, Southwestern Greece
George Michailidis

Operating contemporary recreational submersibles in Kea’s Underwater Historic Park
Toannis Tzavelakos

Reconstructing a submerged villa maritima: the case of the villa dei Pisoni in Baia
Barbara Davidde Petriaggi, Michele Stefanile, Roberto Petriaggi, Fabio Bruno, Raffaele Peluso, Marco Cozza

Opto-acoustic 3D Reconstruction for Virtual Diving on the Peristera Classical Shipwreck
Fabio Bruno, Antonio Lagudi, Matteo Collina, Salvatore Medaglia, Pari Kalamara, Dimitris Kourkoumelis,
Nikola Miskovic, Dula Nad, Nadir Kapetanovic, Mato Markovic

Remotely operated group of vehicles for underwater scientific exploration and intervention
Lorenz E. Baumer, Yanis Bitsakis, Mathias Buttet, Eftstratios Charchalakis, Alessia Mistretta, Alexandros
Sotiriou
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Monitoring and protection of accessible underwater cultural heritage
Siarita Kouka, Paraskevi Nomikou, Konstantinos Karantzalos, Aikaterini Tagonidou

11.30 -13.30 Initiatives for sustainable Blue tourism through accessible UCH sites
and diving parks
Session Chair: Yianna Samuel

In situ conservation of cannons in marine environment: cathodic protection, cleaning treatment and
coverage with geotextiles
Flavia Puoti, Barbara DaviddePetriaggi, Marco Ciabattoni, Claudio Di Franco

Underwater Archaeological Sites as a touristic and educational resource. The Isla Grosa Project
Carlota Pérez-Reverte Maiias, Felipe Cerezo-Andreo

Western Black Sea underwater cultural tourist routes
Preslav Peev

New institutions for diving tourism: Diving Parks, Archaeological Diving Parks, Modern Shipwrecks &
Implementation opportunities and problems in Greece
Thanassis Stathis, Dimitris Markatos, Kostas Koutsis

Creation of a virtual museum and a diving park east of the island of Lemnos on the site of the wreck of
the Svyatoslav ship
Sergey Fazlullin, [van Gorlov, Yury Tkachenko, Sergey Khokhlov, Michael Bardashov, Rolan Sadekov

Integrated management plan for the preservation and promotion of cultural and natural environment
at Pavlopetri (Elafonissos, Greece)
Despina Koutsoumba, Stamatis Zogaris, loannis Kapakos, Maria Salomidji, Stergiopoulou Lydia

13.30-14.00 CONCLUSIONS
Moderator: Dimitra Chondrogianni

Fabio Bruno, Barbara Davidde Petriaggi, Pari Kalamara, Angelos Manglis, Yianna Samuel,
Yorgos J. Stephanedes
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International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Reflections on the perspectives and the institutional framework of the
organization of the Accessible Underwater Archaeological Site: starting
with BLUEMED

Dr. Pari Kalamaral

! Director of the Ephorate of Underwater Antiquities, Archaeologist with Grade A’, Greek Ministry of
Culture

Abstract: BLUEMED has given to our Service the opportunity to identify gaps and needs for
the proper operation of the Underwater Archaeological Sites -and | refer here to sites that can
be accessible to visitors using SCUBA- and to mature its choices towards this direction. So,
this urged the planning to address issues related with monitoring of the sites, the creation of
a framework of principles concerning their operation, the identification of the potentialities
and weaknesses of such an operational planning, which will shape future impact on a
plethora of sectors (protection of cultural heritage, issues of accessibility, socio-economic
area development, development of alternative forms of tourism, etc.).

At the same time, it helped to advance the strategic planning for the coastal, already
accessible, underwater archaeological sites, although the latter do not fall under the scope of
the program.

More specifically, the related options, the procedures developed for their implementation in
practice, any changes required in the existing legal framework and the expected results will
be described.

Keywords: Accessible Underwater Archaeological Sites, Institutional framework, strategic
planning

In 2016 the Ephorate of Underwater Antiquities (EUA) undertook the European project with the
acronym BLUEMED as one of the fourteen partners from five countries, Greece, Italy, Spain, Croatia
and Cyprus, and lead partner the Region of Thessaly. The project will be completed by January 2020.
BLUEMED aimed to protect and exploit the underwater natural wealth and biodiversity of the
Mediterranean, and study, for the first time on a global level, the best practices for the protection and
promotion of the underwater cultural heritage and particularly regarding the operation of Accessible
Underwater Archaeological Sites (AUAS, or “underwater museums”) at ancient shipwrecks. For the
Ephorate, its participation in the project has been a unique opportunity to focus on a desired issue for
many years, the opening of the underwater cultural heritage to the general public and especially to the
diving community, to identify and document the challenges and needs associated with the endeavor, to
face the difficulties that arise from it, to seek feasible solutions, to make synergies. Today, that we are
standing towards the end of the course, 1 am allowed to say that the overall experience has been
particularly positive, thanks to the excellent cooperation developed between the partners, beneficial
also for the Ephorate in various ways. More specifically, the project provided to the Ephorate a
interdisciplinary framework of continuous exchange of experiences with the other partners, giving a
the boost to focus on the issue «organization and operation of the Accessible Underwater
Archaeological Sites», to understand the individual issues involved, to know the practices already
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implemented and to design in detail the actions that should complement the opening of the sites for the
public. At the same time, it gave rise to the involvement and activation of a large part of the Ephorate's
human resources towards this direction, the awareness of the role of different specialties in this
endeavor and the cultivation of a sense of teamwork within the service. The common objective was the
preparation for the successful operation of the declared from the Hellenic Ministry of Culture and
Sports in 2015 as Accessible Underwater Archaeological Sites in the area of Northern Sporades —
West Pagasetic (1), as well as the organization of the Knowledge Awareness Centers related to them.
The opening of the Accessible Underwater Archaeological Sites to a wide audience falls into the field
of recreational diving.

Of course, according to the Law 3028/2002 "On the Protection of Antiquities and Cultural Heritage in
general" (Law 3028/2002, article 15) (2) and for the better protection of underwater cultural goods,
diving activity with breathing apparatus is explicitly prohibited «unless a permit has been granted by
the Minister of Culture which is issued after the Council’s opinion» within the declared, demarcated
archaeological sites, but also within the protection zones of declared underwater monuments or sites
(3). It should be noted that in 2003 (4) all shipwrecks, both ships and aircraft, which sank before the
last fifty years, have been characterized as monuments within a protection zone of 300m. around them
and are now protected under the provisions of Law 3028.

The Law 3409/2005 on "Recreational diving and other regulations™ (Law 3409/2005, article 11, par.
1) (5) however, provided for the first time in Greece the possibility of establishing "underwater
museums", at which the visit is carried out under conditions: «... declared archacological sites can be
characterized as underwater museums, where guided diving is permitted, always accompanied by
diving guards of antiquities or archaeologists.». It is the same law that changes the general view of the
Hellenic state in dealing with «recreational diving» (6), which altogether until then was prohibited
throughout our territorial waters and has since been allowed everywhere off the limits of
archaeological sites and protected ecological areas.

To make it clearer, in 2005 the possibility is given to organize diving parks within archaeological sites
and at the same time to operate «underwater museums», under the conditions that were mentioned
above, two provisions that create the proper conditions for the development of diving tourism in the
country.

During the period 2012 - 2015, with the Joint Ministerial Decisions of the Ministers of Culture and
Merchant Shipping some areas of already declared archaeological sites are characterized as Accessible
Underwater Archaeological Sites, for which there is the intention on behalf of the state to open them
for the diving public.

Fig.1: Shipwreck in Sapientza, Methoni. Fig.2: Shipwreck in Sapientza, Methoni.
Shipwreck of columns, ©MCS-EUA, Shipwreck of sarcophaghi, ©MCS-EUA,
photo by Panagiotis Gkionis photo by Panagiotis Gkionis
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Fig. 3: Amphorae from the area Lavrio — Fig. 4: Amphorae from the area Lavrio —
Makronissos (2015), © MCS-EUA, Makronissos (2015), © MCS-EUA,
photo by Vassilis Mentogiannis photo by Petros Vezyrtzis

Fig. 5: Shipwreck of Peristera, Alonissos, ©MCS-EUA, photo by Matteo Collina, Univerita della Calabria
-DIMEG

They are actually sites of ancient shipwrecks, located in three regions of the country, constituting
groups per region that subsequently require a united management, at the areas of Methoni-Pylos
Messinia (7), Lavrio-Kea Attica and Cyclades (8) and West Pagasetic — Northern Sporades.(9)
Moreover, the total of the accessible cores of the area of West Pagasetic — Northern Sporades has
recently been strengthened by the Joint Ministerial Decision of 2019 (10), with four new shipwrecks at
the area of Alonissos, rendering the tourist-developmental perspective of the Accessible Underwater
Archaeological Sites at the area more dynamic.

Fig. 6: Shipwreck of Peristera, Alonissos, Fig. 7: Shipwreck of Glaros, West Pagasetic,
©MCS-EUA, photo by Matteo Collina, ©MCS-EUA, photo by Matteo Collina,
Univerita della Calabria -DIMEG Univerita della Calabria — DIMEG
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Fig. 8: Shipwreck of Kikinthos, West Pagasetic, Fig. 9: Shipwreck of Telegrafos, West
©MCS-EUA, photo by Matteo Collina, Pagasetic, ©MCS-EUA, photo by Matteo
Univerita della Calabria-DIMEG Collina, Univerita della Calabria—-DIMEG

However, until today, despite the aforementioned legislative and administrative arrangements, the
pressing demands of the diving community and the in principle positive disposition of the involved
public authorities on this endeavor, no Accessible Underwater Archaeological Site has been
operational nor has opened for the public (11).

The Sites of West Pagasetic — Northern Sporades have been at the centre of our interest in the
framework of BLUEMED (12), as pilot sites.

Each of these sites has its own characteristics, which are not simply limited to the different
history of each shipwreck —the shipwreck of Peristera Alonissos goes back to the last quarter of the
5th century B.C. and is linked with one of the largest known until today ships of the period; the rest
are shipwrecks of the Late Roman period (at Telegrafos) and the Byzantine period (at Kikinthos and
Glaros)-but also at the level of their preservation and the image that they present today at the
seabed —for example at Glaros many dispersed traces of more shipwrecks are preserved, at Kikinthos
the jars and amphorae are shattered, while at Telegrafos, little authentic archaeological material
remains at the seabed)— regarding the kind of the archaeological research (excavation or survey)
which has been conducted on each site —Peristera (13) and Telegrafos (14) have been
systematically excavated by EUA and the Hellenic Institution of Marine Archaeology (HIMA) under
the direction of the archaeologists Elpida Chatzidaki and Elias Spondylis respectively, while an
underwater survey has been conducted at the positions of the Pagasetic (15) also by HIMA and again
under the direction of Elias Spondylis— at the environmental characteristics of the site etc. —
Peristera is located within the National Marine Park of Alonissos and Northern Sporades while the
vegetation at Glaros is hypertrophic during some periods of the year, thus sometimes it covers the
antiquities.

These particular characteristics of the four sites, which inevitably lead to different choices in terms of
both the narration that will be formed for the visitor and the management of the sites, were partly
known thanks to the archaeological researches of the Ephorate and the Hellenic Institute of Marine
Archaeology which had been realized, and to the related publications, but were fully understood by the
personnel the EUA involved in the project (16) during the on-site, underwater missions organized in
the framework of the Project (October 2018, March-April 2019, July 2019, October 2019, November
2019 and December 2019). In the context of these missions, the active manpower of the Ephorate,
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which undertook the responsibility for the implementation of the Project, had the opportunity to get an
immediate view of the sites that had to organize as accessible, to protect and promote in various ways,
answering to a number of questions.

One first question that was raised was what kind of infrastructure is required; and if they are required.
The design up until today, based on the experience of BLUEMED and the preparation of a relevant
Application Form of the project for the funding of the project «Organization of the Accessible
Underwater Archaeological Sites in Alonnissos - Western Pagasitic» by the current National Strategic
Reference Framework — Thessaly Regional Operational Program, submitted by the EUA in October
2018, that was recently approved, has helped to identify the minimum necessary infrastructures.

Apart from the marine area, the infrastructures of an Accessible Underwater Archaeological Site may
also concern the dock from which the vessels travelling to and from the Accessible Underwater
Archaeological Sites will start and return, i.e. the points of departure and arrival. Besides, BLUEMED
plans to deploy the Knowledge Awareness Centres (KACs) to a close location at the point of departure
and arrival (17), in order to provide information to diving visitors but also to render the underwater
cultural heritage accessible and understandable even to non-divers (18). But in the context of this
presentation we will focus on the infrastructures at the marines area where diving will be carried out,
infrastructures which concern both the safety of the monument and the functionality and quality of the
visit.

Fig. 10: Knowledge Awareness Centre in Alonissos, photo by Angelos Manglis

Its safe operation requires, in principle, the placement of mooring buoys for the approach of vessels at
the site, for both visitors and audit authorities, and in particular two mooring buoys per site are
favored. The necessary beacons for the marking of the boundaries of the site can also be placed on the
mooring buoys.

Concerning the visitors, whose course at the seabed or the «movement path» will have been
determined from the beginning, and for the quality of the visit, the marking of the points of
archaeological or environmental interest at the seabed is considered necessary with the placement of a
limited number of informative signs, that could also serve as compasses for divers —the information
will be elementary and possibly confined to the object's identity. For similar purposes —safety and
quality of visit— the placement of other elements may be favored, such as a rope to ascend — descend, a
rope to mark the route, etc., which will per site become object of a specific study for the conversion of
the sites to accessible ones, that is being prepared by the EUA and will be officially approved by the
Ministry of Culture and Sports.
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Fig. 11: Peristera shipwreck, ©MCS-EUA, Fig. 12: Public visiting of Peristera shipwreck,
orthophotomosaic by Univerita della Calabria—DIMEG, 6 & 7 April 2019, ©MCS-EUA, photo by
design of the visiting route by Aikaterini Tagonidou Yiannis Issaris

Underwater infrastructures are also required for the safety of the monument. A placement of cameras
is already being tested for the "Development of a System of an Underwater Visual Surveillance of
Accessible Underwater Archaeological Sites — Underwater Museums™, which will enable remote
monitoring of sites with a view of the seabed, both during visits and when the sites will be closed. The
system is intended to be connected to and give an alarm signal to the Centre of Reception and
Processing Alarm Signals of the Ministry and local port authorities.

Visual Coverage Test 5 Cams 170Degrees HD 30 Fps
Hub

Cam2

Cam1

NTUA /UFR-Team 14-10-2019
G. Papalambrou/V. Mentogiannis

Fig. 13: Peristera shipwreck, ©MCS-EUA, orthophotomosaic with the points of cameras’ placement by
NTUA/UFR Team, photo by George Papalambrou — Vassilis Mentogiannis

At the seabed of Kikinthos and Peristera monitoring sensors for environmental parameters,
temperature and visibility of the marine environment of the monuments, are also placed in the
framework of BLUEMED by the Oceanography Centre - University of Cyprus. The data, that will be
collected by the EUA, will provide the basis for long-term monitoring of the sites and for the diagnosis
of any environmental changes that the opening to the public may bring.

The intention is for the infrastructure facilities to be kept to the minimum and to be placed in such a
way that any damage of the monument or any obstacle for the movement of visitors or the navigation
to be avoided. The aforementioned infrastructures are greatly affected by the evolution of technology.

Nevertheless, the safety of these sites is also based on their systematic monitoring of both the state of
the monuments and their natural environment, which of course requires the establishment of relevant
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monitoring indicators and the provision of comparative baseline material - the latter must reflect the
situation before their opening to the public and was collected in the framework of BLUEMED, during
which monitoring indicators were also discussed.

In particular, one of the first actions in the context of the project, in October 2018, was the three-
dimensional modelling of the four pilot sites, by our Italian and Croatian partners from the
Universities of Calabria and Zagreb respectively, with the aim to operate in two directions.
Immediately, for the creation of an interactive digital immersion application, already installed at the
Knowledge Awareness Centres at Chora, in Alonissos and in Amaliapolis as well as the other pilot
sites in ltaly and Croatia, providing access to shipwrecks and to non-divers. In the long term, to
provide a reliable basis for monitoring any changes of the site, so that timely intervention for their
protection and documented decision-making can be achieved.

' | . -
Fig. 14: Member of the University of Calabria—-DIMEG’s team photographs Peristera shipwreck in order
to create the 3D photomosaic of the shipwreck, ©MCS-EUA, photo by Matteo Collina, Universita della

Calabria—DIMEG

In addition, based on the three-dimensional modelling of the Peristera shipwreck, the conservators of
the EUA realized a mapping design of the amphorae Peristera shipwreck and marked them in three
categories based on their state of preservation, using colour: those that are concreted and therefore
immovable, those that are semi-concreted and those that are free, introducing a new methodology that

Fig. 15: The separation of the amphorae of Peristera shipwreck into six sections, ©MCS-EUA,
orthotophotomosaic by Universita della Calabria—DIMEG, drawing by Helen Margaret Bardas, Angelos
Tsompanidis
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Fig. 16: Mapping design of the amphorae of Peristera shipwreck and their state of preservation, OMCS- EUA,
drawing by Helen Margaret Bardas, Angelos Tsompanidis

will allow the location of the weakest points against natural phenomena or illegal actions but also the
creation of a reliable mapping which will further facilitate the monitoring of the site —of course this
method is not applicable to all environments and it depends on the intrinsic characteristics of each site.

At the same time, the use of underwater tablets, with 3D photography and geo-referencing capabilities,
purchased in the framework of the project, allows the easy direct comparison of the data obtained each
time with the original 3D digital background, and will also contribute to the proper supervision of the
site.

The Oceanography Centre - University of Cyprus, carried out at the beginning of the project, prior to
any diving activities, the collection of biological data for the creation of a database to ensure also the
possibility of monitoring changes, in the natural environment of monuments,.

Besides the above, the functioning of the Greek Accessible Underwater Archaeological Sites
presupposes the decision-making and its reflection on legislative improvements and / or administrative
acts that will shape the institutional framework for the operation of the Accessible Underwater
Archaeological Sites as far as general principles and specific aspects of the operation of each site are
concerned (i.e. duration and opening hours of each site, permitted number of visitors and escorts per
visit, method of training and licensing of the involved diving centers and their personnel etc.).

First of all, it is necessary to amend the Law 3409/2005 as to who accompanies the diver-visitors. It is
now clear, that this point has been disfunctional and that the Ministry of Culture and Sports shall and
can take over the safety of the accessible underwater sites, but the escort and safety of the visitor goes
beyond its jurisdictions and capabilities, and can be undertaken by the Diving Centres, under the
supervision of the Ephorate of Underwater Antiquities.». The initial concept of the abovementioned
Law of «accompanied diving» always remains, of course.

The specific settings, such as opening hours, number of visitors per visit, etc., can be specified by an
operation mode for each site or group of sites depending from the same point of departure — arrival.
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The basic general operating principles of the Accessible Underwater Archaeological Sites, however,
which refer to issues such as the placement of mooring buoys, beacons, underwater safety systems and
other elements that may affect navigation require the issuing of a Joint Ministerial Decision. The
setting of a visit fee in favor of the Archaeological Resources Fund or of a system of issuing group e-
tickets, the way of training and licensing professional divers, who could be engaged in the Accessible
Underwater Archaeological Sites, as well as the process of withdrawing their license demand also
arrangements.

In any case, for the proper functioning of the Accessible Underwater Archaeological Sites, it is though
necessary to have on-site, at each point of departure — arrival, from which more that one site is
controlled, a group of diving personnel of the EUA, which will have the responsibility for monitoring,
protecting and generally taking care of the underwater sites. The conduct of systematic or emergency
underwater surveys at the sites will be at the jurisdiction of this team and the EUA in general, based on
an operation mode for each site. Also, cleanliness, maintenance and care for the proper operation of
the sites.

In addition, the experience from BLUEMED has made it clear that supporting functions of the
endeavor, such as knowledge Awareness Centers or the promotion of the Accessible Underwater
Archaeological Sites as tourist destinations, can be undertaken by local authorities through the
Municipalities and / or the Region. Summing up, diving centers, local and regional institutions and
central government are invited to work together for the exploitation of the challenge posed by the
development of cultural diving tourism, an environmentally friendly, sustainable form of tourism with
expected positive consequences on local economies.

Even more, we believe that the opening of the sites will contribute to raising awareness and to the
better protection of the underwater monuments in the end.

So, in closing, it is worth mentioning that until today the concept of the accessible underwater cultural
heritage has been almost exclusively associated with the visit of shipwrecks by divers. There is,
however, also a huge cultural stock of coastal underwater antiquities, which is already freely
accessible to swimmers or snorkellers and whose conceptual accessibility we must primarily improve
as Ministry, for the benefit of their protection. Furthermore, individual monuments linked with modern
and recent Greek and European history could also become interesting visiting points.

In any case it must be said that the Accessible Underwater Archaeological Sites of Alonissos and West
Pagasetic will become the guide for other corresponding projects in the future (19).
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(16) General co-ordinator: Dr Pari Kalamara, archaeologist, Director of the EUA; scientific field co-ordinators:
the diver archaeologists Dr Dimitris Kourkoumelis (Head of the EUA’s office in Northern Greece) and Dr
Theotokis Theodoulou (Head of the EUA’s office in Crete); diver archaeologists: Despoina Koutsoumpa,
Eugenia Loizou; diver architects: Ekaterini Tagonidou, Elianna Kolyva; diver conservators: Chryssa Fouseki
(Head of the EUA’s Conservation Department), Angelos Tsompanidis, Irini Malliou, Aggeliki Bei, Helen
Margaret Bardas; diver technicians: Spiros Moureas, Themis Troupakis, Kostas Kipriotis; archaeologist —
museologist: Elia Vlachou; administrative support: Aris Michail, Sotiria Sideri, Chryssoula Pleura, Anastasia
Mitsopoulou, Paraskevi Margariti.

(17) For the points of departure-arrival the concession of a space is required from the port authorities, which
will generally control the anchorage points of vessels at the area. Building facilities are required for the KACs
where the EUA can also place a control room.

(18) This increases the number of the public that will become more aware and engaged in the long-term with the
protection of the underwater cultural heritage, while in the framework of the development of diving tourism in
the area, KACs can also serve as poles of interest for the escorts of diving visitors.

(19) From this position | would like to thank particularly the Region of Thessaly, the project’s coordinator, and
namely the Regional Governor, Mr. Agorastos. Besides special thanks go to the Minister of Culture and Sports,
Mrs. Mendoni, who honoured the entire effort with her presence at the International Conference “Dive in Blue
Growth” as well as to the political leadership of the Ministry in general for their overtime support on this
endeavor.

Page 14



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Touristic potential of the Supetar (Cavtat) underwater archaeological zone

Irena Radi¢ Rossi !, Katarina Batur?
! University of Zadar, Zadar, Croatia

Two decades ago, information about some well-preserved ancient shipwrecks near the islet of Supetar
in front of Cavtat reached the responsible institutions. The first site consisted of a group of large
ceramic dolia (containers for storing liquid or solid provisions) from the 1st cent. BC or the 1st cent.
AD, while the second contained several hundred cylindrical North African amphorae from the 3rd/4th
cent. AD, exposed on the seabed.

The extraordinary state of preservation of both sites impressed the scientists. The finds were left in
situ, with physical protection (iron cage) placed over the amphorae. The initial idea of the
establishment of the underwater archeological park up to recently had no success. It was refreshed in
the framework of the BlueMed Project, resulting in some attractive initiatives toward public
presentation.

Protective cage placed over the amphorae does not allow the direct contact with finds, and the
penetration into the cage should not be practiced due to the safety reasons. In such case, virtual
presentation of the site is a valuable solution to the problem, as the visitors can capture details which
are otherwise not available.

The site with the dolia cargo is of special interest due to their large dimensions, leaving every visitor
amazed. Historical information about dolia includes curiosities, mythological stories and anecdotes,
which can be used for the presentation purposes. The site is easy to reach, and the finds on the seabed
offer unique experience during visits. Considering the main features of the site, where the remains of
the wooden ship hull were recently discovered, the future turistic promotion could rely on the active
participation of divers in the whole process of the archaeological fieldwork research.

Keywords: in situ protection, amphorae, dolia, underwater presentation, citizen science
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Sustainable management and protection of Accessible Underwater Cultural
Heritage sites; global practices and bottom-up initiatives
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Abstract: This paper aims to present the better practices for the protection and sustainable
management of Underwater Cultural Heritage (UCH) worldwide as well as relevant bottom-
up initiatives. The development of accessible UCH sites and diving tourism further indicate
the sustainable character and the positive effects of such models for local economies,
including both economic benefits and social opportunities. It also supports that the
responsible physical access to sites through dive trails or virtual visits fosters public
awareness and consequently the protection of underwater cultural heritage. Knowledge
Awareness Centers and innovative technologies enhance the participation of locals and
tourists and promote their engagement in the protection of sites. The Med area is an ideal
environment encouraging some pioneering initiatives in this direction.

Keywords: Underwater Cultural Heritage, value, protection, accessibility, local benefits,
sustainability, Dry Dive, inclusion

1. VALUE AND PROTECTION OF UNDERWATER CULTURAL HERITAGE

For most people Underwater Cultural Heritage is synonymous to ancient shipwrecks, however, the
concept includes also a variety of submerged sites and prehistoric landscapes. According to the
UNESCO 2001 Convention on the Protection of the Underwater Cultural Heritage (UNESCO 2001,
Article 7, §1), “Underwater Cultural Heritage encompasses all traces of human existence of a cultural
or historical character that lie under water or have now been recovered for at least 100 years”. This
cultural wealth is estimated around three million ancient shipwrecks worldwide (UNESCO 2013) and
it grows radically when modern wrecks of ships or aircrafts are also included. In Greek seas only, the
estimations on the number of wrecks of vessels and aircrafts of the World War Il report around one
thousand in number (Papadimitriou 2018). In fact, on the centennial of WWI awareness is being raised
on their historic and cultural value as memorial sites as well (UNESCO 2014) and the need for their
protection. Aside the impressive numbers, what is primarily important is the multidimensional value
of UCH for humanity. In particular, when accessible and communicated to the public, UCH can foster
peoples’ interaction with their historic background and marine environment. Several cases of
accessible underwater cultural sites and maritime museums highlight such a benefit from a cultural,
educational and sustainable socioeconomic development standpoint (Tikkanen 2011).

Recognizing the value of UCH, we need to assess all possible threats with a view to its safeguarding
for the next generations. Apart from the apparent risks due to the marine environment, several human
activities such as trawling, anchorage or looting also cause serious damage to the UCH (UNESCO
“Threats to Underwater Cultural Heritage™). In order to protect the sites effectively, strict legislation
and delimitation has proven ineffective in practice, considering the recent technological developments
in marine research even in deep waters. Instead, what calls is for public awareness and active
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engagement of stakeholders, supported by systematic mapping, research and study of sites, as well as
the implementation of integrated actions for the protection and promotion of underwater cultural and
natural heritage.

Granted that there is no such thing as a best solution, the different environmental and cultural context
of each site should be taken into consideration. Under this understanding, UNESCO has suggested that
the preservation of UCH in situ should be considered as the first option, while it encourages the
responsible non-intrusive access to sites to observe or document in situ, in order to create public
awareness, appreciation, and protection of cultural heritage (UNESCO 2001, Article 2, §10).
Furthermore, it has encouraged the adoption of “practicable measures to raise public awareness
regarding the value and significance of underwater cultural heritage and the importance of protecting
it” (UNESCO 2001, Article 10). In this direction, different models have been developed around the
world over the past years.

2. ACCESSIBILITY & MANAGEMENT

There are different approaches of management of UCH with both advantages and challenges in terms
of protection and accessibility. A method mostly adopted over the past decades due to difficulty of
accessibility or for preservation reasons has been the exhibition of shipwreck finds in land-based
maritime museums. There are several examples in Europe and worldwide, where artifacts or whole
wrecks have been recovered (UNESCO “Underwater Archaeology Museums”). There is even the model
of museums in the form of restored ships that allow visitors to get to know to the structure of different
types of ships in various time eras. Among the most known examples of land-based museums are the
ARQUA National Museum of Underwater Archaeology in Spain, the Mary Rose Museum in the UK,
the Bodrum Museum of Underwater Archaeology in Turkey, and the Roskilde Viking Ship Museum
in Denmark®. The most popular Vasa Museum in Sweden with one million visitors per year (“About
the Vasa Museum” 2019) has become a point of reference in this paradigm. The advantage of on-land
museums is that since they are easily accessible they raise broad public awareness on cultural heritage.
Equally impressive are the so-called underwater museums in aquarium settings, with most
characteristic examples being the Baiheliang Underwater Museum and the Guangdong Maritime Silk
Road Museum in China (UNESCO “Underwater Archaeology Museums”). Despite their costly
construction - the Baiheliang museum cost 28 million US Dollars -, both models have maintained the
original marine and cultural context in a spectacular aquarium setting and provided in situ access to
the non-diving visitors.

Easier access to submerged sites due to technological development has led to accessible Underwater
Archaeological Sites, a model that best meets the UNESCO Convention 2001 suggestion for
preservation in situ and raising of public awareness. Their optimum advantage is that they offer an in
situ experience for both divers and non-divers. More specifically, there is the possibility for dive trails
for SCUBA divers as well as snorkeling or tours with submersibles for the non-diving visitors in cases
of low depth sites, like the ROV trips for tourists in Orkney, UK, Dalaré Sweden or in Vermont USA.
There are several names used for this model: underwater parks, underwater archaeological trails,
preserves, sanctuaries or underwater museums as well as plentiful examples (UNESCO “In situ

! For more information visit the museums websites: www.culturaydeporte.gob.es/mnarqua/en/museo/visitan,
https://maryrose.org/, https://www.vasamuseet.se/en, http://www.bodrum-museum.com/,
https://www.vikingeskibsmuseet.dk/en/

Page 17


http://www.culturaydeporte.gob.es/mnarqua/en/museo/visitan
https://maryrose.org/
https://www.vasamuseet.se/en
http://www.bodrum-museum.com/
https://www.vikingeskibsmuseet.dk/en/

International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

access”); the Underwater Archaeological Park of Caesarea in Israel, the Croatian Underwater
Museums, the Victorian Underwater Shipwreck Discovery Trail in Australia.

In situ accessibility should primarily safeguard the underwater natural and cultural heritage. In this
purpose, the use of a protective covering in the Bou Ferrer wreck (UNESCO “Diver access”) or of a
metal cage in the case of Croatia (Zmai¢ 2009) is under dispute in terms of cultural and environmental
sustainability of the sites. What is usually applied is the establishment of official dive trails to secure
the divers safely approaching at the wrecks. There is usually an underwater rope path combined with
information labels or waterproof booklets that guide the divers around the site. This is the case for
example at the Park Kronprins Gustav Adolf in Helsinki, Finland and the Norman’s Bay wreck diver
trail in East Sussex, UK, while at the Lossen Trail in Norway there are signs on stone slabs laying on
the seafloor in order not to affect the surroundings. It is worth noting that at Park Kronprins Gustav
Adolf, the first established in the Baltic Sea, entry is free for individual divers who do not require
permission to dive or take photos. In the USA, the Florida Underwater Archaeological Preserves and
the Thunder Bay National Marine Sanctuary are also examples of open access sites, where the local
community is engaged in the monitoring of the sites (Delgado et al. 2015). At the Underwater
Archaeological Park of Baiae in Italy, the local diving clubs are authorized to guide visitors along the
marked itinerary. Among the UNESCO best practices of fostering accessibility to UCH are the
examples of Andalusia, where site visit is encouraged to include both diving clubs and private
individuals, the guided tours under the supervision of underwater archaeologists at the Bou Ferrer,
which is the only accessible ancient shipwreck in Spain, as well as the public visits during the
conduction of an underwater archaeological excavation to the well-preserved shipwreck of Deltebre |
in Catalonia, Spain (UNESCO “Best Practices”).

3. PUBLIC AWARENESS & INNOVATION TECHNOLOGY

There is currently a great interest and a broad public appeal on issues concerning the underwater
natural and cultural environment. In an effort to stimulate awareness among stakeholders on the
sustainable development of the Ocean, the United Nations have declared the upcoming decade (2021-
2030) as the Decade of Ocean Science for Sustainable Development (“Ocean Decade™). This is the
perfect timing to include the underwater cultural heritage in the broader discussion of the protection
and sustainable management of the underwater environment, in terms of its social aspects. The great
response of the public towards UCH issues is obvious by the increase in numbers of visitors in
underwater museums (e.g. the Vasa Museum) and accessible underwater cultural sites (e.g. the
Underwater Archaeological Park of Baia). Moreover, it reflects on the positive reaction to initiatives
such as the Big Anchor Project (“Big Anchor Project”) or the several citizen science projects. In the
context of this dynamic, the engagement of the public in the protection strategies of UCH is not a step
very far away.

Page 18



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Fig.1 Innovative technologies applied for the promotion of UCH in the BLUEMED project.

Regardless of whether access is open or controlled, public accessibility to UCH is a crucial parameter
in terms of protection and sustainability of the sites, given that it enhances broad awareness on the
value of UCH (UNESCO 2013). According to the Cultural Heritage Diagram, when people understand
the value of their cultural heritage they are more likely to participate actively in safeguarding it and as
a result develop an ongoing interest for its protection (Thurley 2005). What calls is for the integration
of responsible accessibility practices, in order to attract both the diving community and non-divers.
For this purpose, innovative technologies are being more and more integrated into promoting UCH to
the general public, including wet and dry dive techniques. As a result, 3D reconstructions of
submerged cultural remains and the surrounding marine environment can advance the diving
experience and offer a virtual reality experience of real time diving from a distance. This is now
possible due to recent technological developments that have allowed high-resolution research and
mapping even in deep waters (Sakellariou 2011). Such examples are the Blake Ridge Shipwreck off
the North Carolina coast or the 2.400 year old shipwreck recently found in the Black Sea, both in more
than 2.000 meters depth.

Virtual museums have been the focus of interest lately as an effective way to stimulate interest on
UCH (UNESCO “Virtual Museums”). In the North and Baltic Sea, the Nordic Blue Parks project has
designed underwater trails combining natural and cultural heritage sites, while the Vrouw Maria
Underwater Project created an interactive, real-time virtual reality simulation of a shipwreck
(Tikkanen 2011). The Virtual Archaeology Museum launched by BOEM is featuring 3-D models,
video footage and mosaic maps of wrecks in the Gulf of Mexico “Virtual Archaeology Museum”. The
Pearl Harbor Virtual Reality Center provides virtual reality tours of the USS Arizona Memorial in
Hawaii and has contributed to the Memorial becoming a destination for 1.7 million international
tourists in 2018 (‘“Pearl Harbor National Memorial Park™). In the UK, Historic England has supported
virtual tour visits of several wrecks, such as the Coronation wreck in Plymouth and the HMS Colossus
Dive Trail (“Visit a protected wreck site”). This initiative has actually increased the number of visitors
to the sites indicating the growing interest on the display of modern wrecks and the contribution of
technology in this direction. Virtual dive trails not only facilitate accessibility but also stimulate
awareness on the protection of UCH as they serve teaching purposes for schools or universities, thus
offer immediate access to disabled visitors in case they cannot dive (Cant 2018), which is an aspect of
great social validity. Most importantly, advanced applications contribute to the underwater cultural
heritage becoming a part of people’s lives so that sites are more effectively protected and maintained.
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4. SUSTAINABILITY & GROWTH

Actually, the participation of the public, including divers and non-divers, locals and visitors, as well as the
various type of stakeholders involved, comprise strong allies not only in long-term sustainability of UCH sites
but also in the economic prosperity of a region. Indeed, according to the 2013 United Nations Resolution on
Culture and Sustainable Development (United Nations 2014), culture is a key factor of sustainable
socioeconomic development on a national, regional and local level. It is a current growing belief that cultural
heritage can contribute significantly to the overall socioeconomic development of society and along with
environmental sustainability and social and economic development, these are considered as indicators of
sustainable growth. Growth refers to economic benefits as well, granted that the integration of cultural heritage
to society offers an added economic value. The investment on the promotion of underwater cultural heritage can
increase the number of people visiting the sites and as a result generate financial flows for the local community.
The first thing that comes to mind is that tickets generate revenue for the maintenance and operation of the sites.
However, the greatest added value of a UCH site is the economic activity that is developing throughout the
whole region and eventually offers a high beneficial return directly to the local community.

Taking advantage of the emerging trend of alternate forms of tourism (Dwyer et al. 2008) and the
development of diving tourism globally (PADI statistics), the attraction of divers to UCH sites can
increase the economic activity in coastal or island areas, that normally depend on short touristic
periods. It is worth noting that divers visiting submerged sites spend longer time in a region than
tourists visiting land museums (UNESCO 2018). In addition, when they travel from distant countries
visiting two or three countries for at least a week each, significant indirect revenues usually are
generated, such as on food or accommodation. Consequently, the divers’ profile of a high spender at
off-season weekly destinations fits the parameters of sustainable growth for areas with underwater
cultural wealth. Therefore, the UCH exploitation can contribute significantly to local economic
growth, including profits for businesses and increase of income for local coastal and island economies,
such as new employment opportunities in the tourism sector. This is the case for example at the Vasa
Museum in Sweden or the Thunder Bay National Marine Sanctuary in the USA (Delgado et al. 2015).
Most importantly, it is expected to create a competitive advantage for local communities on a Glocal
scale, since they will highlight their unique cultural and natural wealth internationally.

From a different perspective, an investment on the promotion of the UCH will not have any negative
effect on the touristic profile of a region, since it has a low environmental impact. On the contrary, the
opportunity for a coastal or island region is to combine different regional assets, more particularly, the
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natural and cultural underwater wealth and organize actions to educate the public on their protection.
Such examples are the Florida Keys National Marine Sanctuary, which protects North America’s only
coral barrier reef and offers home to a unique marine life or the SS Yongala Shipwreck in Australia
located in the Great Barrier Reef Marine Park. In Greece, the National Marine Park of Alonissos North
Sporades is the largest marine protected area in Europe and the nature reserve for a series of rare
species and remarkable archaeological underwater heritage. Such combination of assets can support
operation sustainability for both parties and thus foster protection, considering that the seabed attracts
the interest of divers in general and possibly will raise awareness and attract on the protection of
underwater cultural heritage.

Granted that the sustainability of an intervention plan depends on the socioeconomic environment, the
support of local stakeholders and a strong cooperation network among local institutions are key factors
towards this goal. The model in the Thunder Bay National Marine Sanctuary in the USA is based on
the participation of the local community in the decision-making process, and has actually generated a
sense of responsibility and pride of the local community on their heritage (Delgado et al. 2015). In
fact, the community engagement and active management are considered among the elements of

Fig.3 The classical wreck of Peristera in Alonissos, Greece. ©
MCG, EUA

success of such a bottom-up approach (Scott-Ireton 2006).

5. ABOTTOM-UP INITIATIVE

An example of a bottom-up initiative and active cooperation among stakeholders with the purpose to
protect and promote the underwater cultural heritage has been developed over the past years in Greece.
It is about a long-term effort that initiated in 2006 and has led recently to the first accessible UCH site
of the Peristera classical wreck of around 425 B.C. in Alonissos Island, in North Sporades
Archipelagos of Magnisia, open to the public from the summer 2020 onwards. It all started with the
Prototype Innovative Development Plan ‘Ano Magniton Nisoi’, an awarded integrated intervention
plan that structured on a multi-stakeholder partnership that involved state authorities as well as local-
civil society’s bodies and private associations. Indicatively, such are the Hellenic Ephorate of
Underwater Antiquities, the Hellenic Organization for Tourism, the Hellenic Center for Marine
Research, the Hellenic Institute of Marine Archaeological Research, the local municipalities of
Alonissos and Skopelos islands. It aimed to highlight different features of this island region, such as
the National Marine Park of Alonissos Northern Sporades and the submerged wrecks in the area,
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therefore it is an example of a good practice aiming at sustainable local economic development and
environmental upgrading of a region. The plan proposed the creation for the first time in Greece of
pilot accessible underwater archaeological sites combined with diving parks where qualified diving
centers would support their operation. The main idea was to highlight the underwater cultural and
natural heritage in situ, promoting public accessibility and thus supporting archaeological survey with
the operation of a Research Center for Marine Archeology. Equally innovative was the idea of the
integration of innovative technologies for the non-diving audience, a goal that was not to be realized
until recently.

What followed was the "Operational Plan for the Construction of Underwater Museums & Diving
Parks in the Sporades Islands & Western Pagasitikos", a flagship project under the National Strategic
Reference Network 2007-2013. It actually proposes the creation of a network of accessible underwater
archaeological sites in an extended area of intervention at the Magnisia region. The planning was
based on the promotion of at least five sites as a total, in order to create a weekly diving tourism
destination with a prosperous competitive advantage of a Glocal character. Currently, the plan is to be
developed under the framework of the Partnership Agreement 2014-2020 with the implementation
period starting in October 2019, while it incorporates 4 different projects that are addressed to the
Ministry of Culture (960.000€ budget), the Municipality of Alonissos (1.350.000€ budget), the
Municipality of Almyros (1.200.000€ budget) and the Region of Thessaly (600.000€ budget).

In order for the original idea to become a reality, the Euro-Mediterranean project BLUEMED,
developed wunder the European Interreg 2014-2020 Programme, had a decisive role
(https://bluemed.interreg-med.eu/), as it is implementing the design of accessible Underwater
Archaeological Sites in three different Mediterranean countries, including Greece. More specifically,
the sites of the project are the Baia Underwater Archaeological Park and the Capo Rizzuto Marine
Protected Area in ltaly, the Cavtat Underwater Archaeological Site in Croatia and 4 underwater
archaeological sites in Magnesia, Greece: Peristera in Alonissos and Kikinthos, Akra Glaros and
Telegraphos wrecks on the west coast of the Pagasitikos Gulf. The project proposes physical dive or
virtual trails with enriched information provided on both archaeological and the marine ecosystem
features. An Augmented Diving System improves the diving experience while interactive applications
are also available at the Knowledge Awareness Centers (KACs), where the visitors can enjoy a virtual
diving experience at the sites and the digital exhibition of selected finds. The advantage of KACs is
that since they are established in situ where the sites are also located, they enhance public awareness to
locals and tourists on the value of the protection and preservation of underwater cultural and natural
heritage. In addition, granted that KACs provide all information in a digital form, they can be easily
installed at various points such as airports, museums or international exhibitions. As a result, they can
attract visitors thus disseminate information about other sites too, through an international dynamic
network. At the same time, the project has developed an online platform (http://meddiveinthepast.eu/)
that not only offers the opportunity for virtual diving but also provides archaeological information
about the project sites, the nearby diving centers and other related information about other
Mediterranean UCH sites. In this context, the platform is creating a network across the Mediterranean
of underwater cultural heritage tourism destinations.
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Fig 4. Knowledge Awareness Centers in Amaliapolis and Alonissos respectively, Greece.

The management model proposed in the case of Alonissos in Greece aims at the sustainable operation
of the accessible underwater archaeological site and the two Knowledge Awareness Centers
established in Alonissos and Amaliapolis. Except for the tickets, sustainability is based on the fact that
the operation management lies not on a newly founded organization but on already existing bodies, in
particular the local municipalities of Alonissos and Almyros, the Region of Thessaly and the Ministry
of Culture and Sports. It is in fact a triple helix cooperation based on a trilateral programmatic
agreement that sets clear the responsibilities of each body. More particularly, the Ministry of Culture
is responsible for the protection of the sites and the visits to the sites, while the Municipalities are
responsible for on-land operation issues such as the operation of KACs. The Regional Authority is
responsible for the financing, monitoring and therefore viability of the operation of KACs and sites. A
crucial element for the sustainability of the proposed model is the role of diving clubs. The Ministry of
Culture will train and authorize local diving centers to accompany scuba divers to the sites in a way
that will follow the operational framework of the sites towards their protection and yet satisfy and
inform the visitor.

6. CONCLUSION

The long-term effort in Greece indicates how local initiatives could be effective when they develop on
the fruitful collaboration among local, regional and national stakeholders of a public, civil and private
character— in this case in the form of a quadruple helix partnership. It is also an example of a better
practice for blue growth in the Mediterranean region, being a model compatible with the sustainable
touristic model of the Med that can offer multiple cultural and socio-economic benefits to the local
communities, especially at island and coastal areas. Responsible in situ accessibility and public
awareness are strong preconditions in the protection and promotion of UCH; as a result, Knowledge
Awareness Centers and innovative technology contribute to the participation of the public and most
importantly foster the inclusion of the diving community and non-divers as well. The establishment of
at least five underwater cultural sites is a parameter of operation sustainability of the sites as well as
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the increase of the economic activity in the region, in terms of diving and tourism in general. As a
result, all benefits of this relatively low investment are directly attributable to the local communities.
Future planning should incorporate the promotion of both ancient and modern underwater cultural
heritage while impressive finds urge for the enhancement of further research, study and mapping of
the sites at a regional level. What is more, UCH should be taken into account in terms of maritime
spatial planning. With the support of Municipalities, Regions and Ministries of Culture and Tourism,
the Underwater Cultural Heritage should be also included in the RIS+ in the next Programmatic Period
and take advantage of funding opportunities (ERDF, Interreg or Fisheries Funds).
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Protecting marine biodiversity at accessible Underwater Cultural Heritage
(UCH) sites and UCH diving parks

Y. Samuel®, Y. Mylonas?, S. Stylianou?, G. Konnaris?, P. Diplaros?, G. Fyttis!

tUniversity of Cyprus, Oceanography Centre, 1 University Avenue, 2109 Aglantzia, Cyprus

2University of Cyprus, Department of Computer Science, 1 University Avenue, 2109 Aglantzia,
Cyprus

Underwater Cultural Heritage (UCH) sites and UCH diving parks are typically found in coastal areas,
which also happen to be some of the most biologically diverse areas on Earth, harbouring many of the
world’s plant and animal species and providing important ecological services. The high biodiversity
and abundance of marine species found in these areas is often one of the factors that constitutes them
very attractive to tourists, as well as snorkellers and divers. However, the increased attractiveness and
visitability of these sites, inadvertently increases the pressure on the marine ecosystem leading to
possible negative impacts and possible damage. Managers of UCH sites and diving parks should
record marine biodiversity and abundance prior to opening the UCH sites to visitors as to create a
baseline dataset for their ecosystem and continue monitoring on an annual or bi-annual basis if
possible, in order to observe and changes and deviations. Further, managers should promote
responsible snorkelling and diving and adopt good practices in order to protect and preserve the
integrity of the ecosystems and species and attract visitors, thus sustaining the high-quality visitor
experiences that will ensure the ongoing financial viability and economic health of local communities.

Keywords: marine biodiversity, diving surveys, photoquadrats, protection of marine diving sites,
diving best practices
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Diving into a sea of history. Communicating the Underwater Experience in
a Museum: an Analysis of ARQVA’s Interactive Media.
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Abstract: Museums are among the places that can offer dry dive experiences to non-divers.
The mission of the Museo Nacional de Arqueologia Subacudtica. ARQVA (Cartagena,
Spain) is to increase public awareness, appreciation and protection of underwater cultural
heritage and to make public the activities of professionals who work for it, placing the focus
on the concept of “archaeological site”.

Some interactive stations are placed along the halls of the museum, with the aim of involving
different types of visitors and bring them closer to the experiences of underwater
archacology; a summative evaluation that we’ve carried out at the museum in 2017 explore
the relationship between visitors and these mediums and the different levels of engagement
on the road to knowledge.

Keyword: Underwater archaeology; Public archaeology; Museum design; Interactive exhibits

1. IMMERSE YOURSELF IN OUR UNDERWATER CULTURAL HERITAGE

The Museo Nacional de Arqueologia Subacuatica, or ARQVA, in Cartagena (Murcia, Spain), is one of
few museums in the world entirely dedicated to underwater archaeology. Unlike other similar
institutions, however, it does not merely guarantee the conservation, use and promotion of a series of
underwater finds.

As clarified in its founding statement2, ARQVA has set itself the goal of communicating the value of
our entire underwater cultural heritage, promoting a greater awareness of its riches and the
professional activities that work to foster its protection and conservation.

To do so, as the first panel in the exhibition space states, the museum “invites visitors to immerse
themselves in our underwater cultural heritage.”

The museum’s architectural choices (VAZQUEZ CONSUEGRA 2008) evoke in visitors the idea of a
dive before their visit even begins; one of the museum’s outer walls is made entirely of glass, allowing
the public to view the finds from above.3 The entrance plaza is thus transformed into the surface of the
sea, and visitors are conducted down a long ramp on their suggestive descent toward the artifacts.

The exhibition space is divided into three sections: “Patrimonio Cultural Subacuatico” on the right,
and “Mare Hibericum” and “Del Mar a los Oceanos” on the left. At visit’s end, the walk back up the
same ramp communicates the return to the surface after a dive.

The museographic project develops in a direction that is strongly connoted by this suggestion. In the
sections “Mare Hibericum” and “Del Mar a los Oceanos,” models of an ancient Greek kyrenia and a
medieval coca float beneath the vaulted ceiling next to the large wall of glass. This reinforces the idea

2 Real Decreto 1508/2008, http://www.boe.es/boe/dias/2008/10/14/pdfs/A41176-41178.pdf
3 The exhibition level is built underground in an area which, until the mid-19th century, was under the
sea.
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that visitors are strolling along the seafloor and, by looking up, are seeing the water’s surface on which
the two ships are sailing.

Center stage in the “Patrimonio Cultural Subacuatico” section is occupied by the to-scale
reconstruction of the Phoenician ship “Mazarron 2”; the entire right-hand side of the space presents an
enormous LED wall that recreates themes and atmospheres from the marine world. This wreck,
immersed in a virtual sea, is surrounded by reconstructions of a group of large buoys, whose red color
is extremely eye-catching (Fig. 1). The buoys are actually interactive devices, both mechanical and
digital, whose goal is to bring visitors closer to the experiences of underwater archaeology. They
constitute a response to today’s public’s growing demand for spaces designed for practical,
experimental learning, capable of creating an interaction that brings out the scientific and historical
content the exhibition wants to communicate.

To analyze the functioning of these expository elements and assess their degree of attractiveness and
usability, in 2017 a summative evaluation4 was carried out via direct observation and questionnaires
which has made it possible to define their strengths and weaknesses (COSSEDDU 2018). The
evaluation’s results allow ARQVA, as well as other museums and operators in the sector, to gain more
in-depth knowledge of the variables present in the complex relational system between the public and a
museum’s interactive media.

Fig. 1. The to-scale reconstruction of Mazarron 2 surrounded by the buoys

4 The aim of this evaluation, conducted thanks to the collaboration and availability of the director and
the entire museum staff, was to verify the effectiveness of the expository choices adopted.
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2. THE UNDERWATER EXPERIENCE THROUGH INTERACTIVE MEDIA

The five buoys of the Patrimonio Cultural Subacuatico5 are dedicated to the topics of diving and the
techniques of excavation, recovery and analysis in the undersea world. The goal is not only to take
visitors down into the marine depths and show them how underwater archaeologists work, but also to
explain the scientific principles that regulate the latter’s activities.

All the buoys have the same structure: above a reddish-orange hemispherical base stands a cylindrical

glass column full of water, inside of which the phenomenon in question takes place. Beside the
columns are the command buttons and the screens that explain the phenomenon represented.

Buoy 1. Diving is easy (Fig. 2).

-Typology: digital and mechanical interactive device.
-Theme: the dive.
-Description: the column contains a small diver and a seafloor with a wreck.

-Functioning: the visitor begins the interaction by pressing a button that activates the diver’s descent
toward the wreck. When surfacing begins, the screen (Fig. 3) shows a comparison between the time
spent in the marine depths and the relative decompression phases, inviting the visitor to wait the
necessary number of seconds — the time displayed passes more quickly than normal, of course — to
carry out the various phases correctly, and then to press the button again to continue the ascent to the
surface.

-Data on usage: “attraction power”6 was 0.79, the average stop time was roughly 1 minute and 30
seconds, while “holding power”7 was 0.44.
Of the 89 people who stopped in front of the device, only 72 used it. 8 visitors used it more than once

(the second-ranked element in this category), while on 6 occasions a discussion occurred between
visitors in the same group with regard to its functioning.

It was also one of the 8 elements in the museum (out of a total of 65) toward which the 113 visitors
surveyed showed clear and evident signs of annoyance.

5 Another buoy, separated from the other five, is dedicated to the theme of the side-scan sonar
surveys.

6 The ratio of visitors that stopped in front of the interactive element to the total number of
visitors (SHETTEL 1992).

7 The ratio of the time spent by visitors with the interactive element to the time necessary to use
it in a correct and complete manner (SHETTEL 1992)
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Fig. 2, 3. Buoy 1. Diving is easy. The screen shows a comparison between the time spent in the
marine depths and the relative decompression phases

Buoy 2. Objects change color under water.

-Typology: mechanical interactive device.

-Theme: the progressive absorption of color under water.

-Description: a luminous ball is present inside the column.

-Functioning: the ball descends toward the base, gradually changing color.

-Data on usage: “attraction power” was 0.69, the average stop time was roughly 55 seconds, while
“holding power” was 0.66. Of the 78 people that stopped in front of the buoy, 67 actually used it (4 of
them as viewers of others who were using it).

Buoy 3. The underwater vacuum.

-Typology: mechanical interactive device.
-Theme: principles regulating the functioning of the underwater vacuum

-Description: the water column is divided into two parts, one of which contains, on the bottom, the
reproduction of marine sediment where the mouth of the underwater vacuum is present.

-Functioning: the vacuum removes the sediment and unloads it into the other part of the column.

-Data on usage: “attraction power” was 0.56, the average stop time was roughly 38 seconds, while
“holding power” was 0.77.

Buoy 4. When objects speak (Fig. 4).

-Typology: digital interactive device.
-Theme: investigating the different types of objects that can be discovered under water.

-Description: the water column contains a bottle of Coca Cola and a fragment of a Roman amphora. At
the base of the column is an interactive digital screen.
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-Functioning: when visitors click on the button, they have two minutes to take a quiz about the two
objects.

-Data on usage: “attraction power” was 0.63, the average stop time was roughly 71 seconds, while
“holding power” was 0.71.

Buoy 5. The lifting balloon (Fig. 5).

-Typology: mechanical interactive device.
-Theme: recovery of objects from the seafloor.
-Description: in the water column is present a lifting bag attached to a basket with a small amphora.

-Functioning: when the bag fills up with air, it floats upward and brings the basket with the amphora
inside with it.

-Data on usage: “attraction power” was 0,48, the average stop time was roughly 52 seconds, while
“holding power” was 0.62.

Fig.4. The buoy 4. When objects speak Fig. 5. Buoy 5. The lifting balloon
3. CONSIDERATIONS

Analysis of the visit itineraries in this section (COSSEDDU 2018, pp. 284-285) has shown that the
buoys significantly influence the choices of visitors, who prefer them to the panels and videos.

The evolution of the interactive media’s “attraction power” however, reveals a gradual diminishing of
their usage, which goes from 0.79 for the first (nearly four out of every five visitors) to 0.48 for the
last (less than one out of every two visitors). This datum indicates that the public was not entirely
convinced by the experiences proposed.
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The questionnaires given to visitors to evaluate elements of the museum also appear to confirm this
finding: the buoys achieved a score of 5.98/7, which in theory is a good result, but actually positions
them only in fourth place (out of a total of eight typologies of exhibition elements investigated) in this
special visitor approval classification.

What’s more, the interactive elements were the second most-criticized category; some felt they were
too simple, indeed more suitable for a public of children, while others complained that the phenomena
were not represented with sufficient clarity.

This contrasting picture is the sum of particularly positive aspects and others that, in order to reach
their goal, would benefit from various modifications.

Among the factors that have a positive impact on the use and comprehension of the buoys are their
closeness to one another and the recognizability of their design; in fact these stations are positioned
around the wreck of the “Mazarrén 27, almost as if to mark it out on the surface of the museum-sea,
and are also distinguished by their identical color and design.

Physical accessibility is guaranteed by a height appropriate for both adults and children, while the lack
of archaeological finds in this section8 makes it possible to avoid one of the most frequent problems
for museums equipped with interactive elements: the competition between these types of media and
the finds on display, which often end up being obscured.

By choosing to tackle the scientific principles at the foundation of underwater archaeological
fieldwork, the museum has also diversified its target audience, speaking not only to those interested in
history, but also to visitors fascinated by the technical and scientific aspects as well. Also interesting in
this sense is the museum staff’s attempt to respond to hypothetical questions visitors might ask
themselves, putting themselves in the public’s shoes and making sure the visitors are at the center of
the museum experience, even at a preliminary, organizational phase.

Moving on to the negative aspects, the most important of them is certainly the scant level of
interaction generated. Visitors do not have the chance to choose between various options, they are not
challenged, but are merely asked to activate a demonstration by pressing a button and then be passive
spectators, which risks creating possible feelings of frustration or boredom. The only genuine
exception is interactive digital element n. 4, which registered an elevated “holding power” despite
requiring a stop of at least two minutes.

Another factor that limits the use of the buoys, despite the presence of the digital screens that explain
the phenomena investigated, is the lack of simple and direct communication. Museum visitors are
notorious for their impatience with reading instructions, preferring to proceed by trial and error (HEIN
1998). This phenomenon manifested itself particularly with interactive element n. 1, where the public
is invited to wait the necessary time for the decompression stops before proceeding with the surfacing
maneuver, yet almost no one did so.

It is also possible that uniformity in design alone is insufficient to clarify the relationship between
these media. A different communicative choice could have made visitors aware that they were
beginning a journey through the scientific phenomena at the foundation of an underwater dig, and thus
increased their comprehension and engagement.

A final aspect that should be strengthened is the relational context. Many visitors choose to go to
museums in a group, using the visit first and foremost as a social experience (FALK, DIERKING pp.
146-172). ARQVA’s buoys, however, can only be used by one person at a time; thus one person is the

8 The few artifacts present in the section, rather than communicating their own particular
historical/archaeological contexts of provenance, have the function of recounting the phases of excavation,
recovery and conservation.
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protagonist, and all the others have to settle for being spectators. This problem could be remedied by
recreating, inside the museum, the relationship formed between dive companions; the many
procedures the latter undertake together (dressing, checking equipment, using communication signals
in the water, the ways of conducting diving activities and, more generally, the constant mutual
surveillance) lend themselves perfectly to the creation of interactive group activities.

After all, since for reasons of security and enjoyment it’s better to go on a dive with a companion you
can trust, it’s equally preferable to share a museum visit, taking advantage of that cognitive accelerator
provided by the participation in new group experiences.

4. FINAL REFLECTIONS

To communicate the experience and emotions of underwater archaeology to the public without leaving
the rooms of a museum, ARQVA relies on precise architectural choices and a wide range of
communicative techniques in which interactive media play a central role. These tools, which have now
been present in museums for many years, continue to evolve and multiply, because they allow the
public to participate actively in the learning process that develops during the visit.

By choosing not to use every space in the hall to exhibit objects from its collections — a painful choice
for many curators — ARQVA shows that it has overcome the old conception of the “object-centered”
museum, whose principal end is to catalogue objects in order to conserve them. The Spanish museum,
on the other hand, was created with the aim of being “discourse-centered” and putting narration at the
center of its museological project (PUJOL TOST). This type of approach makes it possible to
overcome the barrier erected due to the intellectual effort necessary to understand and codify the
artifacts exhibited. The interactive elements dedicated to the dive experience also enable it to
overcome another taboo common to many art, history and archaeology museums: the possibility of
tapping into visitors’ interests by transmitting ideas that can have practical applications.

The investigation conducted at ARQVA shows, however, that in the case of interactive elements it is
necessary to make further progress to effectively transmit the museum’s cultural authoritativeness and
riches to visitors, allowing them, via interactive activities and the possibility of making autonomous
choices and a more extensive social usage, to determine the outcome of their experience and share it
with the rest of their group.
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Abstract: The recent developments of underwater photogrammetry have brought to a wide
diffusion of the practice to digitally record the 3D models of submerged cultural assets.
These 3D models can be used to implement software applications devoted to improve the
digital accessibility to both scholars and the general public, interested in having a better
grasp of underwater sites and maritime archaeology. This kind of applications can benefit
from the edutainment approach in order to educate, entertain and inspire the wider public
through creative storytelling and self-motivating learning.

In this context the Horizon 2020 i-MARECulture project (Advanced VR, iMmersive serious
games and Augmented REality as tools to raise awareness and access to European
underwater CULTURal heritagE), funded under the call ‘Virtual museums and social
platform on European digital heritage, memory, identity and cultural interaction’ (CULT-
COOP-08-2016), aims to develop and integrate serious games, interactive storytelling,
immersive technologies and underwater augmented reality for supporting the wide public in
acquiring knowledge about the European maritime cultural heritage.

This paper will focus on two of the various applications developed in the i-MARECulture
project and in particular to the ones focused on the case-study of the underwater
archaeological Park in Baiae near Naples. The first application is a Virtual Reality dry visit
experience that enables every user to explore the “Villa con ingresso a protiro” without the
need to conduct a proper dive. Furthermore, the same hypothetical reconstruction of the Villa
can be enjoyed by divers directly underwater by means of an Augmented Reality system
based on a specially designed underwater tablet that will serve as a virtual guide for divers
that visit the underwater archaeological sites.

Keywords: i-MARECulture, Virtual Diving, Underwater Augmented Reality.

1. INTRODUCTION
1.1. Scope

The main goal of the i-MARECulture [1][2] project is to raise public awareness of European identity
by focusing on maritime cultural heritage, which by default brings together different civilizations. In
particular, the project aims in bringing inherently unreachable underwater cultural heritage, within
digital reach of the wide public, by implementing virtual visits, serious games with immersive
technologies and underwater Augmented Reality (AR). Scope of the project is to design, analyze,
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develop and validate pioneer applications and systems in the context of Virtual Museums through
collaborative and innovative research from a diverse group of scientists, researchers, archaeologists,
experts and museums. The project merges the advancements in Virtual and Augmented Reality (VR
and AR) with the underwater environment. By using existing technology, it is already delivering
through its new website (www.imareculture.eu) breakthrough applications and digital experiences in
the area of Virtual Museums, empowering different types of users to engage with European
underwater cultural heritage digital resources.

1.2. Approach

Submitted in the call ‘Virtual museums and social platform on European digital heritage, memory,
identity and cultural interaction’ (CULT-COOP-08-2016), the i-MARECulture project investigates
and delivers new ways to personalize the museum visit for a digital or physical visitor, while
supporting social cohesion and European identity. Virtual museums are particularly strong in
visualizing CH that is either intangible, does not exist anymore, is partially destroyed or is remotely
located. Ancient maritime commerce represents a perfect example of civilizations’ interaction and
cultural exchange, but unfortunately not easily exhibited to the wider public. Ships, shipwreck sites
and underwater sites in general are far from public’s reach and understanding. Enabling immersive
technologies to allow for content enhanced dry visits of visitors on such sites, i-MARECulture project
is raising public’s awareness and stirs further interest about maritime culture.

One of the main goals of the project is to bring shipwreck sites to the reach of the wider public, so that
they can have a personalized and interactive dry visit using VR headsets from the comfort of their
house. Museum visits could be further enhanced by using immersive technologies, such as VR caves
and holographic screens. The latter allows for all visitors to witness an interactive 3D experience of
another visitor, since they carry no special glasses or any other equipment while freely walking around
the objects under investigation. Regarding these dry VR visits, the focus is given to the quality of
immersion into the virtual world, using as much detail as possible and high-end equipment.

Moreover, within the project, AR applications are developed in order to enhance the underwater
experience of diver visitors, as there are submerged archaeological sites. Specially designed
underwater tablets and smartphones provide assisted navigation to the diver/visitor and, using AR and
custom applications, give additional information about specific exhibits based on proximity and
diver’s preferences. After the end of the project, these AR applications will be used to explore a
sunken city, where the AR tablet will provide the diver with conceptual designs of the original status
of villas and related constructions, which are now laying in ruins.

Following the need to extend any visit, serious games and storytelling encourage and surround the
physical visit both before and after it. As a pre-visit experience, users will be able to participate in a
seafaring game, sailing between ancient ports for commerce, using the limited resources and
limitations of that specific time period. Similarly, as a training tool for archaeologists, experts will be
able to partner up for a virtual excavation dive on an ancient shipwreck, with all limitations and
problems that such dives have, and learn the use of the airlift.

Three sites have been carefully selected for project’s implementation, based on their potential to
support the context of each action, as well as their data availability, so that no assets were to be
allocated on data acquisition: the Mazotos shipwreck site, the Xlendi shipwreck site and the Baiae
underwater archaeological park.
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Lately, i-MARECulture project delivered two libraries of 3D ship models and amphorae of the studied
period. The 3D objects of these libraries are used in serious games. The libraries are designed with
ontology, so that they can be useful for further archaeological archiving and are released to the public
through the webpage of the project: www.imareculture.eu. All actions are being evaluated in order to
attain measurable results and are enhanced by appropriate storytelling. It should be also mentioned
that the experienced maritime archaeologists involved in the i-MARECulture project ensure the
historic accuracy of every aspect, both through storytelling as well as realistic representations and
game scenarios.

2. STATE OF THE ART

VR and augmented reality have been used in a number of occasions for allowing users/tourists to
explore cultural heritage as well as educating them [9][21]. For underwater cultural heritage there have
been fewer applications, due to the difficulties of the environment.

For exploring underwater cultural heritage in VR, geolocated and multi-resolution textured 3D models
of underwater archaeological sites have been used [11]. In another study, more specific methods for
realistic modelling and VR presentation of underwater archaeological assets were presented based on
the Mazotos shipwreck site [17].

The virtual diving exploration of Cala Minnola shipwreck site [24] allowed users to perform an
entertaining and interdisciplinary learning experience by receiving archaeological, historical, and
biological information by means of a number of points of interest (POIs) and a virtual dive buddy that
guides the users during the exploration of the digital replica of the submerged site.

Moreover, educational applications were proposed such as a training system for real-time underwater
excavation in VR [16] and another one to teach the basics of photogrammetry to maritime
archaeologists [14].

Conceptual gamification framework is proposed in [3] as framework for VR applications based upon
the use of game elements in a 360-degrees video environment to enhance user interaction with a case
study of the cultural heritage site, in Rethymno city, Greece. This application uses 360-degrees video
to convey information about this historic place.

Russian Hermitage Museum [4], has produced the application called The Hermitage VR Experience.
This novel VR experience for visitors is a 19-minute movie in 360-degrees format, where the actors
and the narrator are performing selected scenes from Hermitage palace's history.

In Livia’s Villa Reloaded [5] actors are telling the story in the 3D reconstruction of the Livia’s Villa.

A Night in the Forum is an Educational Environmental Narrative Game that uses PlayStation®VR to
take the users back in time to The Roman Forum during Augustan rule [6]. The game is happening in
the virtual reconstruction of the Roman forum, where the user has a role of a guard and carries out
assigned tasks through which he/she learns stories of Augustus and about Roman citizens during a
time.

VR storytelling is also used in [3][7][8] demonstrating how this way of communicating information is
efficient, engaging and attractive to the users. To our knowledge, this storytelling methodology has not
been used by now in UW applications.
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Concerning underwater AR applications, the first one described in literature was developed in 1999
[15] where an HMD for Navy divers was presented. A more sophisticated system was presented in
2009 by Morales et al. [18]. It consists in an Underwater Augmented Reality (UWAR) system that
provides visual aids to increase commercial divers' capability to detect, perceive, and understand
elements in underwater environments. The AREEF system which allows people to discover
underwater word of corals, fishes or fairy-tale wrecks in a swimming pool in a comfortable and safe
way [10]. Successively, in 2013, the AREEF system was improved in order to be used by more than
one person [19] and also by children [20].

3. DRY VISIT IN VIRTUAL REALITY

The dry visits application consists in a Virtual Reality experience that enables the users to simulate a
real diving session from the scuba diving viewpoint and explore the 3D digital replica of the three
pilot sites selected for the i-MARECulture project. Since this paper focuses on the case-study of the
Baiae underwater archaeological park, this section describes the dry visit applied to the scenario of
“Villa con ingresso a protiro”. Nonetheless, it is worth to point out that the dry visit application has
been designed and developed to enable the users to explore all the three underwater archaeological
sites’ scenarios, which will be dynamically loaded in runtime from a single application. Starting from
a virtual environment menu, the user can select the site to explore, view the related video-interviews,
play the tutorial and start the virtual diving experience. The user wears a Head Mounted Display
(HMD) to navigate the virtual environment and interact with some 3D objects to receive historical and
archaeological information about the submerged artefacts. The light-weight helmet isolates the user
from the distractions of the actual physical environment and encompasses the entire field of view. It
contains a high-resolution stereoscopic display; adjustable optics; an optical tracking system capable
of tracking both the position and the orientation of the user’s head; and a stereo audio output.
Moreover, the HMD is usually coupled with one or two wireless handheld controllers equipped with
several buttons, joystick and a touchpad as a means of human-computer interaction.

Fig. 1: A user interacting with the VR system to explore the underwater area of “Villa con ingress a
protiro”.

The interactive virtual scenario of the “Villa con ingresso a protiro” has been created starting from the
3D reconstruction of the underwater archaeological area. This digital replica of the submerged site has
been enriched, by means of the Unity editor, with the surrounding seafloor, flora and fauna, the
terrestrial environment (coastline, etc.), and additional 3D models (boat, buoy, etc.). Furthermore,
graphical effects have been added to the scene to simulate the underwater environment, thus enhancing
the realism of the experience. In particular, these effects include physical accurate simulation, such as
light rays, refractions, fog, caustics, particles and bubbles. Moreover, the 3D models of the flora and
fauna replicate the plants and fishes who populate that specific marine ecosystem, i.e. the
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Mediterranean Sea. In order to maximize enjoyment and engagement by capturing the interests of the
users, the virtual scenario has been then populated with 3D models that represent the points of interest
with associated multimedia data. In particular, they can contain: audio files that provide
archaeological, historical and biological information; the activation of a 3D hypothetical
reconstruction of the “Villa con ingresso a protiro”; 360-degrees videos settled in the hypothetical
reconstruction scenario. In order to simplify the management of the multimedia contents, they are
stored into a remote database and they can be accessed from the dry visit application by means of a
web service and a RESTful API.

The hypothetical reconstruction is a 3D virtual environment that shows the complex of “Villa con
ingresso a protiro” as it appeared in the past [23]. It has been achieved by means of a theoretical and
multidisciplinary scientific approach [23] that exploits the 3D data together with drawings and other
historical and archaeological information in an iterative feedback reconstruction process. This process
involved several professional figures and consisted in several phases. It started with the gathering of
data (historical documentation, 3D models, scientific literature) and its analysis that led to the
formulation and the investigation of different interpretation hypotheses. Then, the architectural
remains have been modelled and validated by means of an iterative critical revision. In particular, this
process is based on interleaving a phase of technical reconstruction with a strong critical revision to
generate a feedback process, iterating the construction/correction loop as much as needed. The result is
the final 3D reconstruction, as it appeared in the past, of the “Villa con ingresso a protiro” (Fig. 2). It’s
worth to point out that, thanks to the abovementioned iterative feedback process, the hypothetical
virtual reconstruction has been examined and approved by the scientific experts [23].

Fig. 2: Different portions of the 3D hypothetical reconstruction of the Villa: the impluvium (a), the room with
the pelte mosaic (b), garden (c), columns (d).

Page 39




International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

The game logic of the dry visit application presents three distinct elements: exploration, storytelling,
and interaction. In order to simulate a real diving session, the exploration starts above the water
surface, where the user can see the coastline that overlooks the archaeological site, as well as
additional 3D models representing the boat and the buoy. Once the user dives in the submerged virtual
environment, he/she can explore the underwater area and interact with the POls that provide historical
and archaeological information. A virtual dive buddy guides him/her among the six 360-degrees short
videos that have to be played in a very specific order, since they compose a story settled in the ancient
Baiae. Moreover, as already specified above, a special POI enables the user to switch from the 3D
representation of the Villa to the reconstruction of its ancient status. Once activated the virtual
hypothesis environment, the user can “walk” into the Villa and explore its original magnificence. The
user interaction occurs by means of an HMD technology to look around and one or two wireless
controllers that enable the user to explore the virtual environment and interact with the POls.
Moreover, a directional arrow and the virtual dive buddy show the direction to reach the underwater
archaeological area and related multimedia content.

The results of the preliminary tests have shown that this virtual experience represents an effective tool
to enable the citizens to access to the Underwater Cultural Heritage, in particular to the “Villa con
ingresso a protiro” in the underwater archaeological Park of Baiae.

3.1. 360 Storytelling

In order to introduce the users with the life during the Roman Empire, we created a set of 360-degrees
videos according to the scenario proposed by the archaeologists. The story is about a rich aristocrat
who is buying a statue from a sculptor to decorate the garden of his luxurious villa. As parts of the
story are activated during the VR exploration in different locations in the underwater Villa remains,
we divided the plot in the following segments:

o the intro story consists of a 360-degrees video sequence of Baiae remains on land with a voice
over introducing the viewer to the city and its historical significance, as well as the place
where the plot is set;

o the sculptor’s workshop scene where all characters introduce themselves (the sculptor, his
apprentice, the aristocrat, and the slave);

o the street with shops scene where the sculptor tells his apprentice how beautiful is Baiae and
prepares him for the meeting with the aristocrat;

o the villa entrance scene where the sculptor and his apprentice are greeted by the doorman and
let inside the villa;

e the room with mosaics scene where the slave announces the visitors to the aristocrat;

e the atrium scene where the sculptor is introducing his apprentice to the villa;

o the discussion of the sculptor and the aristocrat about the statue design and price.

The stories (except the intro) are combinations of actors recorded against the green screen with
computer generated backgrounds. Background images are renders from 3D villa reconstruction model,
as well as 3D models of a generic street with shops and sculptor’s workshop. The video is
accompanied by 3D sound in order to obtain the full user immersion.

The main challenge of VR storytelling was to direct the story in a way that important replicas or parts
of the plot do not remain unnoticed by the viewer, as he/she can now turn around and his/her field of
view is not limited anymore, as in the case of classic video. However, this possibility increases user
immersion in the scene and provides an opportunity for exploring the details of the environment,
which is particularly useful in virtual cultural heritage reconstructions. The stories have, apart from
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giving the users a hint on the life in ancient Baia, also enabled them to perceive the decorations and
various details of “Villa con ingresso a Protiro”, creating impressions that they are really there.

Fig. 3 shows the work of various professionals involved in stories production (director, producer,
cameraman, actors, make-up artists, graphic designers), while in Fig. 4 are presented screenshots from
some of the stories.

Fig. 4: Screenshots from Baiae VR storytelling.

3.2. PRELIMINARY TESTING

Informal testing has been performed for the VR Baiae dry visit application. In particular, the
application was shown to 6 VR experts as well as 6 VR students. Initial results indicate that the
application is immersive and interesting. Some minor issues were spotted including scaling of the
interactive storytelling actors/agents. Overall, the experience was rated as positive and a formal
evaluation with questionnaires is currently on its way.

Specific study was conducted to evaluate if the use of actors contributes to the immersion and
edutainment of the VR cultural heritage application [22]. First, we have performed a heuristic
evaluation (HE) by 5 experts in the field of VR/AR development and UX experience. The results of
the HE facilitated design of the questionnaire for user experience study. The study involved 23
participants, and evaluation included both quantitative and qualitative part. Perceived user experience
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was measured with web-based structured questionnaire, and the evaluators were observing the study
participants while they were engaged in the VR digital stories.

Our study showed that the use of actors in VR storytelling contributed to the quality of user experience
and evoked positive level of immersion and indicated beneficial effect for edutainment, since users
learn through the empathy with actors. The results brought to our attention significance of eye-contact
with the actors for immersion and of proper use of cues for directing the user attention in 360-degree
videos.

4. UNDERWATER AUGMENTED REALITY

As evidenced in section 2, the experimentation of Augmented Reality (AR) in underwater
environment is a challenging research field and, however, it has been never done in submerged
cultural sites mainly because several technical challenges need to be resolved for implementing a
sufficiently accurate method for absolute localization and tracking in the marine environment.

In the i-MARECulture project two different systems have been developed to perform an augmented
visualization representing the hypothetical 3D reconstruction of the archaeological remains as
appeared in the past by means of a commercial tablet housed in a waterproof case. The first system
integrates a marker-based tracking with inertial sensors, while the second one adopts a marker-less
approach that integrates acoustic localization and visual-inertial odometry.

4.1. MARKED-BASED AR

Estimation of the user/diver position in AR is one of the most challenges issues. Even if nowadays
there are a number of good approaches for terrestrial applications, in underwater environments the
situation is very different. Sensor based approaches are typically limited to acoustic tracking but one
the main disadvantages, amongst others, is the cost of the sensors. On the other hand, computer vision
approaches can be also used with a promising result. The focus of this research is to develop AR
interfaces for underwater environments for different weather/turbidity conditions. This was a big
challenge due to the variability of the underwater visibility conditions.

We introduced a new method [12][13] based on white balancing that enhances underwater images to
improve the results of detection of markers. To assess the effectiveness of our results, a pilot
underwater testing was performed in underwater archaeological park of Baiae. The focus of the testing
was limited to one building that lies on the sea bottom: “Villa con ingresso a Protiro”, with a
characteristic mosaic in one of the rooms. Divers were able to perceive the abovementioned 3D
hypothetical reconstruction of the villa in AR. Fig. 5, illustrates screenshots of preliminary user testing
at Baiae.

Four current methods of underwater image dehazing that restore the visibility decreased by underwater
environments were implemented and evaluated for their capability to improve marker detection for
augmented reality. The evaluation of dehazing techniques was carried out by comparing the number of
successful marker detections in several test videos. Results show that the marker tracking performance
may differ greatly according to depth, location, and the actual light and turbidity conditions. Our
method (underwater white balancing) combined with a fast marker detector gives better results than
more sophisticated marker detector that runs much slower [12][13].
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Fig. 5: Upper left: markers detected by iMARE Demo Junel8, placed in the grid of 3x3 markers. Upper right:
multiple image processing methods, selected Marker Based Underwater White Balancing. Lower: 3D model of
Villa placed on the location of markers.

4.2. MARKER-LESS AR

The marker-based UWAR approach requires to prepare the environment by placing fixed visual
markers on the seabed, in order to estimate the orientation and position of the device with respect to
the real world and to perform the superimposition of the virtual elements in the scene. During the i-
MARECulture activities, a marker-less approach that employs a more general underwater localization
and eliminates the need of markers for the localization of the device has been developed too. The
Global Positioning System (GPS) is capable to provide geolocation and time information almost
everywhere there is an unobstructed line of sight between a GPS receiver and four or more GPS
satellites. Unfortunately, the radio GPS signal is strongly attenuated by the water and thus it cannot be
employed for underwater localization. Instead, localization systems based on acoustic signals are used
in this context. These systems employ the trilateration technique to calculate the position of a target
using the distances calculated between the target and three or more acoustic transponders placed in
known locations. The quality of the augmented visualization provided through a marker-less approach
is strictly related to the precision of the underlying diver’s position tracking, and consequently to the
underwater acoustic positioning systems which suffer from low update rate and low accuracy. Since
AR visualization requires a high frame rate to operate properly, it is quite evident that such acoustic
localization systems alone are inadequate for this purpose. In fact, the update rate of the acoustic
positioning system alone is around 0.2 Hz, and this is too low to deliver a seamless AR experience due
to the long delay between two subsequent positions provided by this system. In order to overcome this
limitation and improve the performance of the proposed UWAR technology, the acoustic positioning
system has been integrated into a hybrid tracking system which merges positioning data, generated by
the acoustic system, with data coming from a Visual Inertial Odometry (VIO) framework. In
particular, given the low update rate of the acoustic system, it has been implemented a data fusion
strategy aimed to fill the gaps between two consecutive acoustic positioning data. This enables a
consistently high frame rate and provide to the user a consistent and smooth AR visualization.
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The hybrid tracking system has been integrated in a cross-platform application made using Unity 3D, a
game engine developed by Unity Technologies mainly used to develop videogames and simulation for
several devices. This application, namely the UWAR app, exploits the hybrid tracking to help the
divers to locate themselves during the exploration of an underwater archaeological site, allowing to
obtain information about some point of interests and to see the original structures superimposed on the
current status of the seabed. The UWAR app runs on an underwater tablet which is composed of a
waterproof housing where a commercial tablet is placed. The app is provided with an Augmented
Reality (AR) feature that enables the diver to live a new and more immersive experience compared to
a classic recreational dive. The AR allows the diver to view the hypothetical reconstruction of the
structures and artifacts that are superimposed on the present status of the underwater archaeological
site. The diver can switch from the actual state of the archaeological site to the hypothetical
reconstruction using a dedicated button in the User Interface (Ul). For the sake of clarity, this button
has been highlighted in Fig. 6a; the label “Present” suggests to the user that he is visualizing the actual
state of the underwater site. In this case, the actual state of the underwater site is rendered through a
planimetry where the different areas of the villa are easily recognizable.
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Fig. 6. UWAR app UL. (a) Top-view visualization of the underwater site planimetry; (b) First-view visualization
of the hypothetical reconstruction.
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Once the user pushes the button highlighted in Fig. 6a, the concerning label switches its text to “Past”
indicating that the user is visualizing the hypothetical reconstruction of how probably the site looked
in the past. The diver can choose the type of visualization between the top-view (Fig. 6a) and the first-
person view (Fig. 6b). The top-view is especially suitable to orientate in the underwater environment
whereas the first-person allows to fully enjoy the AR view modality. While in AR modality and first-
person view, the user can move around the tablet, rolling and pitching, in order to change the point-of-
view of the camera.

A validation test on the field of the UWAR application has been performed both before and during the
official test session held in Baiae in June 2018 and June 2019 (Fig. 7). Different users that belong to
the partnership of the i-MareCulture project tested the UWAR application by employing it for the
augmented exploration of the underwater archaeological site of “Villa con ingresso a Protiro”. All
these users have been requested to evaluate the overall usability of the application, the ease of use of
the Ul and the interactions with the AR features.
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Fig. 7. Pictures from the official test session held in Baiae in June 2019.
5. CONCLUSIONS

The paper has presented novel VR and AR systems that can improve the accessibility of the
submerged archaeological sites by both divers and non-divers tourists. In particular, the VR dry visit
application, developed in the H-2020 funded iMARECulture project, and here presented, provides to
the large public the possibility to enjoy a dry dive in the Italian pilot site of the project that is the
“Villa con ingresso a protiro” in the underwater archacological park of Baiae. The VR experience is
enriched with 360-degrees videos for providing additional contents through the storytelling approach.

The tablet-based AR system is addressed to support the divers’ visits by showing them their position
over the 3D map of the underwater archaeological site. The tablet also provides an augmented
visualization representing the hypothetical 3D reconstruction of the archaeological remains as they
appeared in the past during the Roman era.

Two different tracking technologies are described: the first uses an acoustic localization device and the
second an optical maker-based approach. Although the latter is the most cost-effective solution, since
it does not need the acoustic device, it requires the area to be populated by artificial visual markers and
to keep them clean since just a few days are sufficient to be covered with a thin layer of biofouling that
makes them completely unintelligible.
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from the European Union’s Horizon 2020 research and innovation programme under grant agreement No.
727153.
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Results of the “Sommergiamoci” Project in the MPA Gaiola Underwater
Park
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Abstract: This work is aimed at presenting the results of the “Sommergiamoci” (Let’s dive)
project carried out in the Marine Protected Area Gaiola Underwater Park (Bay of Naples,
Italy). The project started in 2015 and it was focused on the implementation of a new
sustainable and non-invasive system for the visit of the underwater archaeological and
environmental heritage of the Park. Particularly, the Gaiola Underwater Park preserves the
remains of a | century BC Roman Villa (part of the Pausilypon archaeological complex) and
a very rich marine fauna. The goals were to both develop a system that could guarantee a
sustainable and not invasive access to the underwater ruins, and, at the same time, to allow
those that will never SCUBA dive to experience something that otherwise would be totally
un-accessible. Thanks to the development of an innovative technology, which allows the
direct audio/visual communication between a SCUBA diver and public on land, now 35
visitors per time can enjoy a dry dive experience. The result was obtained through the
realization of a highly technological room in the visitor center of the Underwater Park, where
a 3D immersive audio-visual communication with the SCUBA diver is obtained thanks to
the use of wireless technologies. The project was realized by the Centro Studi
Interdisciplinari Gaiola onlus in collaboration with the Campania Archaeological
Superintendence, the Universities of Naples Parthenope and Federico Il. In this work, we
will present both the results in terms of public accessibility and in terms of technological
development, explaining the difficulties and the challenges and how they were solved.

Keywords: Underwater Park, sustainable tourism, SCUBA diving, accessibility, dry dive

experience.

1. INTRODUCTION

The “Sommergiamoci” (Let’s dive together!) Project was carried out in the Marine Protected Area
“Gaiola Underwater Park” in Naples (Italy). This Marine Protected Area (MPA), instituted in 2002
with the Inter-Ministerial Decree 78/2002, is the smallest in Italy and it is named after the two small
islands located in the North-Western side of the Bay, along the Posillipo Coastline.

The Gaiola MPA is characterized by relevant biological and geological evidence, moreover, because
of the intense geomorphological activity of the area, which caused the lowering of the coastline
throughout the centuries, the seabed of the MPA is rich in archaeological ruins, part of a rich Roman
villa dating to the I century B.C. “Simeone and Masucci (2016)”. Since 2005, the Centro Studi
Interdisciplinari (CSI) Gaiola onlus, in agreement with a local body of the Ministry of Culture, is in
charge of the preservation, scientific dissemination and promotion of the important environmental,
geological and archaeological heritage of the Park. The CSI Gaiola onlus is a National NGOs
instituted to promote scientific research, preservation and dissemination of the environmental and
archaeological heritage, with a special focus on the Northwestern side of the Bay of Naples and the
Posillipo area.
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The Gaiola MPA, in fact, is located in the
densely inhabited city of Naples and still Marine Protected Area “Gaiola Underwater Park”
today the main challenge in managing the N ' ' : y
Park is to find a balance between sustainable
accessibility and preservation of the
environmental and archaeological heritage
“Simeone and Russo (2005)”. Even if, since
2007 a positive trend on the registration of
illegal activities in the MPA has been
recorded, the difficult social and economic
context of the city is still characterized by a
general lack of awareness on the importance
of this Underwater Park. In fact, in 2015 it
was demonstrated how there still was a lack
of awareness on the existence of the
underwater heritage in the Gaiola MPA, | =
because of the difficulty in accessing what
lies underwater and in recognizing to the
underwater heritage the same value of the
onland sites “De Vivo (2015)”. This problem
is obviously not related only to the Gaiola
MPA, but to any underwater site preserving
environmental and archaeological heritage
and this is the reason why many studies and
strategies have been carried out to find
solutions and to make underwater heritage

more accessible “Davidde (2004)”. Fig. 1: Map of the Marine Protected Area Gaiola Underwater Park
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Being aware that public awareness and

participation are fundamental to guarantee the protection of this kind of site, as also prescribed by the
2001 UNESCO Convention on the Protection of Underwater Heritage “UNESCO (2001)”, it is crucial
to work on the awareness of the new generations. In fact, since 2006 the CSI Gaiola onlus carries out
the environmental and heritage education project “The Sea of Naples” addressed to schools and, at the
same time, collaborates to study programs with Neapolitan universities. Since 2006 an always
increasing interest of students and teachers it has been recorded for educative programs aimed at the
acquisition of competences through a “learning by doing” approach (Chart 1).
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Chart 1

Despite this need of the schools, the accessibility of the MPA is limited because of logistic problems.
In fact, the accessibility of the underwater heritage requires a confidence with the marine environment
that not all the students naturally have. Particularly, snorkeling and SCUBA diving still have a limited
audience and most Italian teachers would not feel comfortable to let students practice these activities
under their responsibility. Moreover, due to climatic conditions, the request for didactic programs in
the MPA is mostly concentrated in the late spring and summer months, which is a problem for the
sustainable accessibility of the site.

At the same time, if it is true that the underwater heritage is still considered difficult to access, it is
also true that the increasing of the underwater tourism is always more in conflict with the preservation
needs of MPAs “Hawkins and Roberts (1992)2; “Agnesi et al. (2001)”; “Cattanco-Vietti and Tunesi
(2007)”, especially as regards special biocoenosis, Total Reserve Areas and areas particularly at risk of
damages related to mass tourism. As regards underwater archaeological ruins, there is deep knowledge
of the damages caused by human impact on archaeological heritage “Palumbo (2002)”.

Therefore, the Project “Sommergiamoci” was aimed at increasing the level of awareness, especially of
the young generations, on the archaeological and environmental heritage of the Park, by using
innovative technologies and methodologies which allow to have a direct dry dive experience of the
underwater environment in a non-invasive way. Moreover, the project allowed to experience and to
discover underwater areas where it is necessary to limit the access of the public for preservation needs
and could be a useful research tool both in the fields of archaeology and marine biology.

Partners of the Project were the Soprintendenza Speciale per i Beni Archeologici di Napoli e Pompei
(a local body of the Italian Ministry of Culture), as manager authority of the MPA,; the Science and
Technology Faculty of the University of Naples Parthenope and the C.d.S. on Biology of the Marine
Production of the University of Naples Federico II.

2. MATERIALS AND METHODOLOGY

The Project was aimed at testing an easy to use, high quality and low cost wireless audiovisual
transmission system from the underwater environment and a special room in the Researchand Visitor
Centre of the MPA (CeRD) from where students and visitors can virtually visit the underwater
environment of the MPA by observing in real time and with a 3D perspective the images filmed by
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SCUBA divers. During the observation, the visitors can interact directly with SCUBA divers guided
by archaeologists and biologists that are in the room in the Visitors” Centre (Fig. 2-2). The audiovisual
signals coming from the SCUBA divers can be seen in streaming, with the possibility to create a direct
connection with video conferences in Universities, schools,etc..

The Project started in 2015 and it was developed in three steps: 1) development of the audiovisual
transmission system and set up of the "underwater room" in the CeRD; 2) testing of the system with
target groups (visitors, school and university students, researchers;3) dissemination of the results.
During the first step, several transmission tests were carried out by using several wireless systems
(over IP, up-link dsng, JSCC) trying to guarantee the SCUBA diver to move easily in the space and to
easily use the transmission tools.

As regards the typology of the video signal, the aim was to use full HD 3D to give the audience a
better experience. The setting of the room was planned trying to give the audience the best possible
experience. For the second part of the project school and university students were involved; after the
test,the students had to answer an appreciation questionnaire, the answers were then used to improve
the system. The third step of the Project was the realization of a webpage, www.sommergiamaoci.it,
through which it will be possible, by entering a reserved section, to connect and to give students and
everyone who cannot access the MPA’s Visitor Center the chance to experience the underwater
environment.

3. RESULTS
3.1. Didactic activities

The test and set up part of the Project lasted 2 years, involving 1296 school students and 468
university students. At the end of the 2 years, the audiovisual 3D wireless system and the “Room
under the Sea” were ready to be used.

The technological tests lead to the development of a modular system constituted of: 1) SCUBA diver
with a 3D video cameralocated in a water proof diving case and full-face communication system; 2)
floating transmission module, connected to the SCUBA diver with a wire on which it is installed the
audiovisual system; 3) receiving station located on the roof of the CeRD and connected to the “Room
under the Sea” and equipped with a domotic system for the synchronization of the light and audio
effects of the underwater images (Fig. 2).
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Fig. 2: Synthetic representation of the transmission system "Sommergiamoci"

For the long distance wireless transmission of the 3D video signal the Connex FPV was used. The
system, created for drone flights, well adapted to the Project’s need, guaranteeing high quality
(1080p/60), transmission stability and very low signal latency (less than 1 ms). For the wireless audio
transmission from the underwater environment, an already existing Bluetooth system was adapted
which is connected to a mobile phone located in a water proof floating case. The whole system is
located in a small and light floating module connected to the SCUBA diver by a wire, which allows
the SCUBA diver to move around easily (Fig. 3).

Fig. 3: SCUBA diver using the floating module

The tests of the system gave excellent results. To all the students participating to the tests were
distributed questionnaires framed to evaluate the appreciation levels and to help to better implement
the system.

In the following charts the results of the surveys will be discussed.
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Questionnaire distributed to students
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M During the transmission, did you have the feeling of being underwater?
M Was the 3D vision entrataining?

M After this experience, woul you like to go SCUBA diving?

Chart 2

Chart 2 shows the answers to the questions on the perception of the 3D transmission and on the
appreciation level. 88% of the participants had the feeling of being for real with the SCUBA diver; the
97% of the students declared that the 3D vision helped to improve the experience and the 99,30%
stated that the experience let them think about the possibility to take the SCUBA diver licence. Also

the sounds and light effect implemented through a demotic technology helped to genereate a real
immersive experience.

Questionnaire distributed to students 1

$9,30%

38888

£

M Do you think this experienced improved your knoledge of the uderwater heritage?

M Would you like to know more about the marine environment?

M Would you reccomend this experience to family and friends?

Chart3

Chart 3 shows the results on the increase of knowledge and awareness on the underwater environment
of the participants to the tests.99,30% of the participants stated that the curiosity towards the marine

environment increased, and this is a very important result, since, often, as previously stated, the marine
environment is perceived as unaccessible and distant.

Page 52



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Questionnaire distributed to students 2
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Chart4

The last chart (Chart 4) shows the results to questions specifically addressed to test the technological
development and the transmission system. It is evident how, if the video transmission was excellent
since the beginning, there were some problems with the audio transmissions. In fact, it was necessary
to add an audio mixer in the room, to clean the sounds coming from underwater. It was evident that
SCUBA divers with a higher voicetimber could transmit a better sound than those with a lower voice
timber.

Fig. 4: Students participating to the "Sommergiamoci" Project

3.2. Research

The system was mainly developed to let young citizens discover the marine enviroment, but it proved
to be extremely useful also for research purposes. In fact, it is now normally used during the
monitoring campaigns of the MPA’s seabed, allowing the SCUBA divers to directly communicate
with the collegues on the surface. This system allows to improve the quality of the collected data
during the monitoring campaings, to produce higher quality images and to lose a lower quantity of
data.

3.3. Cultural and Tourism activities

The last test was targeted to a more general audience made of normal visitors, in order to evaluate if
the system can be used also with this kind of public to develop a less invasive system to let people
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visit the MPA. The target was made of both general visitors and SCUBA divers who well know the
feeling of a real SCUBA diving experience.The results of the two targets were very different (Charts5-
6).

SCUBA divers
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Chartss - 6

In fact, the answer to the question "Did you have the feeling of being underwater" was negative for
many of the SCUBA divers; nevertheless, a high percantage of the SCUBA divers enjoyed the
experience.

4. CONCLUSIONS

The project "Sommergiamoci” gave the Gaiola MPA an easy to use, low cost and innovative system to
improve the accesibility of the MPA in a non-invasive and sustainable way. Thanks to the “Room
under the Sea” there is the chance to have just 1 SCUBA diver for 35 people that do not have any
impact on the underwater environment and can experience and discover the underwater heritage of the
MPA. Moreover, the possibility to use the streaming allow to increase the people that can enjoy the
underwater environment with just 1 person SCUBA diving. Nevertheless, it is evident that the full 3D
HD system and the other technological tools help to have a better experience especially for those that
are in the “Room under the Sea”.

The system proved to be a very effective tool to let students almost directly experience the marine
environment and develop their level of awareness on the underwater environment, but it also proved to
be a very interesting solution to give all the people that not feel comfortable with the marine
environmentor that, will never be able to direct access the marine environment for health issues, to
experience the underwater environment.
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Moreover, the deveoped system can be a valid solution to make the underwater archaeological and
environmental heritage accessible, even if, for special preservation needs, people cannot have a direct
contact with it. Finally, the system proved to be extremely useful as a support for the scientific and
monitoirng activities constantly carried out in the MPA.

The hope is that the development of this kind of approach will increase, also by sharing the results of
this project, since the need for a more sustainable way to approach our heritage is highly needed,
especially in very delicate and fragile environments. Moreover, it has been proved, also by other
experiences, as the one of Arles “De Vivo (2018)”, that increasing the awarness of local population on
the importance of preserving the underwater heritage is fundamental for the sake of its preservation
and that, very often, the lack of awareness is simply due to a lack of knowledge that can be solved,
even for difficult to access sites, thanks to models as the one presented with the “Sommergiamoci”
project.

Finally, it is important to remark that the “Sommergiamoci” Project could be considered a good
practice to fulfill one of the prescription of the 2001 UNESCO Convention on the Protection of the
Underwater Heritage. In fact, as written in Rule 1: “The protection of the underwater cultural heritage
though in situ preservation shall be considered as the first option. Accordingly, activities directed at
underwater cultural heritage shall be authorized in a manner consistent with the protection of that
heritage and subject to that requirement may be authorized for the purpose of making a significant
contribution to protection or knowledge or enhancement of underwater cultural heritage”, “UNESCO
(2001)”. The project also fulfills the aims of the Council of Europe 2005 Faro Convention on the
Value of Cultural Heritage for Society, which insists on the importance that cultural heritage is
recognized as such by the living communities.This is a point we totally share, since it is fully
recognized that aware and well informed citizens are the best guardians of both environmental and
cultural heritage. Moreover, cultral heritage, without a communithy that appreciate and understands its
value simply becomes none’s heritage.

The “Sommergiamoci” Project proved to have very good results in terms of increasing of the in situ
accessibility of the site, sustainable access of the heritage and increasing of the awareness on the local
population. Further studies will be carried out to test, through the years, the positive effects of the
increase of citizens’ awareness on the preservation of the environmental and archaeological heritage.
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Abstract: Although, the underwater environment is of great scientific interest regarding all
fields of marine research, it has not been exploited broadly yet for cultural and tourism
purposes. At the same time, technology in the fields of virtual and augmented reality has
undergone considerable development by providing technical solutions for environments that
their modelling has been problematic or non-operational for a variety of spatial scales. To
this end, we report on our recent progress in developing an integrated interactive framework
for exploring natural (augmented reality) and virtual (virtual reality) environments in regions
of touristic and environmental interest (eg. Submerged cities, shipwrecks, sunken harbors
and diving parks, marine parks etc.) in order to enrich travel experience and promote specific
and diverse forms of tourism. In particular, the designed solution combines high-resolution
data acquired and processed with state-of-the-art technologies (swath mapping systems,
underwater vehicles, unmanned aerial vehicles) so as to create a synthetic topographic relief
basemap and to analyze all its particular geomorphological and ecological structures as well
as anthropogenic interventions. Moreover, through a set of special designed tools for
multimedia content management, it is possible to write narrative scenarios and produce
interactive experiences in virtual reality. In this way, users are able to assimilate to real (or
even imaginary) environments through different media (e.g., tablets, virtual reality glasses,
etc.). The integration of research knowledge into interactive narrative systems will
furthermore result into the development of innovative research and teaching products to
promote the complex, challenging, magnificent underwater environment and also to attract
tourists of general or special interest. The developed digital platform, named
VIRTUALDIVER, will enable users to navigate virtually in environments accessible only by
underwater vehicles and in cost-intensive, research and scientific missions and make known
the underwater cultural heritage.

Keywords: digital platform, underwater experience, virtual reality, cultural heritage

1. INTRODUCTION

The Greek seabed is rich in biodiversity and has intense geomorphological structures, while numerous
shipwrecks exist there as well as immersed infrastructure and ancient harbours, which, although are of
huge touristic interest and are the subject of specialized scientific research, have not yet been
highlighted. Although there have been attempts to promote submarine areas in the past, most of them
are audiovisual productions such as documentaries, which are usually implemented by foreign
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corporations (for example, the underwater village of Pavlopetri in Laconia, the shipwreck of
Antikythera etc.) (Mahon et al., 2011; Christopoulou et al., 2012).

The use of new research knowledge and innovative technologies to promote the Greek seabed, as well
as the free access to scientific data and the transfer of scientific knowledge to the general public, is
now possible and can lead to the development of new tourism products, services and activities, which
can later attract tourists of general and / or special interest. At the same time, the introduction of
virtual and augmented reality technologies into the particularly interesting and hardly accessible
underwater environment is a challenge for the niche market and creates new investment opportunities.

VIRTUALDIVER aims at designing and developing a complex Digital Platform -initially- for the
promotion of the underwater wealth of Greece using new technologies. This product will be a tool for
supporting businesses and professionals operating in the field of Culture and Tourism, enhancing
special aspects of tourism such as cruises, diving, scientific and other. The platform will use digital
bathymetric data, data from Remotely Operated Vehicles (ROVs), as well as topographic terrestrial
photogrammetry data from unmanned helicopters (drones) to synthesize 3D digital images of specific
areas of tourist interest in high resolution. We will write narrative scenarios and produce interactive
experiences. The platform will be able to assimilate real (or virtual) environments with the help of
different media such as tablets or virtual reality glasses, as well as more specialized peripherals.

The Santorini volcanic complex was chosen for the application of the interactive platform, for several
reasons. It is one of the most visited destinations in Europe. It is a unique “open geological museum”
with the largest caldera in the world. The Minoan eruption that took place in 1615 BC is the largest of
the last 10,000 years and is among the most famous eruption across the world (Freidrich et al., 2006).
The caldera has always concealed the legend of the "Lost Atlantis" and gives birth to new volcanic
eruptions. The Kolumbo submarine volcano, 7 km NE of Santorini is the most active in the entire
Mediterranean Sea today (Nomikou et al., 2012).

This project aims at the following:

e The development of an innovative product for the provision of specialized services in tourism,
with emphasis on marine, diving and cruise tourism.

e The combination of research results of underwater surveys along with terrestrial data and their
exploitation in the creative — cultural industry.

e The creation of a complex Digital Platform for the realization of Virtual Experiences and the
narration of various narrative scenarios.

e The development of a Mapping System and 3D Visualization of the underwater area,
emphasizing on the interpretation of the geological / geomorphological structures of the Greek
seabed and its spatial connection to the coastal surface for the needs of Virtual and Augmented
Experience.

2. METHODOLOGY

Within the framework of the proposed project, Geomorphology, Photogrammetry, Computer Vision
and Human-Computer Interaction will be combined.

Until today, a typical problem with adoption of technologies (VER) in mass applications is the cost as
well as the simulator sickness, which is due to the lack of visual preciseness of the virtual environment
and the poor computing capabilities of portable devices that cause image and conception incongruity.
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In VIRTUALDIVER, we will deal with specific conditions in relation to the current level of
innovation due to the underwater environment, which we will work out through single bottom
mapping in areas of interest, accurate 3D reconstruction of details and high-resolution texture.

For the Mapping System and the visualization in VR the following will be developed : i) methodology
and the system of collecting heterogeneous-bathymetric, visual and multi-spectral data, ii) novel
Structure-from-Motion algorithms taking into account the refraction for 3D reconstruction of
underwater images and adopting incremental approaches to deal with a large number of images, iii)
co-registration algorithms to combine heterogeneous data for the creation of novel texture for the
reconstructed 3D models and photomosaics, iv) classification of multispectral data using deep learning
algorithms for recognizing geological materials. In addition, Augmented Reality applications will be
developed for the coastal areas, the quality of which is a function of the detection process and
"rendering" on a screen.

In particular, the extensive mapping of the seafloor will be conducted with high-resolution bathymetric
systems (multibeam systems), whereas the acquisition of optical and multispectral data with
submarine and aerial remote-controlled vehicles (ROV and UAV), which can accurately capture the
volcanic geomorphology and the steep internal slopes of Santorini’s caldera. The 3D Virtual
Representations (single elevation model, 3D detailed models and RGB and geological maps) will be of
a high-resolution but simplified geometric structure in order to constitute the detailed background of
the Interactive Platform for the implementation of Virtual Experiences (Fig.1).

Visual

Geological P i
of the specified area & Management
::nllom a
onshore-offshore > Terrains
Scientific data (Unity 3D)

Interactive technologies,
tools and practices
for VR/AR/MR environments

« virtual reality
= augmented - mixed reality
+ multimedia

Fig. 1. The overall structure of the developed VIRTUALDIVER framework

Aiming to a both photorealistic and accurate digital representation of the Santorini’s terrain in a VR
environment, our team have developed a robust and fast workflow to capture, integrate and combine
geospatial data of different modalities. The proposed methodology initially considers the needs of the
User and the essential characteristics of the desired geospatial background, the 3D models on it and
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the other required figurative products. Existing geospatial data were also exploited. In particular,
bathymetric data (Nomikou et al., 2014;2016; Hooft et al., 2017) and imagery from ROV missions
(Carey et al., 2013; Camilli et al., 2015), both provided by previous works of the team, and open
source data as well (EMODnet data) were used for the off shore 3D model. Regarding the on shore,
SRTM, satellite imagery from the WorldView4 and LIDAR data describing Kameni Island were
combined (Nomikou et al., 2014). The mentioned dataset was exploited in order to create a truly
detailed and of high accuracy 3D model of Santorini Island which later was processed in Unity3D

(Fig. 2).

Innovative methods developed by our team for drone imagery collection and processing were applied
and ROV missions with top-notch camera equipment are on-going. This will lead to a more accurate
3D reconstruction of high interest scenes. In addition to this, GNSS measurements provide the
necessary georeference of the 3D models and later will assist the matching between the Points of
Interest in real world and the VR environment. Finally, panoramic images and videos add a rather
realistic point of view for the User into the VR environment.

The methodology developed by our team consists of three main steps. Initially, bathymetric and
SRTM data were scaled down to meet the smallest resolution of our dataset (LIDAR). Afterwards, the
elevation data is combined based on the slope of the relief which also considers a buffer area aiming to
a smoother terrain. Although this minimizes the spikes and the steep effects on the terrain, it can lead
to ambiguities, so particular attention is required. Finally, the surface data and the WorldView4
imagery are combined applying the well-known nearest neighbour matching technique leading to the
final terrain background (Figure 3).

Then, images captured by drone and ROVs using open-source 3D reconstruction software (Colmap,
Meshroom), combined with algorithms which our team’s team have developed in the past, were
processed. The result is exceptional and gives a detailed representation of parts of the island’s points
of interest (Figs 4 and 5). Panoramic views and videos complete the visual representation of the
Santorini Island.

Fig. 2. WorldView4 imagery combined with surface Fig. 3. Combination of bathymetric (Nomikou et al.,
data. 2016; Hooft et al., 2017), LIDAR and SRTM data.
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Fig. 4. 3D reconstruction of ROV images. Fig. 5. 3D reconstruction of Oia village.

In VIRTUALDIVER, the platform is being developed on the Unity 3D technology, one of the most
widespread platforms for designing, development, and implementation of interactive 3D
environments, and will consist of two interconnected systems:

(i) management of 3D terrains and their relevant metadata

(i) implementation of narrative scenarios. The aim is the management unit of the 3D terrains to be
able to import and manage single seabed and terrestrial topography, while subsequently the interactive
platform will be able to provide a range of tools to produce interactive experiences. These tools will
offer the ability to manage multimedia content in a simplified way without requiring specialized
programming skills. For this purpose, a methodology for implementing an interaction template library
(interaction templates) will be developed based on the use of visual programming scripting (drag- n-
drop visual scripting).

The most important advantage of using visual programming is the commonly accepted way of
managing multimedia by an experienced design team composed of many different scientific fields.
The library will offer the possibility of managing (add new / edit / delete) the ways of interaction with
visual material both on different media (tablets, virtual reality glasses, as well as more specialized
peripheral devices) and in different environments (virtual reality, augmented reality, etc.).

VIRTUALDIVER aims to: i) massive development and dissemination of virtual experiences of coastal
and underwater space by creating a composite digital Interaction Platform, ii) differentiate the product
in relation to the international standards, and iii) promote the underwater environment and innovative
technologies as essentials to map the coastal and, above all, the marine space, enhancing experiences
through the geological interpretation of the volcanic relief of Santorini.

3. DEVELOPMENT PROGRESS AND RESULTS
3.1. Defining Functional and Technical Specifications of the Platform

The functional requirements of the end users of Virtual Experience have been recorded and analyzed
based on international experience, the Companies’ experience in related projects, and the Advisory
Committee's view. Within this frame, the expectations of the User related to his virtual Tourism-
Cultural interests and the forms of interaction that are currently available with Virtual and Enhanced
Reality devices have been recorded.

3.2. Technical Specifications of VIRTUALDIVER Platform

Page 61



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

The technical specifications of the Interaction Platform and the Geomorphological Mapping System
and 3D Visualization System have been determined. In this delivery, one-to-one operational
requirements of the Functional and Technical Specifications of the Platform have been met, as well as
the technical requirements for accurate and spatial data analysis, interaction files connecting the work
packages, device capabilities, etc.

3.3. Website

For the dissemination and publicity needs of VIRTUALDIVER, an appropriate Project Website has
been created, to promote the activities and outputs of the project (www.virtualdiver.gr) and also all
public deliverables. Additionally, website will communicate directly a Twitter, Slideshare and
Facebook page, using the “Network Publisher” plugin for WordPress.

3.4. Planning and collection of heterogeneous data

Planning and collection of heterogeneous seafloor, coastal and onland data (ROV, UAV). The main
data is multi-spectral and RGB, and at the same time other receivers for georeferencing and mapping
of heterogeneous file data (EMODNET data, Copernicus Marine Services, etc.) have been deployed as
well as geological data.

3.5.  User Interface Design

This section concerns the concept, the design and the development of a user interface (GUI), taking
into account best practices of User Experience (UX) modelling in the sectors of 3D interactive
representations and story-telling. This task refers both to the “3D World” management and scenario
implementation modules of the platform, as well as to the part of the platform with which end-users
will interact with. It includes the set of widgets that appear on the screen of each digital device (e.g.
PC, Tablet, VR Headset) and can be used to interact with this device.

3.6. Creation of geo-ecotourism scenarios, educational material and productions and their
interconnection through the interactive platform

Narrative scenarios, multimedia educational material for selected points of interest, and a series of
dramatized productions are being created to be used to produce interactive experiences.

4. DISCUSSION AND CONCLUSIONS

VIRTUALDIVER intends to promote technical and financial constraints on the creation of Virtual
Experiences in the exciting submarine world, in order to be an attractive entertainment and cultural
product that will be deployed by tourism and cultural institutions in Greece. The proposed approach
concerns the development of an Interaction Platform that will simplify the process of implementing
the Integrated Virtual Experience - narrative scenarios, productions and educational material — on the
one hand for non-experts and, on the other hand, the creation of geospatial backgrounds and 3D visual
information. The Interaction Platform will be fed by the innovative Mapping System and 3D
visualization of submarine areas with an emphasis on the interpretation of
geological/geomorphological structures and the spatial connection to the coastal area for the needs of
Virtual and Extensive Navigation. The digital platform is based on the unique, complex and extremely
interesting volcanic area of Santorini, which is of great value as a tourist product.
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The contribution of VIRTUALDIVER to the sector of "Tourism, Culture and Creative Industries™ is
crucial, as it addresses private (or non) operators with an innovative B2B service in order to boost their
commercial value through the creation of a unique tourist product - experience of impressive virtual
environments. Moreover, it will establish a new approach to promoting the cultural and environmental
supplies through enhancing special forms of tourism. Regarding the underwater environment, which is
hardly accessible to the average visitor in Greece, VIRTUALDIVER will serve as a mediator for the
perception of this particular aspect of the world that surrounds us.
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Abstract: Conducting deep-sea surveys beyond the Territorial Waters of a state for
Underwater Cultural Heritage (UCH) is often beyond the capacity of national heritage
agencies and university-based researchers due to its great expense. The result of this is that
research in maritime archaeology has largely been focused in more ‘convenient’ and
‘accessible’ areas such as the shallower waters of the Territorial Seas. This is unfortunate as
several pioneering projects have demonstrated that UCH finds are possible both in the
waters of the Exclusive Economic Zone (EEZ) and beyond. Many more are likely to exist,
the majority of which either remain unexplored or are potentially under threat from illegal
salvagers and other commercial-sector companies. Nevertheless, it is the intention of this
paper to demonstrate that is possible to conduct research, and hence disclose new and
unpublished information regarding UCH in the deep seas by taking advantage of datasets
produced by the oil and gas industry and other commercial sector companies. This approach
is in its infancy and as a result of this, national heritage agencies are yet to fully exploit the
potential in fully utilising deep-sea UCH datasets for outreach purposes. Consequently, the
second element of this article is to present previous projects pertaining to the management,
accessibility and outreach for deep-sea UCH sites.

Keywords: UNESCO, “in situ” visits, sport divers, raising awareness, Roman Shipwrecks
1. INTRODUCTION

Deep-sea exploration for the purpose of detecting natural resources in the EEZ of Cyprus and the
wider Eastern Mediterranean Sea is on the rise. This is principally because it is now economically and
technically feasible to exploit oil and gas fields situated in more extreme, hostile, and hard-to-reach
environmental conditions (Shukla and Karki, 2016). Consequently, the oil and gas industry has been
increasingly focusing on detecting untapped deep-water fields to keep up with the ever-increasing
demand for energy. In the Eastern Mediterranean Sea, this has been ongoing since Israel discovered
the first natural deposit in 2009 (Ratner, 2016). Subsequently, a series of deep-sea Natural Resource
Surveys (NRSs) have followed, leading to the discovery of the Aphrodite and Glafcos-1 deposits
within the EEZ of Cyprus in 2011 and 2019 respectively (Fig. 1, blocks 10 and 12), as well as the
Zohr deposit of 2015 in the EEZ of Egypt (ibid., 1). This is currently a rapidly developing field—in
the EEZ of Cyprus alone, from a total of 13 blocks available, 8 blocks are now licensed, and one is
pending geophysical survey. In addition, announcements in 2019 suggest that there are plans for at
least five additional geophysical surveys, in blocks 6, 7, 8, 10 and 11 (Fig. 1).

The discovery of two exploitable deposits so far, and the probability of discovering more, has
significantly enhanced the role of Cyprus in the Eastern Mediterranean Sea as an emerging energy hub
(Karbuz, 2012). From a maritime archaeological perspective, this raises the probability of new
discoveries of UCH in these deep waters and the opportunity for scholars to investigate them and
publish their results. For example, recent deep-water surveys for exploration and education purposes
have discovered UCH (Ballard, et al, 2017), demonstrating the potential for the extensive and
systematic NRS to reveal further sites of importance.

Unfortunately, while discoveries are made in the context of these surveys, a disconnect exists between
the wider offshore industry and academia that results in information about them not making the
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transition from data producer to the academic and public consumer. This has a negative impact on the
field of maritime archaeology since valuable information are either ‘lost’ within unreleased corporate
datasets or else are bound to remain ‘unknown’, concealed by confidentiality agreements between
companies and coastal States. This article concerns the EEZ of Cyprus and seeks to evaluate what the
current state of knowledge of discoveries of UCH are in this area. In addition, | will give account of
previous projects pertaining to the management, accessibility and outreach for deep-sea UCH sites.
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shows the state of oil and gas explorations in 2019 in the EEZ of Cyprus. Additional information about deep-sea
UCH discoveries. The information presented here is subject to alterations.

2. OCEAN EXPLORATION TRUST (OET) UCH DISCOVERIES IN THE EEZ OF
CYPRUS

In 2010 the American OET, whose president and principal investigator is Robert Ballard, conducted
two survey seasons in the EEZ of Cyprus for the purpose of recording the bio-ecological and
geological nature of the Eratosthenes Seamountl (Fig. 2). Although archaeology was not part of the
survey agenda, a wide array of scattered archaeological materials (mainly amphoras) were accidentally
recorded. In total, 70 isolated amphoras were surveyed (Ballard et al, 2017, 1), out of which 38 were
securely identified; the earliest amphora dated to the Iron Age (8th to 7th centuries BC) and the latest
to the Byzantine period (Cornwell, et al, 2013, 42). Adding to the catalogue of discoveries, two
shipwreck sites were noted and dated approximately to the 19th century (ibid., 30). From the results of
the 2010 survey expedition, it became clear that the Eratosthenes Seamount not only offered ideal
conditions for the preservation of UCH, but also confirmed it as an area of archaeological importance.
The result of this was that the 2012 survey agenda was expanded to encompass the recording of
archaeological materials, which marked the first deep-sea survey within the EEZ of Cyprus where
archaeological documentation was officially part of a project’s agenda. The survey lasted for nine
days, taking place between the 14th and the 25th of August of 2012, where the underwater seabed was
further surveyed via a deep-tow long-range side-scan-sonar (SSS), with the most promising targets
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being visually assessed using an ROV (Mitchell, et al, 2013, 37). As a result, 149 isolated amphoras
were revealed, out of which 91 were successfully dated from the Hellenistic to the Byzantine periods
(Cornwell, et al, 2013, 42). Additionally, a Hellenistic shipwreck, named Eratosthenes C, with roughly
100 visible amphoras and two pithoi was discovered and dated to the 4th to 5th centuries BC (ibid.,
43). The results of both expeditions of the OET were published (Wachsmann, et al, 2011; Cornwell, et
al, 2013; Ballard, et al, 2017), with Ballard’s article ‘Deep-water archaeological discoveries on
Eratosthenes’ being the only one to present all of the results in a coordinated manner. The generated
data from both of the expeditions were submitted to the author, by the Department of Geology Cyprus
(DoGC) and are included in a developing ArcGIS geodatabase of UCH finds in Cypriot deep waters
(Figs. 1 and 2). For further information about wreck-sites of Eratosthene C and Ottoman Pistol may be
found on YouTube2. Although it is clear that these videos introduce some information intothe public
domain, there are much more evidence and datasets remaining unpublished, understudied and unseen.

As these  pioneering
projects have
demonstrated, UCH finds
are possible in the waters
of the EEZ of Cyprus.
Yet, it is important to
note that despite the
potential demonstrated by
these projects deep-sea
UCH investigations in the
Levantine Sea are rarely
mounted. One possible
reason for this is that
deep-sea investigations
for the purpose of
surveying UCH are
notoriously  expensive.
Ballard in 2008 stated
that the operational cost
for using an ocean-class
research  vessel starts
from $20,000 cost per
day (CPD)’ (Ballard,
2008, 3), and increases
by $10,000 CPD,
depending on how many different geophysical technologies are used (ibid., 3). More recently, Sereide
proposed that the cost of a work-class ROV vessel and its crew begins at $50,000 CPD (Sereide, 2011,
21) and in some cases, depending on the complexity of the job, the cost can average up to $250,000
CPD (Krieger and Buxton, 2012, 272). Bearing these figures in mind, it is clear that cost constitutes
the principle obstacle to the development of deep-sea UCH investigations. For this reason, Bass
accurately points out that ‘because of the expense of excavating (or surveying) at great depth,
however, perhaps a new model is needed’ (Bass, 2013, 16): his statement is ground-breaking and acts
as a reference point for this study.

2.1 UCH discoveries in the EEZ of Cyprus during NRSs
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Besides deep-sea UCH discovered as a result of exploration activities by universities and research
institutes, many more important sites have been surveyed in recent years during the exploration,
development, and production of oil and gas resources. Globally, it is estimated that between three
hundred and four hundred shipwrecks have been discovered during oil-and-gas-related activities
(Sereide, 2011, 27; Ford, et al, 2010). This was first demonstrated in the Gulf of Mexico, when
Warren in 2007 published in detail the results of the geophysical survey of the Mardi Gras shipwreck
(Warren, et al, 2007). The site was accidentally discovered during offshore pipeline reconnaissance
and was then partly excavated as a part of a mitigation agreement between Okeanos Gas Gathering
Company and the US Minerals Management Service, with the results published in detail by Ford in
2010 (Ford, et al, 2010; BOEM, 2008). Since then several new shipwreck sites have been discovered
in the area as a result of NRS and other pipeline activities, with some of the results mentioned in
Warren et al (2007). With that in mind, it is worth asking: How does the oil and gas industry conduct
NRS and at which phase is UCH confirmed? Naturally this leads on to the question: Is the oil and gas
industry in the EEZ of Cyprus coming across more deep-sea UCH sites than have already been
published?

A NRS, in general, has two main phases to its workflow. Phase 1 entails a seismic survey (or seismic
data interpretation), which aims to narrow down specific locations where prospection drilling will take
place. For the specific locations selected during phase 1, a second phase of supplementary
hydrographic surveys via various geophysical means is undertaken. Technically, these include surveys
using multibeam-bathymetry-echosounder (MBES) with or without backscatter-data (Woods Hole
Coastal and Marine Science Centre, 2019, website), SSS (Burguera and Oliver, 2016), and sub-
bottom-profiler (SBP) (Woods Hole Oceanographic Institute, 2019, website). The purpose of these
localized-hydrographic-surveys is to determine the nature and character of the seabed and the subsoil,
and secondly to note, and hence avoid, any potential nearby geohazards. In addition, Quinn suggests
that these supplementary surveys are also conducted in order to define a wider ‘clear zone’ that is
topographically and geologically suitable for the installation of the anchors of the drilling platform and
any succeeding pipeline to connect the oil and gas field to a landfall site (Quinn, 2004, 26). Upon the
completion of this supplementary hydrographic phase, any potential unidentified or peculiar anomalies
(i.e. acoustic shadows and topographical irregularities) are noted and visually inspected either by
Remotely Operated Vehicles (ROV) or Autonomous Underwater Vehicles (AUV). It is in this ground
truthing phase that sites of UCH are confirmed.

The potential to conduct deep water research using geophysical and visual datasets derived from NRS
is an exciting one that offers a low-cost solution to a notoriously expensive form of maritime research
(Calvo, et al, 2009; Trobbiani, et al, 2018). This is because the data are already being produced by
companies operating in the oil and gas sector to which archaeologists and heritage managers simply
need to gain access. To demonstrate the potential of this approach, accidental finds from oil and gas
companies operating in the EEZ of Cyprus since 2011 have revealed three new shipwreck sites (Fig.
1) and approximately 30 scatters of materials. These wreck-sites along with the additional scatters of
materials are examined in the author’s DPhil thesis, where a detailed analysis of the observable cargo
is undertaken to propose an approximate date for the wrecking of the ships. The composition of the
cargo also provides information pertaining to the ship’s original route and possible destination. The
location of the sites as well as associated visual, photographic and geophysical data are managed in an
ArcGIS geodatabase, developed by the author on behalf of the Department of Antiquities Cyprus
(DoAC). For further information about the wrecks see the author’s DPhil thesis (lasonos, forthcoming)
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The interest of the oil and gas sector in deep-sea explorations will increase as new exploitable deposits
are discovered. Hence, this means that more surveys for natural resources, or other oil and gas related
activities (i.e. pipelines, cables etc.), are more likely to occur in the near future. Therefore, we are
facing a scenario where deep-sea explorations may lead potentially to new environmental, geological,
biological and archaeological discoveries. From that it can be stated that the size of the developing
ArcGIS-database of the author is expected to grow in the following years. So far, the DPhil thesis
‘Deep-sea Archaeology in the Exclusive Economic Zone of Cyprus’ has gathered a total of 1Terabyte
of data and includes: A) Data on six shipwreck-sites (of which five in the EEZ of Cyprus and one in
the EEZ of Egypt), B) Approximate 26 side-scan-sonar targets of high archaeological potential, in the
seas of Egypt, Cyprus and Israel, C) Environmental, geological and biological data (i.e. photographic
material) displaying the diverse nature of the Eratosthenes Seamount, D) Photographic material on 300
scatter materials (i.e. amphoras) and E) 290Gigabyte of geophysical datasets (i.e. multibeam-
bathymetry, SSS and Subbottom-profiler).

3. MAKING THE INACCESSIBLE ACCESSIBLE. DEEP-SEA UCH AND
OFFERING A DRY DIVE EXPERIENCE TO A WIDER AUDIENCE

The remoteness of the deep-sea leads to a heavy reliance on technology to provide the information
needed to carry out forefront research, and as equipment has improved over the years, we have begun
to see the deep-sea environment with increasing clarity’ (Cochonat, et al, 2007, 5). This is an ever-
changing field due to advances in control platforms such as Autonomous Underwater Vehicles
(AUV’s) and ROV’s, geophysical sensor machinery and software technology — much of it generated
within the oil and gas sector — and thus, has enabled higher resolution mapping in previously
inaccessible parts of the ocean, at depths up to 6000 m. This brings around 98 % of the world’s ocean
floor within reach and dramatically increases the possibility of discovering deep-sea shipwreck sites
(Foley and Mindell, 2002). From an outreach perspective, the very same technology used for scientific
deep-seabed surveying (i.e. ROV video recording or AUV geophysics) has also been utilised to
provide in situ public access to deep-sea UCH (Ballard, 2008).

3.1. Live streaming and underwater CCTV

ROV technology for outreach purposes was first utilised in 1989, in the central Mediterranean Sea,
when Robert Ballard conceived and directed the JASON Project for the education of students in the
sciences and archaeology (McCann and Oleson, 2004; Abbott, et al, 1997). The JASON Project
involved the survey and excavation of a 5th century Roman trading ship sunk in approximately 1000
metres of water, at an area known as the Skerki Bank. The live broadcast was presented through the
lens of the most up-to-date communication technology and was transmitted through a network of
universities, museums, research institutions and other centres to an audience of schoolchildren.
According to McCann and Oleson, the broadcast reached some 225,000 children in both USA and
Canada, and inspired the education of students through real science and exploration during a period
when ‘it was not fashionable to study science at school’ (Abbott, et al, 1997, 111; JASON Learning,
2019, website). From a technical point of view, the JASON Project has successfully demonstrated that
deep-sea UCH can reach out to a wider audience via telepresence technology; to this day, it remains an
invaluable concept and has been successfully applied in numerous deep-sea UCH exploration projects
(i.e. Nautilus Live, 2019, website; Ballard, 2008; Schmidt Ocean Institute, 2019, website). Since 2018,
live streaming has been implemented in social media platforms (such as YouTube, Facebook and
Instagram), providing deep-sea survey teams the opportunity to combine both live streaming and
social media presence. As such, deep-sea survey companies such as the R/V Petrel3 and the Schmidt
Ocean Institute4 have adopted this model and have been broadcasting their expeditions live through
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social media pages, reporting an overall public following of more than one million, with an average
audience ranging roughly around forty to fifty thousand people per live streaming (R/V Petrel, 2019,
personal communication with author; Schmidt Ocean Institute, 2019). Such outreach is impressive for
companies with only thirty-five thousand followers; and implies that Ballard’s idea of live streaming,
provides a new opportunity for public relations and outreach. Indeed, social media live streaming
makes it possible to outreach to a wider audience, yet it also makes it necessary to redirect the
audience keen in knowing more to other educational and possible interactive platforms (i.e. virtual
museums and thematic maps).

With advancements in satellite communications, live broadcasting from the deep seas has become
mainstream. Since 2003, scientists of the Institute for Exploration have been capitalising on the
potential of live streaming, in an attempt to develop new ideas for public access, management and
monitoring (Ballard, 2008). In 2004, after rigorous research and systematic planning the Immersion
Institute project installed the first underwater CCTV in approximately 15 m of water at the National
Marine Sanctuary in Monterey Bay, California. The project began when two stanchions were placed
underwater to support the setting up of a small ROV which carried LED lights and a colour video
camera. A fibre-optic cable powered the ROV and enabled live transmission and operation from a
shore-side hub. According to the OpenOceans Global website, the CCTV system was installed to
monitor the kelp forest in order to identify and better understand potential changes in the ecosystem
(OpenOceans Global, 2019, website). The overall goal of the National Marine Sanctuary telepresence
network is to ensure long-term preservation of the site, as well as to provide public access for both
natural and cultural sites beneath the sea (Ballard, 2008). Due to the project’s success, a new
collaboration with the OpenOceans Global5 non-profit organisation and the National Oceanic
Atmospheric Administration (NOAA)6 in 2006 authorised similar telepresence networks on coastal
locations, underwater and deep seas sites, on research vessels, aquariums and other ocean-related
places. The live network is accessible via OpenOceans Global website under the tab ‘Ocean Web
Cams’ and provides live streaming access to roughly 70 different sites, with approximately half of
them related with marine life or the underwater environment. The potentials of underwater CCTV are
enormous and can lead to new strategies for safeguarding UCH. As the technology develops further,
we can only be optimistic that live streaming and CCTV will be used to monitor deep-sea heritage
sites, so as to ensure long-term safeguarding, preservation and public accessibility to imperative sites
such the RMS Titanic, the Thermal Dome of Costa Rica, the hydrothermal vents of Pescadero and the
Eratosthenes Seamount.

3.2. Thematic Maps and Databases

Besides live-broadcasting and CCTV monitoring, outreach projects have effectively demonstrated that
Geographic Information Systems (GIS) can recreate an informative and educational experience for a
wider audience. Rooted in the science of geography, GIS allows users to explore thematic maps by
selecting spatial attributes (i.e. coordinates) and reviewing non-spatial data/information (i.e. videos,
photographs, reports etc.), while navigating in an interactive environment as presented from satellite
imagery and geophysical data (Conolly and Lake, 2006).

There are several shipwreck databases online, with each one of them offering a different interactive
experience. This depends on parameters such as: what is the purpose of the database, what is the target
audience, as well as what technologies were available when the database was developed. For instance,
The Oxford Roman Economy Project7 is the largest and most informative open-access shipwreck
database on ancient wrecks, listing more than 1,700 sites. It was developed from 2005 to 2010 and
addresses the fundamentals of the Roman economy using quantifiable bodies of archaeological data
from the Mediterranean world (The Oxford Roman Economy Project, 2019, website). Furthermore, it
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has also been proven to be a valuable source for data submission, management, and archiving, since
seven additional databases related to the general theme of the Roman Economy have been added since
2006 (ibid). Based on the fundamental principle of ‘dot mapping’ and information reading, the
database provides a very basic but user-friendly experience to its audience. However, because the
database targets academics, the interactive visual and storyline component has been replaced with the
visualisation of qualified data and the exporting of information in map, table and chart formats. So far
fourteen books and numerous articles have been published and seventeen conferences have been
organised, highlighting quite effectively that the database has been very popular among academics but
less favoured by the general public.

The interactive component is essential for reaching out to different audiences. As such, map
navigation, clicking on spatial data, viewing images and videos and reading information has become
more or less the conventional approach for developing open access interactive maps for reaching out
to the general public (i.e. Australian Ocean Data Network8, the Marine Geoscience Data System9,
‘SQUIDLE+’10 etc.).
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Fig. 3: shows the interactive map of the Forgotten Wrecks of the First World Warwitha 3D model of a
shipwreck site. Screenshot via https://map.forgottenwrecks.org/[accessed 21-05-2019]

The database of the ‘Forgotten Wrecks of the First World War’ (FWWI) has shown that it is possible
to provide an even more hands-on, immersive experience to interactive maps by associating spatial
data with 3D models. Funded by the Heritage Lottery Fund and developed by the Maritime
Archaeology Trust between 2014 and 2018, the FWWI database aims to raise the profile of British
naval history by presenting shipwreck sites of the Great War from the south coast of Britain.

The database includes ‘merchant and naval ships, passenger, troop and hospital ships, ports, wharfs,
buildings and foreshore hulks which are often unrecognised and unprotected and have been degrading
and deteriorating due to natural and human processes, for approximately 100 years’ (Forgotten Wrecks
of the First World War, 2019, website).

The FWWI interactive map is based on the conventional ‘dot mapping’ system, in which spatial data
are linked with non-spatial attributes in 9 different tabs. Each tab contains accumulated research
including photos, geophysics, video and 3D models on the wrecks and sites from the project. By
selecting the ‘3D model tab’, a small window appears on the right-hand site of the screen and loads the
model through Sketchfab (Fig. 3). The models are usually interactive, allowing free navigation around
them, zooming in and out on features, and selecting hotspots which contain specific information about
each wreck. Overall, FWWI provides a very real educational and outreach experience to its audience
with some immersive components. It puts forward an updated model for interactive maps and brings
together the traditional ‘dot mapping’ system and the new immersive 3D experience.
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3.3. Virtual Museums/Tours

Recent advancements in 3D modelling and virtual reality (VR) provide a unique opportunity for
digital accessibility of deep-sea UCH sites both for scholarly and outreach purposes (Liarokapis, et al,
2017). This is because VR allows the user to enjoy a highly educational and hands-on experience
while being in an immersive virtual environment from his/her device, thus making ‘cultural heritage
digitally accessible, especially when physical access is constrained’ (Bekele, et al, 1). A good example
demonstrating this is the Virtual Archaeology Museuml11 (VAM) for deep-sea UCH developed by the
Bureau of Ocean Energy Management12 (BOEM), USA. The VAM was lunched in the second quarter
of 2019 and presents five shipwreck-sites which were discovered in the course of oil and gas
exploration (BOEM, 2019, website) and were resurveyed in 2012 during the Okeanos Explorerl3
expedition. The VAM presents the results of this expedition in high-quality interactive 3D models
with hotspots, videos, photographs and mosaic-maps— suggesting that deep-sea UCH when
discovered by the oil and gas industry and resurveyed in detail with the appropriate technology can be
advanced to an immersive by-product for outreach and education. BOEM’s VAM has demonstrated
that in situ deep-sea UCH can provide a memorable, informative and highly interactive experience and
indeed it has successful captured a new level of immersion, as it has managed to increase the curiosity
for maritime heritage, and it is expected to promoted an appreciation about the importance of deep-sea
UCH to millions of users worldwide (Bekele, et al; UNESCO, 2019, website). Both the VAM and the
FWWI present components appealing for public outreach, demonstrating quite effectively that deep-
sea UCH accessibility goes together with education and awareness.

4. CONCLUSION

In this article I argued that academic studies regarding the deep seas are possible only when datasets
can make the transition from data producer to academic and public consumer. In this instance, because
datasets are making this transition, it is therefore necessary to utilise them in the context of an outreach
project. The projects evaluated above suggest that outreach for deep-sea UCH can be done quite
effectively through interactive maps, 3D modelling and virtual museums and indeed, this could also be
the case for the deep-sea UCH of Cyprus. Ideally, utilising the data along the lines of the
aforementioned will make it possible to raise awareness and promote public outreach on both local
and European levels in regard to the rich and diverse heritage of the deep seas of Cyprus.
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Technological protection of an underwater archeological site; a newly
discovered Roman shipwreck from the 1st century BC, on the island of Pag,
Croatia

Vedran Dorusi¢!, Matko Cvrljak?
! Foka Ltd. Croatia

2Museum Lolland-Falster, Denmark

Abstract: Underwater archaeologists, in their efforts to explore and present archaeological
sites, must balance multiple competing factors to successfully excavate a wreck.
Archaeological research with scientific integrity requires control and protection of a site;
however, public access and information are important to build local support as well as to
establish a broad financial foundation. One recurring problem is how to protect a site from
the threat of unauthorized visits. The ability to continuously monitor a site before, during
and after an archaeological intervention would maintain site integrity, preserving cultural
heritage for future generations. The aim of this paper is to present an idea for using a new
approach and technology in the protection and monitoring of Underwater Cultural Heritage
sites. The paper will emphasize the importance of an interdisciplinary approach to maximize
tourism potential while minimizing the risk to the site. A newly discovered Roman
shipwreck from the 1% century BC, located near cape Letavica on the Croatian island of Pag,
will be used as the case study.

Keywords: Underwater Cultural Heritage, 1% century BC Roman shipwreck, in situ
preservation, acoustic sensors, monitoring.

1. HISTORY AND PRATICE IN PROTECTION OF UNDERWATER CULTURAL
HERITAGE IN CROATIA

Based on the principles of the 2001 UNESCO convention, protection of underwater cultural heritage
through in situ preservation shall be considered as the first option. Additionally, activities directed at
underwater cultural heritage shall be authorized in a manner consistent with the protection of that
heritage, and subject to that requirement, may be authorized for the purpose of making a significant
contribution to either protection, knowledge or enhancement of underwater cultural heritage.®

The Republic of Croatia has practiced the protection of typologically similar underwater sites
(shipwrecks with amphora cargo) using physical protection in the form of a metal cage installed over
an entire wreck site (Fig. 1). This practice was even included in the UNESCO manual for activities
directed on Underwater Cultural Heritage. However, the cages prevent access for systematic
archaeological research, while sea growth on the cages blocks visibility, detracting from a visitor’s
experience. Additionally, the cages are expensive and require maintenance; they are not the perfect
solution.°

i MAARLEVELD et al. 2013.
10 RADIC ROSSI 2014.
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Fig. 8: Position of the underwater cages and chronological order of the construction. (I. RADIC ROSSI and V.
DORUSIC, 2018, 12, Fig. 13).

One of the reasons why experts decided to protect underwater sites with this type of protection is
connected to the idea that these sites can be used as diving attractions and managed through the system
of diving concessions. Diving concessions, offering access near specific caged wrecks to only one
diving center for a fee, were created as a system that could be used to control the total number of site
visitors, in hopes of building a self-sustainable system that can generate money to be used as a further
investment in Underwater Cultural Heritage sites. In the case of the Croatian cages, a general problem
was the fact that while eight sites were protected in this way, only one is used by local diving center
through the system of diving concessions. The major reason for this and the biggest problem to
overcome is that the majority of site locations are very far from normal diving routes and trails. Also,
another problem arose with cage maintenance and general cage life span. The cages rapidly corroded
and also became thick with sea growth. Many times, divers and archaeologists visiting the sites
informed government officials about the cage conditions. Some of the cages were replaced, but the
corrosion and sea growth continued on the new cages (Fig. 2).1

11 RADIC ROSSI 2014

Page 75



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Fig. 9: Underwater Cultural Heritage site Pli¢ina Velika near Cavtat, Croatia, protected by the metal cage. Cage
is covered with the sea growth (photo: D. Frka).

2. ROMAN SHIPWRECK FROM THE 15T CENTURY BC; NEW CASE STUDY IN
THE PROTECTION OF AN UNDERWATER ARCHEOLOGICAL SITE

In the summer of 2018, Croatian institutions in charge of cultural heritage got a rare opportunity to
develop and use a new approach in the protection of submerged cultural heritage. The discovery of a
Roman shipwreck dated to the 1st century BC on the island of Pag near a local scuba center
highlighted the problem of combining site access, archaeological research and site preservation.

2.1. Finding a 1%t century BC Roman shipwreck site

The Island of Pag is abundant with archaeological sites from various periods of time, among which the
Roman sites are particularly notable. Judging by the writings of the Roman scholar Pliny the Elder,
who wrote the Encyclopedia of Natural History in the 1st century BC, during ancient times the Island
of Pag was called Cissa or Cissa Portunata, i.e. Cissa naturally endowed with a port. Although it has
not yet been proven that the adjective 'portunata’ in Pliny's work undoubtedly refers to the Island of
Pag, the geographic and geomorphological features of the island support this assumption.!2

A very active seafaring role of the Island of Pag was confirmed when a new Roman shipwreck site
from the Ist century BC was discovered in 2018 by Vedran Dorusi¢, the owner of local diving
company and the president of the Diving Tourism group in the Croatian Chamber of Commerce. Since
2007, Dorusi¢ has been working and participating in various archeological projects involving ancient
shipwrecks, so he was very aware of the importance of his find.

His first reaction was to notify the authorities about the new discovery. To ensure a prompt response
from responsible institutions, preliminary studies of the archeological site were quickly performed,
including measurements and recordings to archaeological standards. Video footage and preliminary
3D documentation were delivered to the local Conservation department in Zadar. After receiving these
materials, the Conservation department in Zadar sent an expert archaeologist to confirm the find, so

12 R ADIC ROSSI and DORUSIC 2018
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the newly discovered shipwreck site could be registered, and preliminary protection put into place

(Fig. 3).
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Fig. 10: The Island of Pag with the Letavica shipwreck site position.

The next step was to gather interested parties to formulate a plan for the project. After meetings in the
Ministry of Culture, the local authorities and governmental bodies decided to encourage cooperation
between different institutions. The inclusion of multiple institutions generated valuable discussion
regarding possible project goals. Ultimately, the first task in the new project became how to create an
alternative workflow to more effectively deal with the old problem of site protection using new
technologies. A preliminary campaign to validate site potential was planned for October 2018.

2.2. Preliminary campaign in October 2018

Preliminary research was carried out in cooperation with underwater archaeologists and experts from
the University of Zadar, the Croatian Conservation Institute from Zagreb, the Archaeological Museum
of Zadar and the UNESCO International Center for Underwater Archaeology (ICUA) in Zadar.
Logistic support was provided by tourist Camp Simuni on the island of Pag and by Foka Ltd dive
company.

The shipwreck site lies at a depth between 37 and 39 meters, on a sandy bottom at the edge of a rocky
slope about 130 meters from shore. The site consists of a group of about 400 visible amphoras,
typologically classified as the Lamboglia 2 type, present in several variants (Fig. 4). Judging by the
basic shape characteristics, these amphoras can be dated to the 1st century BC, i.e. at the time of the
late. Roman Republic. The amphoras are mostly intact, covered with sea adhesions and accreted
together. Only a small number are slightly offset from the main concentration of the finds.!3

13 RADIC ROSSI and DORUSIC 2018
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Fig. 11: Preliminary work and documentation on Letavica shipwreck site. The site consists of a group of about
400 visible amphoras, typologically classified as the Lamboglia 2 (I. RADIC ROSSI and V. DORUSIC, 2018, 5,
Fig. 2).

About 38 meters from the main amphora pile to the north-east there is a 1.6 meter long lead anchor
stock that is associated with the same ship remains. In the immediate vicinity of the stock lies the base
of a larger ceramic vessel. The general layout of the finds at the sea bottom indicates that the cargo
did not diffuse from the ship during the sinking, but in effect sank together with the entire ship as a
cohesive unit. The length of the main amphora concentration is about 23-24 meters, which indicates a
ship approximately 25-30 meters long.14

The site position and depth required the development of specific diving procedures. Enriched Air
Nitrox 28 was picked as the bottom diving gas mixture and 100% oxygen was used for the
decompression gas. Special technical solutions were made and developed especially for this research.
One example was the creation of a special breathing apparatus used for breathing oxygen to
decompress at a specified depth. The diving work involved a total of 18 divers organized in diving
pairs. Diving operations were conducted twice a day, and due to the depth of the site and diving gas
mix, bottom-time was limited to 20 minutes.
General working tasks were divided in two groups. One was focused on cargo and shipwreck site
documentation, while the other focused on the area with the lead anchor stock. Foka Ltd. facilities
were used to store necessary equipment and tools, to host work meetings, and for the processing of
documentation and finds.*

In a week campaign, the site was fully documented with 3D photogrammetry and a detailed site plan
was generated. Also, archaeologists set up fixed reference points, so any future documentation can be
georeferenced and seamlessly added to the existing site plan. At the end of the preliminary
archaeological campaign, one of the Lamboglia 2 amphoras was recovered and sent to ICUA for
conservation and further analyses.® Of note, this was not a ‘rescue’ archaeology excavation; the site
remains largely undisturbed and available for future study.

14 RADIC ROSSI and DORUSIC 2018
1> RADIC ROSSI and DORUSIC 2018
16 RADIC ROSSI and DORUSIC 2018
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3. NEW TECHNOLOGICAL SOLUTIONS FOR THE PROTECTION OF
UNDERWATER CULTURAL HERITAGE

As previously mentioned, the Republic of Croatia has long followed UNESCO guidance by protecting
Underwater cultural heritage in situ. In addition to re-covering sites after an excavation campaign,
another tool used for this purpose was quite unique — a giant metal cage placed over the site. This
practice was applied to topologically similar sites, but not without some major issues. After applying
this kind of protection, potential future research becomes extremely challenging due to various
technical limitations and safety issues.17 Based on this past experience, institutions in charge of
Letavica shipwreck protection started to seek more suitable solutions. Knowing the limitations of the
old passive protection system, the authors of this paper proposed something different: a system based
on new technology that is completely complementary with the nature of the underwater archaeological
site.18 For this unique scenario (a shipwreck near shore and near a dive center) a system of cameras
and sensors with a marine buoy as the main power source was proposed as a superior and more active
substitute to the old cage approach. Such a system would allow shipwreck research in parallel with
monitored public access, all while protecting the site.’®

3.1. Demo testing March 2019

Just prior to the preliminary archaeological campaign, the interdisciplinary conference and workshop
Breaking the Surface (BTS) was held (September 2018). At this international conference, the authors
together with dr.sc. Irena Radi¢ Rossi from the University of Zadar presented the newly discovered
site and discussed their desire to use this new site for technological demonstration. Among many
excellent engineering companies and experts involved in BTS workshops, Kongsberg Marine
representatives were particularly interested in the situation. Kongsberg Maritime is a Norwegian
company specializing in cutting-edge marine technology, and after initial talks they agreed to use the
Letavica site as a test bed for their new equipment.

SYSTEM

DIAGRAM

A Operation Software

B ¢vﬁdﬂh‘ﬂ'm Og

Fig. 12: The Simrad EK80 system.

The general idea was to develop a system that could protect the site from incursions by unauthorized
divers, reducing the threat from looting activities. Using specially designed high frequency acoustic

17 RADIC ROSSI and DORUSIC 2018
18 SELVAGGIO et al. 2009
19 SELVAGGIO et al. 2009
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sensors, made by Simrad, the site could be monitored 24 hours a day. This technology can detect a
diver that swims through an acoustic beam and generate a message to alert authorities of the incursion.

The first equipment testing was performed in March 2019 and included participation from all the
organizations involved with the preliminary archaeological campaign in 2018. The Norwegian team
divided their work into two days, one day to collect data on the site location using divers as a target,
and one day at the office to review the data and to discuss the possibilities to convert this system for
real time usage, including an evaluation of potential system limitations.

The team selected the Simrad EK80 system to employ as a test system. This system consists of one or
more acoustic transducers coupled with wideband transceivers, a computer unit and acquisition
software (Fig. 5). When used with the EK80 real time acquisition software, the system is operated by a
Windows-based processor. Also, the system normally requires input from auxiliary sensors such as
GPS and motion sensors. The Simrad EK80 is a high precision scientific echo sounder with high
dynamic range, raw data recording, low self-noise, high ping rate and multi frequency application for
species identification. The Simrad EKS80 can operate over a large number of frequencies
simultaneously ranging from 10 to 500 kHz.%

For this test, a Simrad ES70-18CD depth rated transducer was paired with a Simrad Wide Band
Transceiver Miniature (WBT Mini) provided to transmit acoustic energy into the water and to receive
echoes from objects in the water column (Fig. 6). The Simrad ES70-18CD is a depth rated wideband
split beam transducer designed for fishery research applications. It has a beamwidth of 18 degrees at
nominal operational frequency 70 kHz.%

o ms g = »
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|/ES70.18CD Serial No: 1065) Screen Captures S VR R 3132019 113443

Fig. 13: Graphic representation of a data collected with a Simrad Wide Band Transceiver Miniature (WBT
Mini). Transceiver transmits acoustic energy into the water and receives echoes from objects, in this case a diver,
in the water column.

After two days of site testing results had been processed and assessed, all sides started to discuss
future system possibilities. One intriguing idea was to use a different system, a Simrad WBT mini, as
an “EK80 Autonomous system” instead of an “EK80 real time system” to save battery consumption.
With this concept, a buoy with the solar system could be used as a power supply and as a potential

20 https://www.simrad.online/cat/scientific_all_a4 en_hires.pdf
2L https://www.simrad.com/www/01/nokbg0240.nsf/AllWeb/CC83A234F868D05AC125818C0059CD50?0OpenDocumet
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Closed-Circuit camera stand.?? Combining underwater acoustic sensors with CC cameras offshore,
then using their output in an alarm and surveillance system at an onshore site could ensure an
underwater heritage site would be actively protected around the clock (Fig. 7).

Fig. 14: The idea of combining underwater acoustic sensors with CC cameras mounted on buoy offshore, then
using their output in an alarm and surveillance system at an onshore site (I. RADIC ROSSI and V. DORUSIC,
2018, 13-14, Fig. 14-15).

4. CONCLUSION AND FUTURE PERSPECTIVES

A newly discovered 1st century BC Roman shipwreck on the Croatian island of Pag was used as a
case study to evaluate a new, interdisciplinary approach in underwater archaeological site protection.
Superb cooperation between cultural institutions, local authorities and the diving community led to a
promising new solution in cultural heritage site active management. The first steps toward
implementation of this technology were made during a preliminary archeological campaign in 2018
followed by proof-of-concept technological testing in 2019. Future efforts will continue to enhance
this monitoring capability, to include evaluation of a CC camera system installed on land at the local
diving base facing the site location. Initial results were very promising, and while additional work and
testing are required, clear progress was seen toward site monitoring in parallel with site access. The
potential of this type of system is now clear; to maximize underwater cultural heritage site protection
while allowing public visitation, this technology requires rapid testing and development followed by
prompt field deployment.
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Abstract: Following a Cousteau Divers initiative in 2010 which raised local interest in the
establishment of a no-take Marine Protected Area (MPA) in Santorini Island, efforts have
been concentrated on identifying priority areas for conservation. Scientific underwater
surveys have been conducted to provide rigid ecological baselines, and several follow-up
steps have been taken to build further local, regional and national support for the
establishment of the MPA. According to the scientific data collected, the proposed MPA -
part of which within the impressive volcanic caldera- comprises a rich habitat and species
diversity, and seascapes of complex topography and high aesthetic appeal. No anthropogenic
pollution indicators were detected, but shallow rocky reefs presented clear signs of
degradation due to historical overfishing, thereby furthering the need for marine protection.
Although significant stakeholder support has been gained during the past decade (i.e. Thira
municipality, Santorini Fishers’ Association, local diving centres, concerned citizens etc.)
and a general agreement in the establishment of a MPA along a ~9.8 km coastal stretch of
Akrotiri Peninsula (~4.21 km2) has been reached, the lack of political will and accessible
legislative tools have prevented its implementation. We argue that such initiatives, i.e. the
establishment of bottom-up MPAs, are essential in offering a much-needed boost to the
rapidly declining Mediterranean marine environment, as well as several responsible
economic alternatives to ensure sustainability of local communities.

Keywords: marine reserve, participatory processes, community-based marine protected
areas, fisheries management, sustainable tourism

1. INTRODUCTION

Coastal seas comprise some of the most dynamic, productive and diverse ecosystems across the globe,
while at the same time they are increasingly exposed to numerous anthropic pressures (pollution,
urbanization, exploitation, climate change). Among these, historical overfishing (and resulting
ecological extinctions) has been acknowledged as the primary and most profound cause of marine
ecosystem degradation worldwide (Jackson et al. 2001). To address this issue, Marine Protected Areas
(MPAs), where all or some fishing activities are fully or partially restricted, have been traditionally
used to conserve or restore declining marine resources. Yet fully protected areas hardly account for
1.44 % globally and less than 0.04 % in the Mediterranean Sea, falling far short of the 10 % Aichi
Target set by the Convention on Biological Diversity for 2020 (PISCO & UNS, 2016).

Santorini island, despite being a worldwide renowned destination for its exceptional natural beauty,
enjoys no level of marine protection. Although a NATURA 2000 SCI covers its mountainous SE side
and the uninhabited rocky islets of the volcanic caldera, only terrestrial habitat types have been
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considered in this designation. Lack of sound and effective fisheries management plans is strongly
reflected in local artisanal fishers’ persistently decreasing catches (reporting up to five-fold decrease
within two decades time; Pennewiss, 2004), as well as costal fish biomass surveys performed in the
wider Cyclades region (Giakoumi et al. 2012).

On these grounds, a Cousteau Divers Initiative (Cousteau et al. 2010) envisioning the creation of a
Marine Reserve aimed to improve local small-scale fisheries while also enhancing nature-based
alternative tourism, brought together the local and scientific community to identify suitable areas and
criteria for protection.

A scientific survey to assess the state of the proposed coastal sites (Salomidi et al. 2016), as well as
several follow-up stakeholder consultation and administrative procedures toward the goal of protection
revealed certain underlying ecological and political issues hindering this commonly agreed cause to
this day.

2. METHODOLOGICAL FRAMEWORK AND RESULTS
2.1. Scientific Surveys

To assess the current ecological state (baseline) of the proposed areas and investigate their potential
and suitability for the establishment of a MPA, a total of 18 coastal sites were surveyed (Figure 1),
taking into account ad hoc biotic metrics and indices along the lines of the Habitats (HD, 92/43/EEC),
the Water Framework (WFD, 2000/60/EE) and the Marine Strategy Framework (MSFD, 2008/56/EC)
Directives. Surveys were based on the ecosystem-based approach, integrating benthic habitats (coastal
reefs and Posidonia seagrass beds) with associated fish communities and keystone invertebrate
species, along three replicate (25 m X 5 m) transects and two (5 m and 15 m) depth contours per site
(Salomidi et al. 2016).

CT1
& Megalochori

Perissa

® Sampling sites 0 05 1 2 3 5
— 1Kilometers

Fig. 1: Map indicating stations within the Perissa-Rock and Akrotiri MPA candidate areas (in red polygons).
Orange polygons indicate several scattered control sites (from Salomidi et al. 2013)
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Among the most important findings in the wider study area, were the low total fish biomass, largely
dominated by herbivore and hardly represented by large apex predator fish species, as well as the
abnormal structure and composition of the vegetation, with ephemeral turf -rather than the
Mediterranean typical perennial canopy and bushy algae (Thibaut et al. 2005; 2017)- monopolizing the
algal communities. This evidence, especially pronounced at the 5m rocky infralittoral habitats (Figures
2a, 2b), strongly suggests a coastal ecosystem depleted from large fish predators, thus allowing for an
overabundance of herbivores (in this case the alien spinefoot fishes Siganus spp. accounting for 82%
of total herbivore biomass) and their consequent overgrazing effects on native algae to the point of key
structural species collapse (Salomidi et al. 2016).

5m Fish Biomass per trophic group 5m Reef Structure
7%
‘ 7%
15%
62%
M Zooplanktivores  ® Herbivores Canopy = Bushy Calcified
Carnivores Apex Predators Turf = Barren Rock

Fig. 2: Structure of a) coastal reef fish community per trophic group, and b) reef benthic cover (mean values for

all stations studied at 5 m depth)

With few exceptions, biotic indices applied on both Posidonia oceanica meadows and the upper
infralittoral algal communities reflected no signs of anthropogenic pollution across the examined sites.
Higher heterogeneity at relatively small scales accounted for a higher habitat diversity (sandy bottoms,
gravel, boulders, shallow reefs, seagrass beds, coralligenous formations, submerged or semi-
submerged caves) along the volcanic caldera and the southern coast of the Akrotiri peninsula,
indicating this area’s higher restoration potential upon implementation of sound management plans. A
provisional management plan was in turn carried out for this area (SUBMON, 2013).

2.2. Consensus Building

To effectively communicate scientific findings and build further consensus to the cause of protection,
several public discussions, events and consultation meetings have been organized to actively engage
the Santorini Fishers Associations, public authorities (Santorini municipality and port authority), the
administrative Region of the South Aegean Sea, various local associations and unions (Santorini
Recreational Fishers Association, Cultural Association of Akrotiri, Union of Santorini Boatmen),
diving centres, and the general public in the planning process. Up to 2014, a general agreement was
reached among all key stakeholders for the creation of a protected area along a ~9.8 km coastal stretch
of the Akrotiri Peninsula, covering a marine surface of ~4.21 km2 (Figure 3). Furthermore, an
association of concerned citizens “The Theraic Sea” society, and a non-formal Management Body
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(consisted of representatives from the Municipality of Thira, the Santorini Fishers Association and the
Hellenic Centre for Marine Research) were ad hoc formed to support and promote the MPA’s legal
establishment.

Santorini

Fig. 3: The bottom-up agreed area for the establishment of a MPA in Santorini isl. In red: the area initially
suggested by the local Fishers’ Association (2013), in green: extension added to include important marine
habitats and features, following consultation and discussion with the local community (2014)

2.3. Legislative procedures

According to the European and National Law, several legal tools exist for the establishment of MPAs,
among which the Habitats Directive (HD, 9243/EC) (i.e. the Natura 2000 Network), the PD 67/81 and
the L. 3937/11 being the most widely applied in Greece. These tools however are rather biodiversity
conservation orientated and can rarely apply for fisheries exclusion (no-take zones) or adaptive
management purposes. Much more suitable to this cause, the Mediterranean Fisheries Regulation
(Council Regulation EC 1967/2006) foresees the designation of “Fishing Protected Areas (FPA)”
defined as ““sea areas where all or certain fishing activities are temporarily or permanently banned to
improve the conservation or exploitation of aquatic resources and the protection of marine
ecosystems”.

In this light, the mayor of Santorini, the president of the fishers’ union, representatives of the “Theraic
Sea” Association and the Cousteau Divers jointly appealed to the competent Directorate General for
Fisheries (Ministry of Food and Rural Development) in December 2017, submitting all relevant
documentation along with a formal request for the establishment of a FPA in Santorini isl. One year
later (October 2018), the Directorate replied rejecting the request on the grounds that “the need for
protection is not duly substantiated for Santorini island”. Albeit repeated attempts to obtain clear
answers as to the procedural and documentary requirements for such a substantiation no further
response has been provided since.
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Nine years after the project’s inception (Figure 4), this bottom-up small-scale conservation approach is
still hindered by centralized environmental decision making, largely inconsiderate of social concerns
and objectives.

2010 2012 2013 2014 2017 2019

l l | l |
| 1 | |

A 4

Project inception Grant received Consensus Ministry meeting

Ecological research
Management plan
Consensus building

Fig. 4. Timeline for activities in the pursuit of the Santorini MPA establishment

3. DISCUSSION

Over the last four decades Santorini has become a globally renowned touristic destination with
millions of visitors annually (Delitheou & Georgakopoulou, 2017; Peeters et al. 2018). This constantly
increasing flow of visitors has been identified as the “shining example”, a paradigm to replicate by the
Greek tourism sector. During the Greek financial crisis, since 2010, tourism has been even more
significantly contributing in the country’s GDP (Ikkos & Koutsos, 2019), and is posing as a one-way
exit from the austerity and repercussions of the memoranda. This prevailing developmental course was
further consolidated by a significant step back in nature conservation legislation and the establishment
of fast-track licencing procedures in environmental authorisation (Christopoulou et al. 2015).

Within this state of play, sustainability along with environmental, landscape and resource preservation
have been demoted to posteriority on a national scale. Especially in Santorini, the tourism
developmental model has taken a considerable toll from the island’s resources (Delitheou &
Georgakopoulou, 2017), putting immense pressure on the limited infrastructures (Peeters et al. 2018),
and leading to a potential irreversible degradation of the natural environment. This latter is now
especially pronounced for the island’s marine ecosystems, practically collapsing under the combined
effects of overfishing and climate change (Salomidi et al. 2016 for Santorini but see also Giakoumi et
al. 2012; Sala et al. 2011; 2012 for the Cyclades and the wider Eastern Mediterranean).

The whole approach of the process described herein, aiming at the designation of a no-take MPA in
the waters surrounding Santorini, stems directly from the factual necessity to demonstrate that an
alternative, sustainable and nature conservation centred future is possible. All involved parties and
stakeholders explicitly voiced this necessity during the bottom-up processes and the deliberations to
develop and document a joint proposal. The formal request of the “Theraic Sea” seeking a legal
designation of the proposed area reflects the commonly shared vision for a viable, environmentally
and financially sustainable future for fishers, professionals of the sea, marine users, local inhabitants,
visitors, but also for the marine natural environment suffering from overexploitation and anthropic
degradation. Such demands have been also expressed by other interested parties that have clearly
illustrated the ill-fated results of the current developmental model of Santorini (Ermogenis, 2018).
This unconventional approach used in Santorini to achieve consensus and unanimity among seemingly
contradicting opinions and stances (e.g. between fishers and conservationists) is not foreseen as a
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formal process to develop nature conservation measures. On the contrary, the Greek legislative
framework for establishing protected areas is solely based in time consuming, bureaucratic and
centrally designed procedures that utterly exclude bottom-up, participatory and adaptive approaches
(WWEF Greece, 2018).

International practice in bottom-up conservation approaches, has shown that early engagement of
stakeholders, especially fishers, in decision-making processes significantly boosts MPA success and
performance by incorporating local knowledge and increasing compliance (e.g. Ferreira et al. 2015,
Campbell et al. 2012, Guidetti et al. 2010; Said et el. 2018). It is a widely acknowledged fact that well-
managed MPAs support fisheries (Lubchenco & Grorud-Colvert, 2015; PISCO & UNS, 2016; Sala &
Giakoumi, 2018), and ensure healthy and productive seas which boost coastal and maritime tourism
and generate multiple socioeconomic benefits accounting for up to EUR 3.2 billion yearly (as
estimated for 10 % of sea surface protection) (European Commission, 2013). Depleted seas, on the
other hand, jeopardise the sustainability of most economic activities based on the coastal zone, which
is particularly the case for small-scale fisheries in the Cyclades and the wider Mediterranean region
today (Said et al. 2018). Meanwhile, small-scale fishers in their despair, seek to ensure their catch in
ways that would otherwise appear unacceptable through the prism of their Traditional Ecological
Knowledge (see Gasalla & Diegues, 2011), thereby trapping themselves in a vicious circle.

The ensuing and commonly shared goal of the Santorini initiative is to establish a MPA and an
inclusive nature management scheme that will provide specific socio-economic benefits and livelihood
resilience through numerous alternative economic activities and opportunities, such as responsible
artisanal and recreational fishing activities, boating and diving tourism, as well as high quality
sustainable locally and ethically sourced seafood. The effectuation of this vision is not unrealistic even
for a mainstream touristic destination with an established global brand as Santorini.

As this has been the case in the past, the island’s character has already been shaped once socially and
economically by tourism (Delitheou & Georgakopoulou, 2017). Diversified, eco-friendly and
responsible tourism activities have already started to thrive on the island (hiking, mountain biking,
kayaking, fishing tourism, SCUBA diving etc.), while the EU and the international tourism sector is
gradually steering towards sustainable and responsible services regarding their impacts in resources,
nature and biodiversity (Communication from the Commission - Agenda for a sustainable and
competitive European tourism, 2007).

Decentralised, small-scale, bottom-up and inclusive approaches seem to be the only alternative to
avoid a further and irreversible degradation of the natural marine and terrestrial environment.
Especially for Santorini such initiatives can serve as a true “shining example” that can be easily
transferred and replicated throughout the Aegean Archipelago and beyond.
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Towards the Creation of Accessible Underwater Archaeological and
Historical Sites in Fournoi and Leros (Eastern Aegean): an Interreg VA,
Hellas- Cyprus 2014-2020 program under development

Dr. George Koutsouflakis?

1Department of Archaeological Sites, Monuments and Research
Ephorate of Underwater Antiquities

The program "Diving routes to marine protected areas of the eastern Mediterranean - Development of
a diving tourism network" approved by the Cross-Border Cooperation Program Interreg VA, Greece -
Cyprus 2014-2020, aims at exploring the potential of specific regions of Greece and Cyprus to develop
their tourism dynamics relying on diving tourism.

The involvement of the Hellenic Ephorate of Underwater Antiquities in this proposal is to investigate
the possibilities of the marine areas of the Fournoi archipelago and Leros in the Eastern Aegean,
towards the creation of accessible archaeological sites in the future. The archipelago of Fournoi,
following the systematic underwater survey of the Ephorate during the years 2015-2018, has emerged
as one of the richest archaeological sites of the Mediterranean with an exceptionally large stock of
ancient, medieval and post medieval shipwrecks. In contrast, Leros was the area of extensive naval
and air strikes between the Allies and the Axis forces during the Second World War, offering so a
large number of wrecks that have still be documented and evaluated.

The project aims to produce an integrated proposal that will make some of these shipwrecks accessible
to the public via organized diving tours, on the benefit of sustainable development of less known and

promoted areas of the Eastern Aegean.

Keywords: ancient shipwrecks, 2 W.W. Shipwrecks, sustainable growth, raising awareness, Fournoi,
Leros
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Project blueHOMER

Marko Misi¢!, Toni Mandusié?

'Furia d.o.o

Abstract: Most people do not know how to dive, have no licenses or are not prepared to
physically withstand demanding dives, but would like to feel the freedom of moving under
the sea. They would like to see some of the famous diving sites, hear the relaxing underwater
sounds. Everyone, completely healthy, and those with some physical disadvantages - should
get the chance. They should get a chance to experience dive into the depth, without risk. We
will make it happen.

In the pool, under fully controlled conditions, they will be able to select one of the virtually
replicated dive sites from the Program. Trough real diving suit with all the equipment, will
be able to feel water resistance. In a dry diving helmet with compressed air regulator, Virtual
Reality screen and headphones will have the impression that they are deep under water, in
front of a known shipwreck that have only seen in the picture so far. Even vision impaired
persons will be able to feel real-life replicas with hand-sight gloves, the narrator will
describe the objects and the dive site into the details. Imagine how huge gap the blind person
passes when he can get the real dive into virtual depths, when he can touch the amphora at
the seabed and at the same time find out all about the hydro-archeological location, origin,
and purpose of use.

The entire Program would be able to relocate anywhere in the world if there is a swimming
pool. In this case, all over the world, people will enjoy the underwater magic, regardless of
their age, their physical abilities and their distance from the places they want to dive. Then,
such dive sites will be protected and preserved for future generations.

Keywords: Diving, Dive sites, Virtual reality, Perception, Quality of Life.

1. DIVING

Diving with an autonomic diving device is known as a relaxing activity that often raises the level of
adrenaline. However, it is still a "dangerous sport" for uninitiated people, and even many divers do not
know that diving has many positive effects on health. The expansion of diving sports (tourism) has
raised the level of awareness and responsibility of instructors and organizers of diving, and today acute
incidents are not as frequent as they were in the previous years (in relative relation to the number of
divers and dives). The interest of chronic professional anxiety and illness originated firstly from
professionals and was inspired by insurance companies. However, in modern times, the frequency of
the dive of recreational divers has reached professionals, and all diving techniques, sometimes
reserved for underwater work or military activities, have become accessible and enjoyable among
recreationists. Medical doctors and diving physicians significantly increased interest in these topics,
and scientists were given the incentive for more detailed research.
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Fig. 1: Diving

1.1. Positive medical part of diving

Breathing is slow and deep in diving, especially for experienced divers, which optimize the
consumption of respiratory media from the diving bottle. Such a breathing mode works favourably on
the lungs and allows better air circulation through the lung alveoli. The production of mucus
decreases, and even breathing has a positive effect on both the trachea and the throat. When entering
the water, our heart starts to pump rapidly (due to adrenaline and temperature difference), and since
diving is most often in waters that are colder than body temperature, the peripheral blood vessels are
compressed in order to preserve the temperature of vital organs. All this leads to a mild increase in
blood pressure. Consequently, after diving, the peripheral blood vessels widen and slowed down the
heart, leading to a reduction in blood pressure and stabilization. That change positively affects the
balanced heart rate and blood pressure. Moving through the water is much harder than in the air.
Diving muscles work hard work during the dive, which encourages them to develop new muscle fibers
later, after which they become prolonged and stronger. As almost all muscles are activated during
diving, the body is proportionally developed, and moving through a dense media also increases the
flexibility of muscle fibers. Diving is often associated with exposure to the sun's rays before and after
the dive. This is important for the production of vitamin D, which helps the absorption of calcium and
the passage of calcium among the cells. The European Society for Human Reproduction and
Embryology confirmed the claims of a Belgian investigator dr. Frank Vandekerckhove, who said that
higher temperatures, lack of rain and many suns improve in vitro fertilization results. Dr.
Vandekerckhove claims that the increase in vitamin D levels is a key factor in fertility enhancement,
and it is known that exposure to the sun is responsible for creating additional stocks of this vitamin. In
today's world where more and more women are diagnosed as having infertility problem, and
reproduction is becoming more and more stimulated by medical methods, exposure to the sun before
and after diving is a very simple and natural way of stimulating fertility. One of the interesting diving
phenomena is the beneficial influence of the aquatic medium on the brain. Namely, by completely
immersing in the water, we imitate the natural environment of the fetus in the womb, which is a
condition that the brain registers as calm, safe and peaceful. This stimulates the sense of well-being
and happiness. Also, images of marine life and slow motion under water and natural beauty stimulate
positive thoughts, and blue colours seem relaxing, while moderate exposure to the sun's rays stimulate
the production of endorphins (a hormone of happiness). Likewise, slow and deep breathing during
diving is similar to breathing during meditation, so it is reducing the level of stress and encouraging
positive thinking.
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1.2. Negative medical part of diving

According to the expert literature, the permanent consequences of diving define the phenomena that
are not significantly found in the non - diving population, which are causally related to diving and/or
followed by diving incidents even after their treatment and rehabilitation, which cannot be explained
by any other cause without any connections with diving, and which significantly affect the
deterioration of the general quality of life in divers. The most well-known and best-studied risk is
foramen ovale appertum?. The occurrence of dysbaric osteonecrosis and visual and hearing disorders
are described without prior diving incident. There are more and more studies of the relationship of
diving and cardiac disturbances, changes in the liver and eye background. It is necessary to indicate
the negative effects of standard dives in order to better explain the difference in relation to the
blueHOMER dive.

Specific chronic diving problems that scientists have defined so far are:

* Damage to bone tissue with endangering the functioning of adjacent joints, known as the
dysbaric (or aseptic) bone necrosis.

* Neurological disorders are most often the result of decompression disease and barotraumatic gas
embolism. Symptoms such as tingling, tremors, vertigo, impaired peripheral nerve function appeared
frequently (in 8 to 47% of the examined divers) immediately after saturation diving and lasted for
years afterwards. In a significant number of respondents, concentration and memory disturbances,
behavioral changes, changes in EEG to epileptic attacks, sexual dysfunction, and others have
developed. There is also a clear correlation between the occurrence of neurological symptoms with
frequent diving deeper than 40 meters, as well as diving in cold water.

* Research shows significantly more common hearing and tinnitus in divers compared to non-
infectious populations, manifesting more pronounced at high frequencies. A frequent consequence of
long-term diving is also chronic sinusitis. It is most commonly the result of frequent sinus barium
tract, especially in the case of divers who "dive" and when they caught cold, with the use of nasal
drops and the excessive Valsalva maneuver? that, along with sinuses, damages the ear structures,
often and lastingly.

* Differences in the status of the retina of the eye (retina) in divers in relation to control groups of
non-dermal individuals have been identified by studying and comparing eye changes. Not only
degenerations are more pronounced with divers, but the difference is also observed among them
indicating a direct correlation with the length of diving experience and the frequency of diving. The
reason for these changes is seen in the obstruction of microcirculation by nitrogen bubbles, otherwise
retina is extremely sensitive to the hypoxia. Although one study showed that there was no difference
in eye damage to divers who had never had a decompression illness and those who had experienced it,
another study showed that non-risk dives do not lead to damage to the retina.

With some deep divers, significant changes in liver enzymes and chronic skin changes have been
observed. Particularly, exposure to elevated pressure can lead to hormonal changes, especially for
example increased thyroid hormone levels, bone marrow and other glycoproteins that can cause liver
damage (Dr. Mario Franoli¢, 2015).

23 Foramen ovale appertum - open communication between the left and right heart subsides

24 The Valsalva maneuver is performed by moderately forceful attempted exhalation against a closed
airway, usually done by closing one's mouth, pinching one's nose shut while pressing out as if blowing up a
balloon.
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2. VIRTUAL REALITY

Virtual reality (VR) is the use of computer modelling and simulation that allows the user to interact
with the artificial 3D environment. Applying virtual reality to users in a computer generated
environment that simulates reality through the use of interactive devices that send and receive
information and are worn as glasses, headphones, gloves or suits. In the usual VR format, a user
wearing a helmet with a stereoscopic display sees animated images of the simulated environment. The
"immersion" (telepresence) illusion is influenced by motion sensors that read user's movements and
adjust the view of the screen accordingly, usually in real time (i.e., at the same time as the user
moves). Therefore, the user can go through several simulated rooms, and experience a change of view
and perspectives that are convincingly linked to his or her head movements and steps. If a user carries
data gloves equipped with reverse-force devices that provide a touch of feel, he or she can raise and
manipulate objects that see in the virtual environment. Similarly, by providing haptic feedback,
gaming controllers vibrate when something happens on the screen. For years, engineers and scientists
have found ways to use virtual technology outside the gaming industry. For example, medicine in
several of its fields already applies this technology. We have numerous VR therapies, from pain
reduction to the treatment of psychiatric disorders such as anxiety or PTSD? . A virtual walk through
the human body significantly raises the level of quality of the learning process, such as anatomy, but it
is also of great use in diagnostics. When examining brain organs, with VR, doctors can get an insight
into his condition at a given moment. Virtual reality can be used to rehabilitate permanently or
temporarily immobile. It proved very effective in the recovery process. It has even been proven that,
for example, in amputated limbs, therapy helps virtual reality to adapt to prosthetics and even to
diagnose phantom pain. While for permanently immobile, it allows them to move in the virtual world.

Fig. 2: VR Dive

3. PERCEPTION

"Perception or observation is the process by which we become aware of objects, their properties and
relationships through sensory organs. "It is influenced by attitudes and past experience. When we
understand the meaning of what we feel, the senses become perceptions. It has a subject character, it is
oriented to objects and phenomena, and the selective character, because it separates objects as
background shapes. The touch and other skin sensations are an important part of the information about

25 PTSD — post-traumatic stress disorder — a mental health condition that is trrigered by a terrifiying event
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the outside world (Stan¢i¢, 1991.) For clarification and implementation of this project, it is important
to mention: visual, auditive and tactile perception.

3.1. Visual perception

The human eye as a small organ weighing only 28 grams and 2.54 cm long is one of the most
important organs in the human body. Over 85% of the information transferred to the brain is
of visual origin, 1,200,000 nerve fibers in each eye, transmits data at a rate of 109 Gb/s to the
brain. The process of visual information processing begins with the entry of light into the eye.
Once the information is encoded in the perceptual processors, it is transmitted to the sensor
image store which is part of the working memory, and consists of long-lasting memory parts.
Cognitive processes connect information from long-lasting memory with information from
the sensor image library and it made decision for reaction. Depth perception is the ability to
perceive the world in three dimensions (3D) and to judge the distance of objects. In order to
have depth perception, you must have binocular vision, also known as stereopsis. If someone
lacks stereopsis, they are forced to rely on other visual cues to gauge depth, and their depth
perception will be less accurate.
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Fig. 3: Visual perception
3.2.  Auditory perception

Auditory perception is the function of the hearing system, the perception of sound, or, more precisely,
the perception of objects and events through the sounds they produce (Masterton, 1992). The sounds
are vibrations of the air molecules that stimulate the hearing system. People only hear molecular
vibrations in the range of 20,000 Hz. The amplitude, frequency, and sound-wave complexity are
perceived as the volume, pitch, and timber (color) of the sound. According to a theory of hearing, it is
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considered that the auditory system implements a similar Fourier analysis?® by decomposing complex
sounds to their components.

©) Frequency analysis

Fig. 4: Auditory perception

3.3. Tactile perception

Touch is the type of object perception and phenomenon based on multimodal and tactile information.
Therefore, tactile perception is a feeling through touch, pressure, temperature or pain, due to which the
person sees the surrounding reality. With the help of this perception, a person creates first impressions
of an object. When we are in contact with the outer skin of the body, we have the ability to know the
shape, elasticity, size, roughness or density, coldness or heat that are characteristic of the subject.
Thanks to the tactile way of observing information, our skin is able to respond to the physical
properties of objects around us, and therefore we get certain information through it.

Roughness
Texture
Warmth
Humidity

Ruffini
ending orpuscule
(100-500 Hz) (0-100 Hz) (1-300 Hz)

H
H
Stimulus ;
H

'
Dermis
'

Pacinian corpuscu
(5-1000 Hz)

Fig. 5: Tactile perception

26 Fourier analysis is a method of defining periodic waveforms in terms of trigonometric funtions
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4. blueHOMER Concept

The blueHOMER project is designed to enable all people, regardless of gender and age, or have a
physical defect, a real dive into the virtual depths of the known diving sites. People who once dived at
a young age and are not able to visit some desired locations or are not in good physical condition for a
demanding dive. Likewise, people who have fear of blue depths, yet again a great desire to feel
pressure on the body, see the famous diving sites, learn about submarine that is broadly covered in the
surface of nearly three quarters of the total Earth's surface, in controlled conditions to experience it.
The concept of blueHOMER is simply a solution that can afford the sea dive to people around the
world, regardless of the location of the site, the vicinity of the sea and the weather.

4.1. Equipment

The equipment consists of a software/application in which one of the famous diving sites can be
selected, previously photographed and mapped, and made in a virtual world like a FPS video game.
Compressed air regulator with predetermined tank (bottle) and buoyancy compensator, VR dry helmet
with headphones, in which the 3D effect and virtual reality will be fully experienced by the diving site,
while the "narrator” in headphones will describe every important position or object that touches the
"hand-sighted" gloves. This allows each person a complete experience of diving into the depths of the
sea. It can be said that the maximum impression a person receives with the combination of vision in
VR and the explanations which he receives about the selected location through sound support and
narrator, and also with the diving suit and its own equipment. In the case that a person has some of the
physical hurdles, health disadvantages, he will again receive in that combination the maximum that his
brain can process.

Mobility as one of the most important features will enable it in any city that has a pool. Some kind of
smaller truck that includes: Compressed air bank of 200 bars and the aforementioned equipment
accompanied by few dive instructors.

Fig. 6: Hand - sight VR gloves

5. BLIND AND VISUALLY IMAIRED PEOPLE IN THE SEA
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The blind and visually impaired persons have a real obstacle in diving. A smaller number of sports
clubs and associations for people with health problems offer a dive service for the blind. Particularly,
these dives accompanied by divers cannot completely approach a known diving site for a blind or
visually impaired person. In the blind, the most important role in acquainting the subject is the tactile
perception within which we distinguish the analytical and synthetic way of cognition. An analytical
path involves touching the details and the individual parts on which the image of the object is created,
while the synthetic path involves capturing the whole object on which the subject is recognized. These
paths complement one another, and are used almost simultaneously. One or more fingers and one or
both hands can be used to touch. It is very important to instruct teachers to get far more time to learn
through tactile perception than to get to know the sight (Matok, 2011).

One blind person explained that it was easier to concentrate if he "watched" the object he touches,
although he was completely blind and did not perceive light. Scientists have confirmed that the
directional view helps in haptics, improves the resolution of space, and accelerates the reaction time
(Heller and Ballesteros, 2006 according to Kennet, Taylor-Clarke and Haggard, 2001).

The accuracy of object recognition increases when respondents are guided by giving them information
on what to choose, about the superior category (for example, about fruit).

It is desirable to keep track of the subject with a verbal description because it is more complete to
imagine the subject. For this reason, a blind or visually impaired person will be able to touch with the
"hand-sighted" gloves, for example amphorae on the virtual seabed, except for the stimulation of
tactile receptors, narrator will describe the history of making and the purpose of the amphorae itself
and the interest in the locality where it was found. That person will then have an irreplaceable sense of
navigating through the sea while having complete diving equipment and accompanying diving
instructors, have all the necessary information that cannot be obtained in ordinary safe dives for
persons deprived of the most important senses.

6. CONCLUSION

For all people other than those in a state of complete sensory deprivation?” or agnosia®, the
blueHOMER concept will allow maximum diving experience. People with hearing impairment or
visual disturbance in the combination of visual, acoustic and tactile perception, of course, of that part
that is not damaged will be able to feel virtual sea depths in safe conditions. It is important to say that
with the already mentioned enhanced secretion of endorphins, for some getting to know a brand new
world of underwater, we dramatically raise the quality of life. And today, as it used to be, we live in
the four types of surroundings. These are the biological, physical, chemical and social environments.
This last is invisible, but is therefore intensely felt. It is the social environment that directly and
indirectly participates in the deterioration of health, increasing the incidence of people including the
marked increase in malignancies. At the same time, the social environment indirectly and directly
affects one form of people's resignation, which determines the quality of their life. It should be said
that today we register the fifth environment. It is an extension of social, it includes new determinants
and we call it a psychosocial environment. People with an impaired sense of vision or hearing, even
para/quadriplegic, consciously or unconsciously often get socially alienated. Such people should help
to approach seemingly inseparable things, and thereby raise social awareness and quality of life.

27 Deprivation - the complete deprivation of all sentiments
28 Agnosia - inability to interpret sensations and hence to recognize things, typically as a result of brain
damage
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Last and not least; by virtual simulation of some of the known diving sites altogether we can protect
the underwater heritage, however, we should be aware that this beautiful sea has been provided for
safekeeping, especially for future generations and that we have to behave responsibly. As Mahatma
Gandhi said, “Earth provides enough to satisfy every man’s needs, but not every man’s greed*.
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Abstract: The aim of this study is to determine the underwater cultural heritage of Istanbul
between the Anatolian Side and the Prince Islands. For this purpose, underwater surveys are
conducted regularly in the region since 2016. Within the scope of the North-eastern Marmara
Sea Underwater Survey (NEMSUS) project, a marble carrying ship discovered at the sunken
island of Vordonisi in 2016. The wreck was found at a depth of 4 — 6 meters and spread over
an area 35 meters. Among the wreckage, 18 roughly quarried marble blocks were found. As
a result of mineralogical-petrographic analyses showed that the marbles belong to the Island
of Proconnesos. The location of the shipwreck indicates that it was traveling from the marble
quarries on the Island of Proconnesos in the Sea of Marmara to the Island of VVordonisi.

Another UCH site was discovered during the seabed dredging at the Kalamig Bay on the
Anatolian side in 1989. A number of Yortan vessels dating to the Early Bronze Age were
found. In addition, during the dredging in 1989, a number of Yortan vessels dating to the
Early Bronze Age were found at Kalamis Bay on the Anatolian side. It is emphasized that
the works recovered from this site point to the presence of a sunken settlement here.

It is mentioned by Aristotle that the copper mines were ruins in Heybeliada, which overlooks
Kalamis Bay. The ancient name of the island is Chalkitis = Copper is explained by mineral
deposits. Camlimani, located in the south of the island, must be a copper bed beneath the two
fathoms of the sea, which is used to make the sculpture in the Temple of Apollo at Sicyon,
which is referred to by Aristotle.

Keywords: Marmara Sea, VVordonisi, Istanbul, Prince Islands, Chalcedon

1. INTRODUCTION

The NEMSUS (the North-eastern Marmara Sea Underwater Survey) project aim to conduct a
systematically and comprehensive scientific research with a multidisciplinary approach along the
shoreline of Anatolian side of Istanbul and The Prince Islands (Fig. 1).
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Fig. 1: The NEMSUS Project Area

Prince Islands consist of the Biiyiikada Island (Ilpiyknmog/Prinkipos), the Heybeliada Island
(Xd&rkn/Khalkitis), the Burgaz Island (Avtiyovr/Antigoni), the Kinaliada Island (Ilpdtn/Proti), the
Sedef Island (TepépivBog/Terebinthos, modern Greek: Avtipofvbog/Antirovithos), the Yassiada Island
(ITAéitn/Plati), the Kasik Island (Ilito/Pita), the Sivriada Island (O&e16/Ohia) and the Tavsan Island
(Néavdpog/Neandros). Additionally, there is a submerged island called the Vordonisi Island, which
should be added to this list?®. With this survey, we attempt to reveal the underwater cultural heritage of
the region. The primary focus of the survey was the Vordonisi Island® (Fig. 2) an area claimed to
contain building ruins from the Byzantine Period, and thus known as Monastery Rocks.

Fig. 2: The Vordonisi Island

Nevertheless, an earlier underwater survey was conducted in Kalamig Bay and the earliest underwater
data were obtained from this region. A review of previous archaeological underwater surveys that have
been conducted in and around Istanbul showed that a number of Yortan vessels dating from the Early
Bronze Age were found in Kalamig Bay in 1989 during a cleaning work on the seafloor. It was
reported that the Istanbul Archaeological Museums found stone wall foundations during the rescue
dives they performed there. However, their work was terminated because of very poor visual
conditions. Studying these remains, Donmez indicated a potential submerged settlement in Kalamis
Bay. Ozdogan also emphasized that the artefacts recovered from this site suggest presence of a
settlement underwater. A review of the evolution of the Marmara Sea, which was once a lake, it
appears that Marmara Sea met the salt water from the Aegean Sea by crossing the Dardanelles around
7000 BC. The connection of the Sea of Marmara with the Black Sea was probably around 5500 BC®.
Based on the elevation of the Neolithic settlement of Yenikapi, the sea level was less than minus 6
meters 9-8 thousand years before today. Accordingly, the Sea of Marmara at the beginning phase of
the Fikirtepe Culture, which is called the Archaic Phase, should have been at a level 15 to 20 meters
lower than the present-day elevation®. For this reason, the Prince Islands should have been linked to
the mainland during the Neolithic Period®. However, Yarimburgaz 4-0 material was reported in
Yenikap1 today under the Marmara Sea level®*. The settlements between today’s Anatolian coastal

29 Bjlir et al. (2017), 132-150.

30 Millas (1992), 205-208.

31 Algan et al. (2011), 30; for relevant arguments see (Ryan et al. (1997); Aksu et al. (1999); Cagatay et al. (2000); Gorir et al.
(2001); Hiscott et al. (2002)).

32 Although the exact dating of the finds that belong to the Archaic Phase of the Fikirtepe Culture was not established,
similar materials recovered from the Yenikapi excavations are dated to 6400-5800 BC based on C14 data (Ozdogan (2013),
173, fig. 12).

33 Algan et al. 2011, 44; Ozdogan 2013,175.

34 For detailed information on the Yarimburgaz 4 layer and materials dating to the Chalcolithic Age, see (Ozdogan et al.
(1986), 12; Ozdogan (1990), 382, plt. 246-248, figs. 4a-b, 5b-c, 6a-b.).
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borders and Prince Islands should have been flooded during this period®. Vordonisi should also have
become an island during this period.

2. THE NEMSUS PROJECT 2016 — 2017 CAMPAIGNS

Our archaeological underwater survey within the scope of the NEMSUS project began with the
permission of the Ministry of Culture and Tourism under No. 159887 dated 02.09.2016 on behalf of
Diizce University between September 20 and October 5™ 2016 - June 12" — 23" 2017 in the area
known as the Manastir Kayaliklari (Monastery Rocks), lying 1.5 km southwest of the Maltepe
coastline and 4 km northeast of Kinaliada in Istanbul.

2.1. The Vordonisi Island

Most probably due to sea level rise and tectonic movements, Vordonisi should have sunk into the
waters of Marmara Sea over time. However, it is not known exactly when the island vanished.
Between 858 - 867 AD and 877 — 886 AD, Photios the Patriarch of Constantinople (Fig. 3), was sent
to exile to the Armonians or Armenians Monastery in Vordonos®.

Fig. 3: Saint Photios the Great, Patriarch of Constantinople

There is a strong possibility that the rocky region known among the sailors as Biiyiik (Big) Vordonos
and Kii¢iik (Small) Vordonos was in fact the Vordonisi Island, which was once above the sea level,
but sank into the sea due to massive earthquakes and floods over time. An analysis of the earthquakes
that occurred in the region and the tsunamis triggered by these earthquakes shows that there was a
tsunami in the Eastern Marmara due to an earthquake in 989 AD*".

Considering that the ancient records of the island are no later than the 10th century, it is probable that
Vordonisi inundated during this period. However, an explicit mention of VVordonisi in a map of 1770
(Fig. 4) prepared by J. L. Cowley raises doubts about this probability.

35 Ozdogan (2015), 15, fig. 6.
36 White (1981), 36.
37 Soysal (1985); Altinok et al. (2001), 530.
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Fig. 4: J. L. Cowley’s Map showing Vordonisi Island.

While the earthquake and tsunami that occurred on May 22, 1766 led to damage in the Mudanya Bay
and the Bosporus, all this happened before the map of 1770 was drawn. After this date, the first major
earthquake that caused tsunami had occurred on July 10, 1894, However, this tsunami did not cause
much changes on the Anatolian coastline®. It is also better not to rule out that Vordonisi may have
been specifically indicated in the above mentioned map to warn sailors against dangerous rocks. In the
meantime, these rocks are also referred to by the sailors as the Monastery Rocks. It is clear that the
Adalar (Islands) district of Istanbul, also called the Prince Islands, served as a religious and political
exile centre during the Byzantine Period. For this reason, this sunken land may be the island where the
Patriarch Photios was sent to exile and once the Armonians Monastery was located. In order to prove
this from an archaeological point of view, we need to identify the architectural remains of the
monastery on the island. Therefore, we wanted to clarify the claims about the presence of Patriarch
Photios’ monastery and that the island on which it was built had been devastated by an earthquake. We
spend efforts to obtain clues about the history of the island. We also aim to register quickly it if
remains of such a building are found on the island. Our survey dives focused on four different points
of the study area where cliffs rising from the sea are located because we believe that remains should be
located in shallows. In addition, when viewed from a satellite photograph, it was observed that most of
the settlements in the Prince Islands looked northward, that is, the Anatolian side of Istanbul, and it
was estimated that the possible building remains could be on the north facing side of the sunken
island.

In particular, our focus was around a large rock on the north-east side of the beacon facing the
islands*. During these dives, we observed that the sea bottom of the island was covered with shells.
The rocks beneath (Fig. 5a) and sticking out of the sea (Fig. 5b) are almost unnatural formations.

38 Especially in Heybeliada, it was recorded that sea water broke at the shore violently after ebbing approximately 15m,
causing the boats in the bay to sink in the south of the island (Altinok et al. (2001), 531).

39 Altinok et al. (2001), 531.

40 During the dives, we observed that the depth changes between 0-10 m, and the visibility was clear and the water was
around 23- 2429C. In particular, we would like to mention that the best time for clarity of visibility is the end of September
and the beginning of October, the month of our work.
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Fig. 5a - 5b: Unnatural rocks beneath the sea and sticking out of the sea.

Since the depth was not too much and the visibility conditions were very suitable, we also examined
the area using mask and snorkel from the surface in addition to scuba diving. The scan was done
systematically by two distant divers swimming in the direction of the route defined, in the wake water
of the boat running at the lowest speed at a constant rotation. As a result of the surveys performed on
the sunken island, we found a number of amphora handles and body fragments, roof tiles, unprocessed
marble blocks, architectural blocks, as well as an anchor. Among the sherds recovered during these
surveys, a total of four amphora handles and sherds of various amphorae are noteworthy (Fig. 6).
Although we cannot get an idea about the period of handles, they clearly point to a commercial

activity in the region.
Fig. 6: Amphora sherds
2.1.1.Roof Tiles

Among the cultural assets identified, roof tiles have a very important place. In addition to four intact
pieces of roof tiles which seem support the presence of a settlement before sinking, we found some

fragments (Fig. 7).

Fig. 7: Roof Tiles

At the beginning, we thought that they belonged to an architectural structure on the sunken island.
Eight more roof tiles were found as stacked and welded to each other (Fig. 8.).
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Fig. 8: Stacked roof tiles

All of the tiles found intact are 0.50 m x 0.25 m in size. It is possible to trace these tiles by their size
and shape. The size of the tiles that were found in-situ in the dome of one of the rooms of the
madrasah in front of the Ilyas Bey mosque, built in 1404 in Miletos by Menteseogullar are close to
our samples. With a length of 0.50 m, they measure 0.30 m wide on one side, and 0.26 m wide on
another. Another example to these roof tiles with a similar dimension was found in Enez. This
structure was used as a small Byzantine chapel, but after the conquest of Enez, it was converted into a
tiirbe (shrine) for Has Yunus Bey. The structure is dated before 1456 when Enez was conquered. The
tiles in the building are 0.51 m long. They measure 0.30 m wide on one side, and 0.26 m wide on

e
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another. It is believed that similar measurements were used throughout the 15th century®..
Fig. 9: Marble blocks plan

It is possible to suggest that our samples belong to the 15th century, as in the above examples,
although they are of the same width on both sides. In the meantime, we believe that these tiles
belonged to a sunken ship loaded with tile that stroke the rocks rather than to a 15th century structure
on the island, based on the assemblage of tiles found piled up on top of each other*.

4 Ozyigit (1990), 171, 172.

42 Based on the stacked tiles seen in Fig. 8, we are of the opinion that these artefacts belong to a shipwreck. However, we
have observed that tiles from this shipwreck were scattered around the island. Apart from that, we must take into account
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2.1.2. Marble Blocks

Perhaps the most important group of artefacts identified during the survey are the raw cyclopean
marble blocks, consisting of 18 pieces (Fig. 9).

They are encrusted with layers of seashells, sea urchins and shipworms. They were not arranged in any
particular order, and some were evenly cut (Fig. 10).

Fig. 10: Cleaning and measurement of blocks

Since they were found together and irrelevantly, they give off the impression that they spilled off a
ship. It’s known that, especially in the busy construction businesses of Istanbul, Proconnesos marble
was usually preferred. Sailors trailed the southern shores of Marmara Sea after crossing the Canakkale
Strait in search of protection from the strength of the south-westerly lodos winds. The Vordonisi
Rocks to the northeast of Marmara is especially open to lodos and extremely dangerous for sailors.
These marbles must be from a cargo that was loaded onto a ship as being cut from marble beds, that
hit the sunken island’s reefs and sank. Therefore, we can assume that a ship loaded with marble that
set sail from Proconnesos sunk after crashing into the VVordonisi Rocks. Additionally, it is known from
correspondence between Pliny the Younger, the Governor of Bithynia and Emperor Trajan that the
marbles carried over the Lake Sapanca were taken to seaside®. Pliny the Younger suggested to dig a
tunnel between Lake Sophon / Sapanca and Astacos / Izmit Bay in order to facilitate this
transportation network. Even though it’s not really clear if this project was ever completed, it’s certain
that the marbles obtained from the marble beds to the east of Marmara Sea reached Istanbul through
the Vordonisi route. Although we were unable to obtain any information about dating from these
marble blocks, analysis of fragments allowed us to learn from which marble bed they came from. For
this reason, in order to determine the marble bed and take the route of the shipwreck, the samples
taken from both the wreck and the Proconnesos / Marmara Island Saraylar Marble Quarries were
analysed from the mineralogical-petrographical point of view in the Istanbul Central Laboratory. As a
result of the analyses, it was proved that the marble blocks came from the Proconnesos Island (Fig.
11).

that the shipwreck may have been destroyed since diving near the island is not prohibited, and the shipwreck is within the
hunting area for fishermen and harpooners.
43 plin.Ep, X. 41.
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Fig. 11: Thin section image under polarized microscope shows that both samples have the same characteristics.

3. NEMSUS PROJECT 2018 CAMPAIGN

The Underwater Survey of the North-eastern Marmara has been taking place since 2016 on the
Anatolian coast of Istanbul and the waters surrounding the Prince Islands. The surveys performed in
2016 and 2017 on the Vordonisi Island continued in the islands of Biiyiikada (Big Island), Sedef
(Mother of pearl) and Heybeliada (Saddlebag) in 2018. A 15-day long survey was carried out between
September 3 and 17, 2018. During this period, surveys were performed in the Camliman1 Bay at
Heybeliada Island, at Sedef Island and the Aya Nikola and Nakibey beaches that lie on the eastern
shore of the Biiyiikada Island.

3.1. Sedef Island

The waters surrounding the Sedef Island is off limits to recreational divers due to the presence of
sunken national heritage according to the Article 35 of the Law No. 2863 on Conservation of Cultural
and Natural properties, except for the scientific dives. Diving was prohibited in the region based on the
above mentioned law following removal of a few amphorae from the bottom of the sea by a group of
recreational divers who noticed the presence of such cultural heritages in 1981. We first cruised
around the island in order to identify any potential architectural remains near the shore. As a result,
remains of a historical building was observed on the northwest shore of the island, which is currently
occupied by a modern boat yard facility. Since there were many boats at the time that anchored in this
part of the island, we performed dives to see whether it was also used as a harbour during Antiquity.
We found a white porcelain milk bowl decorated with blue plants at a depth of approximately 18
meters (Fig. 12). In addition to this, an 18" — 19" century metal anchor was found at a depth of
approximately 21 meters during another dive to the south of the island. A potsherd was found during

the same dive at a depth of approximately 17 meters.

Fig. 12: A porcelain milk bowl! decorated with blue plants.

3.2. Camlimam Bay, Heybeliada Island

The Camliman1 Bay to the south of the Heybeliada Island was our initial site for surveying to identify
the remains of an ancient breakwater structure. Since the depth was too shallow, skin diving technique
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was used for exploration. Scuba diving was required in the following days for explorations inside the
harbour due to increased depths. A bell-like metal object was observed at a depth of 1.5 meters. With
an opening of 0,50 m, its function was unknown. Another remain that was considered to be a building
block was also observed. Among other finds are some potsherds and a column-like object. The most
important find of the exploration dives in the Camlimani1 Bay was a green copper ore bed.

3.3.  Underwater Copper Ore Bed

We know that in ancient times the Heybeliada Island was named “Khalkitis”, which means copper.
Thus, it is not very surprising that the copper ore oxidized under the sea turns green. The green copper
lode was found at a depth of 4 m (Fig. 13).

Fig. 13: The underwater copper lode

The four samples that we took from this spot (Fig. 14) were delivered to the Directorate of Istanbul
Archaeology Museums to be transferred for further analyses to the Scientific and Technologic
Researches Applied Sciences Centre at the Diizce University (DU- BIT). Analysis results to be
published upon completion.

b ebslp

Fig. 14: The samples taken for analysis

Our bibliographic search revealed that it was an important copper mine also mentioned by the ancient
philosopher and scientist Aristotle (de mir. Auscult 834. 58.), and it was known as the “diver’s copper
= khalkon kolymbeten™** that was used to be mined during Antiquity by divers from a depth
approximately of two fathoms*®. More importantly, it is reported that the statue of god in the Temple
of Apollo in Sicyon was made of this copper.

4. CONCLUSION

The most important UCH findings obtained during the underwater surveys conducted within the scope
of the NEMSUS project are the Proconnesian Marble Blocks we discovered on Vordonisi Island and
the underwater copper mine in Heybeliada mentioned by Aristotle. The monastery where the Patriarch
Photios of Constantinople was exiled, is still not fully identified. We believe that the architectural

44 Arslan 2010, 21.

4 2 fathoms = 3.6576 m. The information on the depth of the ore from Antiquity coincides with our finding at the
approximately the same

depth.
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remains we found on Vordonisi Island belong to this monastery. In order to prove this, an underwater
excavation is required on the island.

In addition, the copper production process will be revealed by analysing the samples taken from the
underwater copper mine in Heybeliada. Also Lysippos was the famous sculptor born in Sicyon who
lived in the same period with Aristotle. Thus, the statue of Apollo, which Aristotle mentions, should
have been cast by Lysippos of Sicyon. For this reason, the copper extracted from underwater has a
special importance. It is possible to designate Camliman1 Bay, where the mine was extracted, as the
place where industrial diving first emerged.
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Accessing Underwater Cultural Heritage on dry feet: some Sicilian case
studies.

Francesca Oliveri!

! Soprintendenza del Mare, Regione Sicilia, Palermo, ltaly

Abstract: Even those who do not practice diving undergo the charm of the treasures and
landscapes that the sea can hide. Sicily has paid particular attention to this fact, also thanks
to the fact that at present it is the only Italian region with an Underwater Cultural Heritage
Department, attentive to the sea areas' environment and culture. This has led to the creation
of numerous underwater archaeological itineraries, most of which, since 2004, coupled with
control systems that also allows those who do not go underwater to experience the thrill of a
dive to visit ancient sunken shipwrecks, while allowing continuous monitoring of the
affected area. Such systems were activated in the Egadi Islands and Pantelleria. Today
different needs are born because of the ever-increasing technological innovations that allow
the development of new applications that span from 3D viewers that immerse the museum
visitor in the depth of the marine site or the tablets that illustrate the archaeological finds
through the scenes of recovery and archaeological excavation, as realized for different
exhibitions.

Keywords: Underwater Cultural Heritage, Mediterreanean archaeology, Aegadian Islands,

Pantelleria.

1. INTRODUCTION

Recent decades have seen more and more people approach with passion the world of underwater
archeology: the fabulous discoveries of Commander Cousteau, the expeditions of Ballard, Clive
Cussler's bestsellers and many movie films have contributed to create the romantic image of the wreck
explorer and the sunken treasure hunter, with which every Sunday diver wishes to compare himself.

With the equipment improvement, by the use of respiratory mixtures and innovative immersion
techniques, the human technical limits have been extended, allowing divers to explore sites that were
previously inaccessible, but for some people that also means to easily remove what the seabed has
guarded for centuries: in the nineties the term wrecker was specifically coined to indicate a somewhat
expanding phenomenon, the activity of a circle of divers well equipped and exclusively dedicated to
wreck diving and the recovery of more or less precious objects, to the hoarding of any heirloom torn
from the depths of the sea.

The submerged property has therefore become an easy prey to raids, with heavy damage of the
underwater archaeological heritage, as defined by UNESCO, and that in Italy is protected by the
Superintendencies; still in the prevailing opinion underwater finds seem to be nobody's things and
therefore devoid of any protection, deliberately neglecting the consideration that every intact wreck is
a microcosm that contains a myriad of information on the historical period to which it belongs to and
bears upon itself the signs of events that dragged it to the bottom of the sea and on the conditions of
the navy and passengers of the time.

Dissemination and enhancement of the underwater cultural heritage has been from the beginning one
of the most heartfelt activities for the Soprintendenza del Mare, established in 2004, based in Palermo,
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with duties of protection, management and enhancement of marine cultural heritage in Sicily; it is the
first institutional reality in Italy, and among the few in the basin of the Mediterranean, to deal
exclusively with underwater cultural heritage. Founded and for a long time directed by our recently
lost Sebastiano Tusa, internationally renowned archaeologist and passionate diver, and first
Soprintendente del Mare, (Fig. 1) this regional institute pursues the objective of developing a culture
of the sea according to a multidisciplinary perspective that embraces tradition and history of the man-
sea relationship in its totality.

Fig. 1. The archaeologist Sebastiano Tusa tragically perished in the Ethiopian Airlines plane crash (Sunday
March 10th, 2019).

The work of the Soprintendenza del Mare requires specializations and technological endowments, but
above all a constant relationship of trust and collaboration with the military forces operating at sea
(Port Authority and Coast Guard, Guardia di Finanza, Cultural Heritage Protection Unit of the
Carabinieri, State Police), that day after day thanks to their constant vigilance are protagonists of
operations of seizure and / or prevention against the plundering of submerged sites.

On several occasions the law enforcement agencies operating in Sicily promptly intervened to
interrupt illegal theft of archaeological assets, offering men and vehicles, collaborating in the
inspections carried out by the superintendency of the sea (also with the help of the ROV (remote-
oriented vehicle, a remote-controlled robot for inspections, analysis and monitoring of the deepest
seabeds), contributing to the promotion of underwater archeology education, so raising awareness of
divers and operators of the fishing industry to the correct procedures for reporting sites.

Among the numerous activities the Soprintendenza del Mare has designed and inplemented
routes/itineraries for underwater archaeological parks that can now be visited in line with the
principles of the UNESCO Convention on the protection of the submerged cultural heritage. This
initiative is based not only on the knowledge and awareness of experts, but also of the general public.
Underwater cultural itineraries are the future of underwater archeology and the first step towards the
establishment of submerged archaeological parks: through the creation of guided tours, the
archaeological site itself becomes a museum. The exhibits are not decontextualized to end up among
the innumerable ones deposited in the warehouses of the Italian museums, but are enjoyed by the
public directly in situ, allowing them to enjoy and study at the same time.
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The underwater archaeological routes are made with finds discovered and maintained in their original
position, according to strict scientific criteria adhering to the guidelines enunciated in the UNESCO
Paris Convention of 2001. For these itineraries at first plastic underwater guides have been made that
allow divers to visit the sites directly following the path and the relevant historical indications, now
mostly substituted by tablet apps. . Already activated in Sicily are various itineraries in Pantelleria
Scopello (Trapani), as well as in Ustica (Palermo) and in the Aegadian and Aeolian Islands.

The case studies presented by this paper are the sites of Cala Minnola Levanzo (Aegadian Islands) and
Cala Gadir of Pantelleria: both sites have been chosen for the importance and beauty of the
archaeological context, and for having been the object of experimentation both through remote
monitoring, transformed over the years into a tourist attraction, and for the application of the most
recent 3D techniques with virtual visit viewers.

2. ARCHAEOLOGICAL CONTEXT
5.1. 2.1 Cala Minnola di Levanzo (Aegadian Islands)

The underwater archaeological site of Cala Minnola is located on the East coast of the island of
Levanzo (Trapani), in the archipelago of the Aegadian Islands, few miles from the west coast of Sicily
(Fig.2).

A part from sporadic finds, little is known of frequentation of the archipelago beyond prehistory. The
period of the first Phoenician-Punic colonization is still unclear, though full-bodied clues indicate the
existence of vast Hellenistic-Roman settlements on all three islands.

In particular, on the southern plateau of Levanzo, on the slope above the inlet of cala Minnola,
sheltered by a dense mantle of pine trees sloping towards the sea, there is a large rural settlement with
a large water catchment area, where, moreover, there are indications of other installations.

But the aforementioned settlement seems to be of considerable importance as it has mosaic-paved
rooms. It would probably be a "villa", home to an agro-industrial control and exploitation structure,
almost certainly extended to the whole island. It is certainly connected to the very interesting fish
processing factory ("garum™ production) located on Punta Altarella (TUSA 2005, pp. 55-57).

Between the 4th and 3rd centuries BC the Carthaginian eparchy creates a system and a network
especially between North-Africa, Sicily and Sardinia that provokes the emergence of a maritime force
that had full control of the Mediterranean. This control and this strength were based precisely on a
close connection between Carthage and Sicily where the Punic cities of Mozia first, and Lilibeo later,
prospered, but also Selinunte, conquered after 409 BC, Erice, Panormo and Solunto.

The North African territory and western Sicily were interconnected through a dense network of
political, military, cultural and commercial connections.

This geographical pin has its vital fulcrum in its maritime connection through the Sicilian Channel,
Pantelleria and the Egadi Islands. The reason for the particular abundance of Punic-Hellenistic
testimonies in the Aegadian seas, as well as those of Pantelleria and the Sicilian Channel, is therefore
fully understandable. In that period through that sea an intense commercial and military traffic is
realized that constitutes the backbone of a power that clutched in an apparently unassailable vice the
whole Mediterranean.

Page 113



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Isola Grande

Marsala  yrerrs

Fig. 2: The site of Cala Minnola, Levanzo, Aegadian Islands.

Similarly, Rome, in fact, pursuing an already consolidated economic and cultural system, built its
fortune on a network of nordsud connections to and from Africa of great depth. In this way the
presence of archaeological evidence on the territories of the Egadi islands, a true link between Italy
and Africa throughout the Roman period, is also justified. The site, extending 200 meters towards N-E
from the coast of the island for an estimated area of 750 square meters, preserves the wreck of a
Roman cargo ship at a depth from the sea level ranged from 25 to 30 meters. The area is close to the
above mentioned nonPunta Altarella garum plant.where there are the remains of someplastered basins
cut into the rock that are belonging to a garum of Hellenistic and Rroman period,.supporting the
hypothesis that the ship could have contacts with the plant itself.

The site is characterized by a complex morphology, in fact, the shipwreck lies on a sandy seabed
surrounded by a boulder field that rises until a depth of 12 meters. Furthermore, the area is covered by
large seagrass beds of Posidonia and presents both strong surface and deep-sea currents.

The Roman ship sunk off the coast of Cala Minnola bay in the first century BC. It was carrying about
50 wine hundreds of amphorae of the Dressel 1B type, a tall cylindrical amphora with angular
shoulders, long straight handles and a collar rim. This form is the most important Italian wine amphora
of the late Republican period, with a wide distribution around the Mediterranean (with many examples
from shipwrecks) and across the north-west provinces. This type of amphora was produced mainly
along the Tyrrhenian coastal area of Italy from Etruria to Campania, where a number of kiln sites are
known ( Manacorda, 1981;Tchernia, 1986; Panella 1989). However, away from this area kilns have
also been discovered at Cropani Marina ( Calabria), and at Baxos (Messina), in the ager Volterranus
and ager Pisanus, Rosignano Marittima, and at Naxos (Sicily). (Fig.4)

The Cala Minnola ship wreck had been known for a long time and had been subjected to frequent
looting. With the research carried out in the spring-summer of 2005, what remains has been fully
uncovered. These are the remains of the cargo of amphorae (47) and fragments of black painted
ceramics (on board pottery). (fig. 3) The presence of the hull was perceived only by intuition through a
few wooden fragments and lead fistulas (bilge tubes). The amphorae, lined in pitch, were used for the
transport of wine; however it is not unlikely to think that the same amphorae, arrived on the island full
of wine, could then be reused to contain the garum produced in the Punta Altarella plant.
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Fig. 3: The remains of the Cala Minnola shipwreck.

A similar situation seems to have occurred with regard to the cargo of amphorae carried by the sunken
ship near the current tourist port of Porto Palo di Menfi (AG) (Oliveri 2016, pp. 155-159).

In this case the naval load, located about eighty meters from the shore, between 2,50 and 4 meters of
depth, consisted mainly of amphorae of the type Dressel 1 A and Punic of the type Ramon T- 7.5.1.1.
and Ramon-type amphorae T-7.5.2.2, which allow a dating from the second to the first century BC.
These mixed amphorae that make up the dominant part of the entire load, are characterized by having
kept a fair amount of content: residues of bones and vertebrae of tuna, but also sardines, crustaceans or
other species (used for garum fish sauce, so loved by the Romans). The presence of murex and bones
in several "wine - italic" amphorae allows us to hypothesize that the containers could have been reused
in a cargo, perhaps returning from North Africa. As for the possible route that the boat might have
followed, these elements lead to think that the wreck is relevant to a boat operating in Roman Sicily in
the first century. B.C. for small cabotage businesses along the coasts of the island or at most between
Sicily and Africa with an intermediate stopover.

During the underwater excavations of Cala Minnola an amphora was found bearing on its shoulder a
stamp in whose legible part appears the term PAPIA. It seems very likely that this stamp refers to a
wealthy Roman family of agricultural producers, ship-owners and exporters of wine in the
Mediterranean, originating from the northern Sannio region, in the area that would later be attributed
to the municipality of Aufidena. In particular, it is probable that the stamp belonged to a female
exponent of this family: Papia Tertia, who lived around the middle of the 1st century BC and of which
the sepulchral monument is known with the inscription bearing her name and the incomplete ones of
the husband and son (CIL IX, 2771). (fig. 5)
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Fig. 4: Amphorae details from the shipwreck. Fig. 5. Papia stamp.

It would seem strange to think of a wine trade from Campania toward the South where wine
production was already attested. Moreover, in Levanzo surface archaeological investigations have
detected the presence of a settlement of the same period whose characteristics seem strongly directed
towards agricultural activities. But the wine trade phenomenon towards areas where wine production
was present is frequent in Roman antiquity because it responded to economic logics based on the
guality and the quality of the products, as well as on fashions and, therefore, on its request by
demanding consumers.

The fact that the Cala Minnola amphorae lack the opercula which normally sealed the content has
raised the supposition that, once they were emptied of wine, they were reused to contain garum on the
way back towards peninsular Italy. In fact, the shipwreck took place exactly in this area where, in the
same period, a factory which produced garum, typical seasoning of the Roman and Greek cuisine,
made from the fish entrails, was active. This could have meant that the ship had commercial contacts
with the mentioned establishment. During the sinking, the vessel broke into two amidships and many
pieces of the hull and amphorae were scattered across the seabed.

Already in the 1968, the magazine “Submerged World” had pointed out the presence of the amphorae
deposit on the sea floor of Punta Altarella, near the oriental coast of Levanzo Island. The shipwreck
was discovered only two years later in 1970, and since then it has been subjected to frequent looting
along the years. Regular excavations were carried out only in 2005 by the Soprintendenza del Mare
della Regione Sicila, confirming that such finds, Dressel 1B wine amphorae belonged in fact to the
shipment of a Roman cargo ship. The remains were covered by a layer of sand half a meter thick that
consist in amphorae and fragments of black-painted pottery (ceramics used on board) dated to the first
half of the 1st century BC. The research activities went on for half a year and since the July of 2006,
the archaeological site is monitored by means of a video surveillance system. Today, it is possible to
see on the seabed the original position of the ship’s cargo after its rolling over the rocky slope. Few are
the traces of the wooden elements of the vessel, and only one lead pipe (belonging to the bilge pipe) is
present. A great number of amphorae, about fifty, and fragments of black-painted pottery lie at a depth
of 27 meters in the place where the stern sunk. The bow of the vessel sunk 50 meters far from the stern
and its position has been identified thanks to the discovery of a large bower anchor.
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2.2 Pantelleria (Cala Gadir)

NN
. "_

Fig. 7. View of Cala

Fig. 6. Map of Panellerié (Trapani) with the site of Cala Gadir
Gadir

Pantelleria Island (Sicily) or Cossyra, according to Classical sources, probably inhabited since the
Neolithic (5th millennium BC), because of abundancy of obsidian, one of the first materials used to
construct objects in ancient times, that attracted the surrounding towns of the Mediterranean, was
romanized since the 3rd century B.C., when the island became a strategic control point of the Sicilian
channel. Since antiquity, navigation around Pantelleria was challenging due to frequent, forceful
winds and strong marine currents (Abelli 2014).

As a result, the seafloor of the island is characterized by the presence of a large number of ancient
shipwrecks, most of which date to the Punic and Roman periods. Nevertheless, Pantelleria is located in
a strategic position, 38 mi. from Cape Bon in Tunisia and 74 mi. from Lilibeo in Sicily. Especially
during the 3rd century B.C. at the time of the First (264-241 B.C.) and Second (218-202 B.C.) Punic
Wars, Pantelleria’s unique geographical location is one reason why Roman armies fought Carthage for
the conguest of Pantelleria (ruled by Phoenicians since the 9th century BC) and the control of the
Sicily Channel. The fortune of the island continued in the Late antique age thanks to its strategic
position in the naval routes and its ceramic productions (Pantellerian ware) are found throughout the
Mediterranean basin.

Examining the coasts of the island of Pantelleria, in search of the most possible and probable ancient
landing place for cargo ships coming from the east and south, one cannot help but consider Cala
Gadir; the reasons for this attention are justified by the fact that it possesses all the fundamental
requirements for having been an ancient port of call. Place of ancient shipwrecks of cargo ships
carrying wine amphorae, oil and containing dried or pickled fish of various ages, culture and
provenance, it is an excellent natural shelter from all winds, except the east. In ancient times, the sea
penetrated for about 200 meters, evidently making the landing even safer. The nature of the terrain,
steep for the entire eastern part of the island, is at that point sloping, therefore indispensable for
loading the merchandise from the ship and in any case Cala Gadir is, together with the nearby Cala
Tramontana and Cala Levante, the only landing place available to ships coming from eastern Sicily,
Greece, Malta and the East in general. The use of Cala Gadir as a port of call in antiquity is also
proven by the existence, at a depth varying between 18 and 106 meters in an area of thousands of
square meters, of multiple traces of wrecks that lay and lie, more or less buried by sand and mud. Of
these wrecks are visible above all parts of the load consisting of different types of amphorae and
various ceramics and limited wooden parts of the hulls. The typology and chronology of the amphorae
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allow to deduce that in the area numerous boats passed between the 3rd century BC and the 2nd
century AD, pertinent to cultures of different origins. In fact, amphorae that came from the Magna
Graecia (of the Greek-Italic type), from various Roman ports of the peninsula (of the Dressel type 1A,
IB, IC, 2-4) and from the North African Punic environment can be found (fig. 8).

Fig. 8. Amphorae and anchor stocks from different periods checked during the creation of the Cala Gadir
underwater itinerary
The itinerary of Cala Gadir was carried out by the Soprintendenza del Mare and by the archaeologist
Marco Chioffi, with the Collaboration of the Cultural Heritage Protection Carabinieri group and
Divers Group of the Carabinieri, of the Municipality of Pantelleria and of the Diving clubs of
Pantelleria .

The route is located in a portion of the seabed that from the inlet of the marina, descends towards the
North West until it reaches a depth of about 30 meters. The dive can start from the ground or
descending along the vertical line of the buoy located about half immersion. Near the buoy that
indicates the route, there is a yellow buoy with a light signal that allows the mooring of boats
authorized to make the visit.

It is also possible to reach the spot from the ground: the entrance corridor is marked by yellow / white
buoys. Proceeding for about 20 meters in a northerly direction, a rocky ridge at the base of which - at
about 16 meters of depth - there is a wooden fragment of a boat half hidden in a crack in the ridge
itself is visible.

Continuing north-east, at a depth of about 27 meters there is a group of 6 Punic and Roman amphorae,
located a short distance from each other. These amphorae are framed by the cameras of the underwater
remote control system installed nearby and which sends the images directly to the web. Continuing in
a north-eastern direction, on a plateau at a depth of about 29 meters there is a Roman anchor in lead
(3rd - 2nd century BC). Climbing up the southeastern ridge to reach a plateau at a depth of about 24
meters there are various finds including some amphora hills, continuing south, going up about 16
meters, various fragments of pottery conclude the journey and direct the visitor back to the south-west
towards the entrance corridor.
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3. REMOTE CONTROL SYSTEMS AND VIRTUAL REALITY

Today, the remote control systems constitute an enhancement method and use of non-invasive and at
the same time less expensive traditional archeological diving sites, while allowing continuous
monitoring of the interested area.

In Cala Gadir (Pantelleria), where the largely robbed, remains of at least two wrecks of the Punic-
Hellenistic age lay, the STARS Project (System Integrated for the Protection of Underwater
Archeology) ensures 24h monitoring: underwater cameras send in direct images from the
archaeological site, located at - 30 meters, to the dedicated website, allowing the user to connect from
home. The interactive version also allows the user to scroll the cameras on the tracks and observe the
findings from different angles, even with night ligh.

The STARS project intends to create a dedicated integrated system to the protection of underwater
archaeological heritage and the dissemination of images and information of the most interesting sites
with the purpose of protecting underwater sites and tourist attraction.

Around the selected sites some are installed and fixed at the bottom equipment: cameras with "motion
detection" system, ultrasound transceivers, environmental data sensors.

In addition, a camera is installed on the surface. All the signals are encoded and sent via radio to a
Control Center. The system is therefore able to signal, combining the signals of motion detection and
ultrasonic sensors, any intrusions in the site area. Both the signals from the Control Center arrive
alarm that images as well as environmental data. In the event of an alarm a signal is automatically sent
to law enforcement mobile terminals (or to those responsible).

The full enjoyment of the finds by distant subjects is ensured by distribution of real-time footage via
the web.

To better protect the cameras, removing marine organisms that quickly take root, a completely new
ecological antifouling protection has been used and successfully tested by the CNR of Palermo. It is an
antifouling agent based on a simple and effective nanotechnologic material that uses a "sol-gel" hybrid
paint, developed by the CNR of Palermo. Hybrid means an inorganic material such as silica-based
glass organically modified by chemistry; the paint thus forms a hydrophobic film which does not
allow marine organisms to adhere on the treated surface. It is an ecomonic and completely non-toxic
system which only needs to be renewed periodically every 24-36 months. This system saves
considerable human and financial resources necessary for mechanical cleaning cycles of the system
used so far, allowing to leave undisturbed the delicate archaeological site and limit the environmental
impact.

A remote control system is also active in Cala Minnola (Levanzo, Egadi Islands) consisting of four
cameras positioned on the homonymous site, which, through a cable, send images of the in situ wreck
from the 1st century to. C., with a load of wine amphorae and anchors, to Favignana, where on the
premises of the Municipality a viewing room is set up: this allows both to avoid depredations and also
to offer the possibility of enjoying the beauty of marine landscape and to admire the finds even to
those who do not want to dive.

Lately, during the exhibition Mirabilia maris. Tesori dei mari di Sicilia, held from November 2016 to
March 2017 in Palermo, Norman Palace, Fabio Bruno and his team of the University of Calabria
presented and tested on visitors the Cala Minnola virtual dive experience.

The virtual dive experience can be exploited by users in a semi-immersive or immersive manner (fig.
9). The two different modalities are characterized by different hardware architecture and levels of
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immersion, interaction, and presence (Bruno et al., 2019). The second architecture allows users to
perform an immersive experience through the adoption of head-mounted display (HMD) technology.
The HMD isolates the user from the distractions of the actual physical environment and encompasses
the entire field of view, including the peripheral space. The navigation in the virtual environment is
performed by the user by moving his/her head and interacting with a joystick. Compared with the first
architecture, which relies on monitors for the visualization, in the immersive environment, users
receive audio contents instead of visual information when interacting with 3D objects and points of
interest (fig. 10).

The virtual dive system can be efficiently adopted to enhance the large public’s awareness about the
underwater cultural heritage and to promote the specific underwater archaeological site by allowing
non-diver tourists to live a realistic virtual experience of the exploration of the wreck site. In fact, due
to the environmental and physical body limitations, not all archaeological sites are accessible to the
large public. These limits are more stringent in the underwater environment where only expert tourists,
with diving license, can overcome the difficulties imposed by the environment and depth to enjoy the
submerged cultural treasures. Then, thanks to the virtual dive system, the user can experience a
realistic diving experience in the underwater wreck site.
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Fig. 9. Virtual dive experience Fig. 10. 3D reconstruction of Cala Minnola
Site

The fruit of these experiences of collaboration between the Soprintendenza del Mare and international
bodies can be exemplified by a new exhibition: [IN] ACCESSABLE (projected by Francesco
Spaggiari, GUE Global Underwater Explorers), held in Parma from April to August 2019, with the
aim of creating the first AR-VR exhibition of the treasures of the seas of Sicily, through the use of
underwater cultural heritage and the marine environment entirely developed through the first virtual
diving simulator. The virtual experience is based on an innovative platform composed by the display
of archaeological finds connected to a mobile application of augmented reality (AR) and virtual reality
stations (VR). The mobile AR application allows visitors to directly access different digital
information content concerning the main uniqueness and characteristics of the object being viewed
through their smartphone or tablet. The VR workstations are designed to offer the maximum
immersive simulation experience of the underwater environment, are divided into two categories
according to the technology used. The systems employed inable to have complex 3D models and very
high definition 3D360 videos that project the user into an interactive virtual world. The new high-tech
tools make the inaccessible accessible (Fig. 11).
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Fig. 11. Moments of the exhibition [INJACCESSABLE in Parma, APE Monteparma Museo

4. CONCLUSIONS

Modern archeology and an updated museography impose the reading of finds not only through their
aesthetic, typological and technological characters, but also through their context, such as bearers of
historical values understandable in the relativity of sets.

This does not only respond to updated archaeological investigation criteria, but also to the needs
inherent in transposition informative of what the research is bringing to light. There are still very few
equipped and usable underwater archaeological itineraries or areas to the public, both Italy and the
international field. Indeed, there are many archaeological diving sites, destination of guided visits, by
the various local diving clubs, but these are sites that are not protected and, in any case, without any
signage and didactic and preparatory organization to the visit.

The world of associations plays a very important role, channeling positively the passion of diving
enthusiasts, more and more numerous, towards activities monitoring sites at risk or volunteering in
archaeological investigations already underway.

Diving, associations, etc. through reports and collaborate in the identification and protection of marine
sites at risk of plundering, defend submerged cultural assets e contribute to spreading a new concept of
use of the underwater heritage.

More and more often local associations and diving centers ask the Soprintendenza del Mare for the
organization of local courses available to senior diver who wish to learn the most correct way to relate
to the submerged cultural find, through greater archaeological awareness, a basic knowledge that
allows to recognize the classes of finds and how to carry out in the case of finds, a correct report,
accompanied by exact data and photographic documentation, without disturbing the delicate balance
of the site.

Furthermore innovative digital technologies fit the Unesco’s recommendations for a respectful
exploitation of the underwater cultural heritage and represent a concrete and efficient response to the
challenge proposed by the European Parliament for a smart, sustainable and inclusive growth of the
maritime and coastal tourism. In fact, the VISAS project has been accomplished taking into account
both the needs of diver and no-diver tourists in order to provide them with digital technologies that can
be adopted inside and outside of the submerged environment. In fact, if on one side the augmented
diving system improves the diver tourists’ experience in the submerged archaeological site, on the
other the virtual dive system makes the underwater cultural heritage the most accessible possible to the

Page 121



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

general public without any constraint given by distance or time. Archaeological sites accessible also to
non-divers.
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Preservation, management and protection of Tangible Underwater Cultural
Heritage of Anfeh (North Lebanon)
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Balamand

Abstract: Appreciating the tangible and intangible maritime culture of coasts is becoming essential for
archaeologists working on coastal zones which are among the most confounding and fragile of all
ecological systems. The organization of these coasts capes presents various issues and difficulties. The
paper focuses on the northern Lebanese coast where a spearheading venture is implementing new
means for sustainable development, using not only archeological assets but social and economic
parameters as well. It investigates methods for safeguarding the characteristics and the social resources
of the coastal town of Anfeh through a multi-disciplinary methodology, handling both the natural and
the cultural assets of the site and resulting in the management plan of urban scenes and underwater
archeological trails.

Keywords: Management of Cultural Heritage, Coastal landscape, Cultural landscape, Intangible
maritime culture, Conservation.
6. INTRODUCTION

Anfeh is a coastal town located 15km North of Beirut the capital of Lebanon.
It expands to the west by a 400m long east-west oriented promontory (Fig. 1).

Fig.1: Aerial view of the promontory of Anfeh; © Lebanon Untravelled.

The nose-shaped promontory is separated from the mainland by an 11m deep and 100m long
Crusader’s moat wrongfully attributed to the Phoenico-Persian period as a dry dock by the local
population (Fig. 2).
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Fig. 2: Crusader’s moat with the spur of the drawbridge seen in the background (© Rita Kalindjian)

Greco-Roman and Medieval vestiges are scattered all around the town, but are unstudied and badly
preserved, hence giving way to all sorts of popular interpretations.

Anfeh’s identity lies not only in its cultural and historical background, but in two other parameters,
namely its geological data which is quite remarkable for the Quaternary and Holocene periods (Elias,
in press) and its very rich biodiversity (Figs. 3 - 4).

Fig. 3: Selection of Flora from Anfeh Fig. 4: Vermetid reefs forming Anfeh’s peninsula

(© Rita Kalindjian and Nadine Panayot Haroun) (©Nadine Panayot Haroun)

The ethnographic campaigns directed by DAM since 2013 identified two different sources of income
for the local community. Until the start of the 20th century, the coast and the inland region’s economy
of Lebanon and Anfeh in particular swung between angling, salt extraction and rural practices. Today
the inland's rural economy is practically nonexistent and the waterfront scene is profoundly devoured
by the massive travel industry and its unsustainable advancement. Resorts and marinas are filling out
the spaces left, imposing an artificial waterfront scene. This is disintegrating the significant social
legacy of Anfeh causing environmental aggravation, land-use change, and loss of social cohesion
(Panayot Haroun and Trovato 2019) (Fig. 5).
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Google Earth

Fig. 5: An aerial view of Anfeh’s coast showing the fishermen’s port (in the red circle) between two resorts
(Modified from Google Earth, 2018).

7. HISTORICAL BACKGROUND AND ARCGAEOLOGICAL EVIDENCE
2.1. Literary sources and archaeological evidence:

The archeological campaigns ashore and submerged conducted by DAM, since 2010, have uncovered
the presence of archeological remains proving that Anfeh and its hinterland is a rich and promising
site. The outcomes have asserted four noteworthy occupation levels underneath the salt ponds going
back to the Chalcolithic Period, which is represented by two funerary jars found in situ, followed by a
Bronze Age occupation period of Anfeh also known from the 14th century Tell E1 Amarna letters’. In
these letters, Anfeh is identified with Ampi and is referenced several times (Freyha 1972: 6; Salamé-
Sarkis 1999: 78). In his correspondence with the Pharaoh, the lord of Byblos Rib-Addi makes
reference to the fleet of Ampi (EA 71, 72, 76, 95, 102; Collon and Cazelles 1987: 296; Salamé-Sarkis
1999: 78). The Late Byzantine period constitutes the third occupation level at the site revealed by a
multitude of religious spaces, such as the chapel of Saydet El Rih (Our Lady of the Wind) which was
excavated by DAM in 2011 and 2012. The chapel was first built during the 6-7th century AD, and
then expanded during the Medieval Period 12-13th century AD. Furthermore, during the Crusader’s
period, Anfeh is known under the name of Nephin and later during the Mamluk’s period as Anafah. It
was a fortified town popular for its wines also known as "the Citadel”. DAM's excavations on the
promontory of Anfeh have revealed the rampart’s large and embossed blocks and the pavement made
of large calcareous slabs. The medieval fort is currently being virtually reconstructed.

2.2. Material culture:

A variety of wine jars found in the fortress brought to light the whole process of wine making dating
back to the medieval period. A wine of “high quality” according to the literary sources and making
Anfeh famous during the crusades period (Figs.6 and 7).
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Figs 6- 7: Wine jars with traces of rope and plaster, used to seal the jars after the fermentation process. 13" c.
AD (© Ibrahim Shaddoud)

The question of accessibility to and from the promontory has been addressed by the archaeological
maritime team working within the multidisciplinary project of Anfeh. Thus, four different slipways
have been identified and give access to the water around the promontory of the fortress legitimately
allowing the transportation of wine, perhaps to an adjacent harbor or jetty. Indeed, due to its rocky and
heavily eroded interface, locating harbor potentials in Anfeh is a complex task as determined by the
maritime team which used a wide scope of field approaches including an investigation of the marine
geomorphology and underwater visual and geophysical surveys coupled with several underwater
excavation seasons. The results have identified several types of natural harbors at Anfeh such as
offshore shallows, reefs, bays, coves, and river mouths (Panayot Haroun and Semaan in press). These
common harbors have been used by the local population and were associated with the land settlements
throughout the ages. Individuals carved the rock and adjusted the morphology of the terrain to meet
their requirements, thus creating protected spaces where they could moor their boats temporarily until
they reached larger bays and harbors further North or South of the promontory.

The underwater investigations have localized 58 anchors of three different types, in the waters of
Anfeh, holding in either one, two or three holes and varying in weight from 9 to 300 kg (Semaan in
press). The concentration of some of these anchors puts forward the potentiality of commonly-used
anchorages. These are located south of the promontory and parallel to it (Fig. 8).

Literary and archeological evidence just as ethnographic practices vouch for the inherent connections
that the town had, and still has, with the Mediterranean.
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Fig. 8: Location of the concentration of the anchors south of the promontory (Map: Enzo Cocca)
3. STRATEGIZING THE CONSERVATION OF THE SITE

3.1. General approaches

Several approaches can be tackled when strategizing a mitigation or a conservation plan for a cultural
heritage site. This is due to the fact that sources of threats for an archaeological site are multiple and
diverse. Nevertheless, most of these threats are connected to the way current developments of social
orders are taking place. Protection endeavors are still, much of the time, attempting to address just one
of these dangers, the one that is generally and unmistakably the most relevant: Physical disintegration
(Palumbo, 2002). Intangible heritage addresses a significant role in how individuals connect with their
social situations and the significance of these qualities sway on the manners by which individuals react
to protection needs (Clarke and Johnston, 2003). However important and necessary, conservation
approaches have traditionally excluded the impalpable heritage and have focused mainly on the
material culture, thus lacking acknowledgment of its relevance; Hence the importance of documenting
traditional fishing and salt extraction practices through ethnographic field work.

Furthermore, the recognition of the financial potential of impalpable heritage as a significant asset can
promote organized governance and subsequently can guarantee the protection and conservation of the
different parameters of a site encompassing its instructive and monetary potential (De la Torre, 1995).

Although the following paragraph focuses on the management of the underwater cultural heritage, it
will however show that evaluating the reasons for the disintegration of our archeological legacy and
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reacting to these dangers by assessing them early on in the conservation planning of the archeological
legacy, is the best way to limit the impacts of the numerous elements of deterioration.

3.2. Anfeh as a case study

DAM forestalled a multidisciplinary and interdisciplinary project which is growing organically around
the site of Anfeh. Several surveys campaigns were organized since 2010 followed closely and often
simultaneously by excavation campaigns on land and underwater. A noteworthy focal point of this
undertaking was to reconstruct the historical data of the site by joining archaeological
information from excavation’s literature reviews, of both ashore and submerged material culture, with
an investigation of epigraphic sources, as well as ethnographic information gathered from oral
accounts (Panayot Haroun,  2015). Indeed,  oral history contributes different perspectives  and
viewpoints that fill in the holes in archived history, sometimes even revising or infirming the records.
Questioners allow individuals whose accounts have been untold or overlooked
to complete the data collected (Lang and Mercier, 1984).

As underlined above, Anfeh’s identity lies not only in its cultural and historical assets but in its
remarkable natural resources as well. Thus, its geological setting, as well as its flora and fauna were
systematically documented and inventoried. This led to a successful holistic conservation approach
that takes into consideration both natural and cultural heritage including their tangible and
intangible parameters, with the objective of promoting sustainable development.

Nevertheless, this paper will focuson the underwater natural and  cultural  heritage and
its preservation since it is an inherent part of the 17 Sustainable Development Goals (SDGs) set by the
United Nations General Assembly in 2015, for the year 2030. Indeed, Goal 14 “Life below water”
aims “to conserve and sustainably use the oceans, seasand marine resources for sustainable
development”.  The goal emphasizes the need to  incorporate good governance Instruments
to consider "anthropogenic  activities occurring outside of the ocean”, thus developing
the perception of the seamlessness of seaand land. Concerns with respect to sea well-being in
dangerous angling practices and marine contamination are also considered as seas are an integral part
of economies. The objectives incorporate averting and  lessening  marine contamination  and
acidification, securing marine and coastal biodiversity systems and managing angling. The dual
objective of natural, cultural ecotourism promotion and sustainable local economic development
requires an integrated planning approach that buildson the existing natural, cultural and
human capital of local areas without adversely affecting this capital.

With these various concerns in mind and the large variety of data at hand, many initiatives were
undertaken by DAM to build affinity and awareness with the nearby population since 2012,
A series of activities were implemented such as giving ordinary discussions to present the
archaeological finds to numerous gatherings within the town as well as taking part in international
conferences; Allowing the locals to assist the archeologists in their field work through explicit
projects, for example: "Be an archaeologist for a day" and children ceramics workshops. These initial
steps were trailed by educational documentaries and academic exhibitions that represent the promising
work conducted. Involving  the native population  in educational and  scientific ~ knowledge
assortment was the key to acquire its trust. Engaging citizens is a process that creates a participatory
culture, thus resulting in the unanimous signing of the Hima accord by the municipal council
of Anfeh with the SPNL (Society for the Protection of Nature in Lebanon) on September 22, 2017.
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Hima means “protected area” in Arabic; it is a community based approach used for the conservation of
sites, species, habitats, and people in order to achieve the sustainable use of natural resources.

Signing the boundaries of the protected space enabled us to become a stakeholder in the governance of
the town, planning efficiently and properly the preservation of both nature and culture by
incorporating them into sustainable development schemes for a positive effect on a low-income
community. The Hima Committee undertook several actions which are already bearing fruits in terms
of conservation and economic development. These are:

- Commissioning the Institute of the Environment (IOE) of the University of Balamand
to conduct a study for the assessment of the fisheries’ sector in Anfeh;

- Commissioning a private diving club for the monitoring of the sea urchins. Indeed, the development
of small scale barrens of sea urchins on the shores of Anfeh has been reported one year after the
application of protective measures. These early actions contributed to the implementation of the rules
and regulations of the Marine Hima of Anfeh, by controlling and properly managing the fishery sector
and the angling practices turning them into respectful practices of the biodiversity.

- Since April 2019, DAM is in the process of developing an underwater cultural and natural heritage
trail south of the  promontory  of Anfeh in partnership with  the IOE of UOB and
the municipality of Anfeh. This will highlight the series of anchors uncovered by the maritime
archaeological team and leftin situin order to preserve their significance following their full
documentation (Fig. 9). The objective of the UCH trail is to build a cooperative effort to coordinate
education and preservation of UCH across the Lebanese territory. Maritime history and heritage can
be explored in many ways; this trail gives a novel chance for the general public to experience various
submerged material cultures, geological formations and endemic species. Divers will visit the sites in
native Mediterranean environments, giving another dimension to the history of the town.

Many of the spotson the path had been used for maritime archeology coaching courses and
archeological recording techniques offered by the Department of Archaeology and Museology and the
Nautical Archaeology Society (NAS) which organized the first field school in underwater archaeology
in Lebanon, with thesupportof the Honor Frost Foundation (HFF) as part of
its initiatives to build local capacity in the country.

When the trail will be launched, divers will be able to enjoy a self-guided tour of the path using an
interpretive booklet and interpretive signs for the trail to explore a wide wide variety of types
of anchors spanning nearly 5,000 years as well as the different species of fauna and flora that are
endemic to the region of Anfeh, or hire a local guide who would take the visitors on a tour.

The implementation of the UCH trail will surely accelerate the process of registering the waters of
Anfeh as a Marine Protected Area through the Ministry of the Environment.
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Fig. 9: Different types of anchors south of the promontory (© M. Salma)

4. CONCLUSION

The conservation strategy used by DAM contributed to a re-appropriation of the local inhabitants of
their own heritage investing and turning a once static and dilapidated space into a dynamic one. They
have subsequently facilitated the implementation of best governance.

Indeed, heritage includes a large scope of social scenes and landscapes, from current social center
points to remote traditional milestones. Alongside a network of traditions, customs, and stories, these
noteworthy archaeological and historical elements constitute the present landmarks of cultural
landscapes. Securing the protection of heritage requires coordinated the effort, commitment, and
inclusion between a wide range of NGO’s, governmental bodies and institutions, and civil society. The
“Hima” concept offers such bottoms’ up approaches by empowering the members of the civil society
and giving them the right to be involved, to communicate, to choose and
to decide what should be protected and what should not be within the limits of their own direct
environment (city, town, village). However, the decision making process is achieved in close
collaboration with the municipal council which in turn answers to the different ministries involved,
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insuring a smooth transition towards sustainable practices and the development and economic growth.
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Community Cultural Infrastructure: Sustainability of the maritime and
underwater Cultural Heritage of Bocachica, Cartagena

Liliana Patricia Rozo Pinzén?
!Archaeology student — Universidad Externado de Colombia

Abstract: The present investigation develops in the framework of the project of the grade of the
Archaeology program in the Universidad Externado de Colombia, entitled “Community Cultural
Infrastructure: Sustainability of the maritime and underwater Cultural Heritage of Bocachica,
Cartagena”, which wants to consolidate the underwater archaeology Laboratory, located in the
Fuerte de San Fernando de Bocachica, Cartagena de Indias, as a Community Cultural
Infrastructure (CCI) ; with a view to the sustainability and protection of the Maritime and
Underwater Cultural Heritage of the Corregimiento de Bocachica; establishing in this way a node,
that is, a point of meeting and building relationships, between the Maritime and Underwater
Cultural Heritage and the various interest groups that are linked to the Laboratory (community of
the place, academy institutions and state institutions) that allow to promote the social
appropriation of the heritage, the active cultural participation, the strengthening of the identity
bonds and contribute to the research, conservation, management and divulgation of the Maritime
and Underwater Cultural Heritage of this place.

Keywords: Bocachica-Cartagena, development, sustainability, Maritime and Underwater
Cultural Heritage, Community Cultural Infrastructure

1. INTRODUCTION

The Project is develop in Bocachica, Cartagena, located on the Isla de Tierrabomba, in the Caribbean
Sea, en Cartagena de Indias, Colombia, and is part of a rural area of the city (Alcaldia de Cartagena,
2016). in this sense, their sociocultural constructions are framed by the dynamism of the different
forms of life adapted in relation to the marine environment, said dynamism and diversity of ways of
appropriating the sea from the economic, institutional or symbolic spheres, constitute their identity
both individually and collectively (Rubio, 2014). Therefore, the community of Bocachica has a broad
cultural potential, product of historical and territorial processes related to the sea, the foregoing is
understood in terms of Maritime Cultural Heritage of a material and immaterial nature, which
converges in the multiple expressions of the daily life of the inhabitants of the place, since they are
part of the daily landscape of Bocachica (Rubio, 2014).
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Fig. 1: Location of Bocachica

In 2015, during the dredging of the navigation channel, in the bay of Cartagena, in front of the Fort of
San Fernando de Bocachica an archaeological site was found, where from the identified material
evidences it was considered that the site could possibly be belong to a shipwreck, a ship of colonial
Spanish line of the eighteenth century, which together with other 5 ships, was part of the military
complex for the Spanish defense in the battle of the taking of Cartagena de Indias when the English
Empire in 1741 tried to invade the port of the city (Fundacion Terrafirme, 2017).

After the discovery, it was thought about a strategy of management of the underwater Cultural
Heritage in Bocachica; and therefore, considering the potential of the Cultural Heritage, and especially
the underwater archaeological potential, with which Bocachica has in. At 2016 the Universidad
Externado de Colombia in agreement with the Instituto Colombiano de Antropologia e Historia
(ICANH) and the Escuela Taller de Cartagena de Indias, proposed a project for the reactivation of the
Fuerte de San Fernando, and within this, with the intention of responding to the needs of the
archaeological project of the possible shipwreck, for the conservation of inorganic material extracted
from the deposit, it was thought in the opening of an infrastructure for the preservation and
conservation of the Underwater Cultural Heritage. This proposal, established a diagnosis with the
guidelines and basic parameters for the constitution of the laboratory and the consolidation of trained
personnel for the conservation of the Underwater Cultural Heritage of this place.

This laboratory, is located inside the Fuerte de San Fernando, and when making use of its facilities,
aims to help the revitalization of the fortification and become a space for community meeting, to
integrate this form into the cultural dynamics of the Community and generation of spaces for
community socialization. Which, makes relevant, the potential of the laboratory in terms of
management, not only of the Underwater Archaeological Heritage, but also in the Maritime Cultural
Heritage of Bocachica, represented in the various cultural manifestations and the associated
materiality.

Thus, the project that is being carried out, aims to consolidate the Underwater Archeology Laboratory,
as a Community Cultural Infrastructure (CCI) with a vocation to the Maritime Cultural Heritage and
especially to the Underwater Cultural Heritage. It constitutes a proposal for the creation of a model of
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sustainability and viability of this heritage with a view to development, understanding that culture,
nowadays, more than a means, is an end of development.

2. CONSOLIDATION OF THE LABORATORY AS SUSTAINABLE COMMUNITY
CULTURAL INFRASTRUCTURE

Currently, we are working on a model for the sustainability and viability to medium and long term of
the Laboratory, by means of its consolidation as a Community Cultural Infrastructure, which is
thought of as the space from which the community and the groups of interest, besides taking
advantage of the services that this offer, they have the capacity of agency and the power of decision in
the constitutive aspects of it, means to open intelligent and positive spaces to build an integral change
that is adjusted from and for the needs of the community and therefore, allow the community meeting
for the creation, production, and promotion of artistic and cultural practices and manifestations, in this
case, focused on the promotion of the Maritime and Underwater Cultural Heritage of the place.

Following Alcaraz's (2014) proposals on infrastructures and cultural equipment, it's about how those
spaces can cause a strongest social impact, to the extent that it is the community itself that promotes a
critical dialogue scenarios and reflection on their sociocultural reality and therefore, the approach is
more profound and real. This leads to the infrastructure being dynamic, flexible and versatile against
the multiplicity of perceptions and social and cultural representations of the environment in which it is
immersed.

The importance of these cultural infrastructures lies in their appropriation by the community to obtain
sustainability: infrastructure — society. Segura (2010) considered that a community space:

- It must be inclusive and invite to the active participation of the community
- It must be constituted as a space of coexistence with the environment

- It must allow the sociability of the community

- It must be stable and it must allow projection of the time

- It must have an optimal dimension for meetings and representations

Therefore, the existence of spaces or infrastructures that allow the community meeting for the
creation, production, and promotion of artistic and cultural practices and manifestations are
fundamental. Therefore, based on the fact that Cultural Heritage is a catalyst for regeneration and
social change, community inclusion plays a fundamental role in the processes of patrimonial
valuation, since it can have repercussions on the quality of life of individuals belonging to vulnerable
populations, since communities, in addition to being recipients, are also generators of cultural
processes and dynamics (Cerdn, 2014). So, one of the keys to this community approach is the way in
which information flows between institutions and users, the public or the community, so the content
must be multidirectional and co-produced with the community.

In this sense, from the idea of the Infrastructure, cultural participation is key in the process of
laboratory management, since it allows to address the Cultural Heritage and its conservation processes
from the global needs of society, allowing a democratic participation on the decisions and actions that
are taken for their protection, conservation and management, which contributes to invigorate the
Cultural Heritage processes (Garcia Canclini, 2004).
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This proposal constitutes a cultural intervention from the heritage field through its dynamization with
the Laboratory as well as its commitment to Cultural Heritage. By having a vocation to link various
interest groups from a participatory approach, this proposal aims to contribute to strengthening the
social fabric and the transformation of the social reality of Bocachica from culture towards a path of
sustainable development.

In this regard, the sustainability and management of the laboratory and the Cultural Heritage of the site
must act in an inclusive manner with local groups and other stakeholders to ensure their active
participation in decision making and strategy development, because it is essential to consider the
environment in which the Laboratory is developed.

The involvement of interest groups from a participatory approach, was defined from the approach
taken by the International Center for the Study of the Preservation and Restoration of Cultural
Property - ICCROM (2015) on people-centered approaches to the conservation of Cultural Heritage,
where it is understood that heritage is not an isolated entity, since it plays an active role in
communities and brings benefits to people, demonstrating that it is significant for societies.

Therefore, working with specific groups supports the development of their capacities to contribute to
the sustainability of heritage, in this case working with the local community, academia and political
institutions.

3. LINKING INTEREST GROUPS IN THE WORK OF THE LABORATORY

The project of the Laboratory intends to consolidate it as a Community Cultural Infrastructure,
because from a participatory approach it seeks the constant linking of interest groups in the different
aspects of its development and implementation in the short and long term.

For this reason, the basis of the conservation of the inorganic material extracted from the excavation of
the sinking site located in front of the bay, three axes of execution of the Laboratory were proposed: as
a center of operations, as a training center and as a center for sociocultural interactions.

The laboratory, as a center of operations, has served as a basis for the development of the excavation
activities of the archaeological project of the shipwreck found in 2015. Additionally, the facilities have
provided preventive conservation aids to inorganic material excavated as ballast stones, ceramics and
metals and have been the place where activities of the different field seasons have been planned,
serving in turn as a space of formation, while: (1) in the framework of this archaeological project have
participated students who are being trained as professionals in Archaeology and Conservation and
Restoration of the Furniture Cultural Heritage; (2) the laboratory facilities, have been used for the
analysis and classification of archaeological material, excavated within the framework of various
projects carried out on the island of Tierrabomba; (3) and the Instituto Colombiano de Antropologia e
Historia (ICANH) in agreement with the Universidad Externado de Colombia and the Escuela Taller
de Cartagena de Indias, developed, through the laboratory, a theoretical — archaeology assistance and
preventive conservation workshop, in which a group of people between men and women of different
ages was trained, the local community, in the different processes of excavation and conservation of
archaeological material in terrestrial and underwater contexts, where special emphasis was placed on
the importance of in situ conservation, and the recovery of material evidence is only relevant when
carried out within the framework of scientific projects, that can ensure appropriate conservation
processes for the various types of excavated materials.
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At the end of the course, the participants have the capacity to act as assistants in various projects of
terrestrial and underwater archaeology and to give the first aids of preventive conservation to the
material remains extracted from the excavations and particularly of underwater contexts.
Additionally, the course was consolidated as a space of interaction around the reflection and the
evaluation of the material and immaterial cultural potentialities of the subdivisions, and has in turn
contributed to the dynamization of the fortification, while in the district of Bocachica, it is being
recognized as a space for formation.

Fig. 2: Briefing 4th Season Shipwreck excavation, March, 2019

Fig. 3: Assistance course in archaeology

Been developing, to link the interest groups in the processes of patrimonial activation, initiatives have
emerged such as the opening of an underwater museum in the bay of Cartagena, this project, has been
advanced with various entities of state order that are related to the management of the Underwater
Cultural Heritage, like the Universidad Externado de Colombia, the ICANH, the Direccion Genera
Maritima (DIMAR), etc and seeks to materialize in the remainder of 2019.

Also, within the framework of the specialization in Underwater Cultural Heritage, of the Universidad
Externado de Colombia, which seeks to contribute to national and regional professional capacities to
lead study activities, intervention, protection and management of the Underwater Cultural Heritage;
aims that the Laboratory, together with the shipwreck, will serve as a training space on a practical
level, where the knowledge acquired around the three emphasis of specialization is applied:
Underwater archeology, Assessment and Management of the Underwater Cultural Heritage and
Conservation and Restoration of the Underwater Cultural Heritage.
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4. CONSIDERATIONS

The use of heritage as an entry point for the opening of opportunities for sustainable development
allows the laboratory, through its consolidation as a Community Cultural Infrastructure, to aim to
protect and safeguard the Maritime Cultural Heritage and immersed by means of the implementation
of strategies that manage to link the interest groups, not only to contribute to the valuation and
appropriation of the same, but to generate opportunities of development that allow to improve the
quality of life of the Local community

Consequently, the preservation of the heritage and the existence of an infrastructure that supports it,
constitutes and provides tools that can generate impact on the capacities of interest groups, as it
enables the realization of ideas by helping to build knowledge and institutional support networks to
work for the promotion, conservation, safeguarding and management of the Maritime and Underwater
Cultural Heritage of Bocachica.

The today’s journey has shown that the laboratory is a driving project that has allowed the
development and design of new strategies such as the creation of the Underwater museum, and the
integration of various institutions committed to the management and safeguard of underwater Cultural
Heritage.

Clearly, it becomes a challenge, in as much as it has been shown that in the short term the laboratory
model has worked, it is important to work on its viability and sustainability in the medium and long
term, to allow the continuity of the processes that have been initiated through the linking of the
different interest groups, so, in this point, the management of the heritage and its involvement with the
sustainable development, are key to think about the institution and consolidate it in such a way that it
is maintained over time and allows the implementation of various strategies that ensure the protection,
safeguarding and management of the Maritime and Underwater Heritage of the place.
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The in situ preservation as a priority option. Experiments in the upper
Adriatic Sea
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Abstract: Underwater archaeological heritage is exposed not only to natural environmental
stresses, but is also threatened by human activity. As a matter of fact, both commercial fishing
and recreational diving have caused considerable damage to several major wrecks in the northern
Adriatic Sea. So a new project was started in order to develop that has as its primary objective the
protection of underwater sites by both surface and underwater video surveillance. It was also
decided to start an experimental trial on the shipwreck of Grado 2 (3rd century B.C.), where a
metal structure designed ad hoc for the protection of the wreck and enhancement of in situ
preservation was assembled. The construction is in fact composed of a system of load-bearing
squares with attached protection grids, which, through a system of “keys”, can be opened and
removed selectively as necessary to allow maintenance and future excavations. A second trial has
been carried out on the shipwreck of Caorle (2rd-1rd century B.C.), for which we have planned a
video-surveillance project.

Keywords: Adriatic, preservation, shipwreck, video-surveillance, enhancement

1. INTRODUCTION

If cultural heritage is a public asset and if submerged heritage "must" remain underwater (in
accordance with the UNESCO convention: article 2, paragraph 5), developing systems to ensure that it
is not reserved solely for professionals becomes a moral obligation that we cannot avoid.

Therefore, the project was born first from the need to protect, but also to promote, the use of
submerged archaeological sites by sport divers and also by those who cannot dive: all children, the
elderly, and the disabled.

With these goals, the University of Udine gave life to an interdisciplinary project that involves the
Department of Humanities and Cultural Heritage and the Polytechnic Department of Engineering and
Architecture, in collaboration with the Superintendences of the Friuli Venezia Giulia and Veneto
regions.

In accordance with these local offices of the Italian Ministry of Cultural Heritage, we have also
decided to start an experimental work in the upper Adriatic on two sites (Fig. 1) that represent
different conditions: the shipwreck of Grado 2 (3rd century B.C.) and the shipwreck of Caorle (2rd-1st
century B.C.).
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Fig.1: Experiments localization (created by Massimo Capulli; background Image © 2019 Google)
2. THE SHIPWRECK OF GRADO 2

The shipwreck was found in 1999, about 7 miles off the coast of Grado, not far from another
shipwreck, so-called lulia Felix that is Grado 1 (Capulli et al. 2016: 47-63). The underwater site of
Grado 2 lies at a depth of 19 meters, embedded a few centimeters in the flat sandy sea-bottom. In the
months immediately following the discovery, a team from the University of Catania verified the actual
consistency of the find (Tortorici 2000: 91-98). They constructed a grid with stakes and ropes, and
then, after an initial surface cleaning of the sandy sediments was carried out using a water-dredge, they
produced graphic and photogrammetric documentation. In order to study the type of cargo, some
fragments of amphorae not in situ were also recovered. The remarkable fragments visible and
recovered so far seem to belong to a type of transport container belonging to the so-called Greco-ltalic
group (Fig. 2), in particular to the type MGS VI of the Van Der Mersch classification. It is a type of
wine container whose production centers were located in Campania, Puglia, Calabria and eastern
Sicily and attested by multiple discoveries (including from submerged sites). Despite the presence of a
large number of findings, the entire production is not yet framed within a fully reliable type, especially
with regard to advanced and chronological aspects. But the more interesting fact is the chronology of
the cargo, as it has been advanced on the basis of archaeological data, because it defines the finding of
Grado as the oldest evidence of underwater archaeology of the historical period of the entire Northern
Adriatic. Of particular importance is the fact that the wreck was found well before the Roman
foundation of Aquileia (181 B.C.) on which the entire territory is based. The presence of a boat loaded
with Greco-Italic amphorae from the 3rd century B.C., probably of productive relevance to the
Adriatic area, also highlights the need to address on a new basis the problem of trade routes, ports and
landings of the Hellenistic period in this geographical area (Capulli, Tortorici 2018: 89-96).
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Fig.2: Amphorae Greco-Italic of Grado 2 shipwreck (Massimo Capulli)

The need to take action to protect the site emerged in particular following an inspection carried out in
2010, when a series of damages were recorded. In the period from 2012 to 2015, under the scientific
direction of Luigi Fozzati, the Superintendent for the Archaeological Heritage of Friuli Venezia
Giulia, we conducted two campaigns, aimed at the realization and then implementation of a metal
structure designed specifically for the protection and enhancement of the site.

2.1. A metal grid project to protecting and enhancing

The basic design idea was to create a modular load-bearing structure, such as to allow its extension in
every direction, on which to place removable grids, therefore different from those used in Croatia
(Jurisic 2006: 147-160). The system thus conceived allows each single square to be "opened and
closed" simply by selectively removing the protective grid according to present needs, such as, for
example, the maintenance/cleaning of the cargo on display or a deepening of the vertical
archaeological excavation, without, however, affecting its value as a protection or enhancement
garrison. The grids have in fact been designed to allow a not too oppressive view of the cargo while at
the same time preventing the removal of the amphorae.

In particular, the system is comprised of squares consisting of four horizontal tubular bars (square in
section, 50 mm sides and 4 mm thick), which are fitted with a bayonet coupling on special crosses,
orthogonally equipped with an adjustable foot to rest on the bottom.

Three protruding metal plates are also welded on the lower face of each tube, so that when the square
is assembled there are twelve points on which the protection grid can be placed internally. The grids
are instead made of a single block made up as follows: perimeter plate, 2 meters per side and 40x5 mm
thick, with an interior space divided in small squares of 20x20 cm.
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Thanks to the presence of a through hole, in correspondence with each of the support plates of the
bearing structure, it is possible to fix other metal plates on the upper faces of the tubes by means of
vertical screws. Since these are not welded, it is sufficient to loosen and tighten the fixing screw to
rotate them so that they are aligned with the tubes, thus allowing the movement of the grid, or so that
they are orthogonal to the tubes, to block each individual grid with twelve plates. It was decided not to
use common fixing screws, but to use prototypes that can only be unlocked with a dedicated Allen
key. In other words, this system acts as a sort of ad hoc lock.

The second campaign in 2015, in addition to providing for an extension of the exhibition area by
highlighting a new portion of the cargo, also saw the installation of a protective frame around the
structure (Fig. 3). Already during the first campaign in 2012, it was recognized that by digging
manually at the sides of the metal structure or by simply taking advantage of the natural collapse of the
walls of the archaeological excavation, it would perhaps be possible to access the cargo brought to
light. To avoid this possibility, a 50 cm wide metal frame was designed that surrounds the entire
structure and that, just like the latter, can be removed using the "keys" and expanded to follow any
future expansion.

Fig.3: Grado 2 shipwreck: excavation operations inside the metal structure (Massimo Capulli)

At the end of the opeartion, the wreck of Grado 2 was potentially usable for 32 square meters to
recreational divers through eight grids from which you can observe part of the cargo, accompanied by
two explanatory panels.

3. THE SHIPWRECK OF CAORLE 1

The second test was done on this site because it represents a limited case. Indeed all of our other
shipwrecks have easier conditions. It is located 12 nautical miles from Caorle, the harbor of the
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ancient lulia Concordia, at 28 m under sea level. The cargo is contained inside a very hard calcareous
concretion that is 23 m long, 7 m wide, and rises from the surrounding flat sea bottom to a height of 3
meters (Fig. 4), so it seems a kind of small hill in the Adriatic seabed (Capulli 2007: 124-131).

Fig.4: Caorle 1 shipwreck: amphorae inside the calcareous concretion (Massimo Capulli)

Despite no excavations being yet conducted, during our site inspections (more or less once per year),
there have been recuperated some amphorae that could be dated to the end of second century or
firstpart of first century BC. The type of these amphorae can be considered a transitional one, to
collocate between the standard Greco-Italic type and the Lamboglia 2 type. Specifically, the amphorae
recovered were located on the side of the wreck, the “hill”, while in the thick limestone shell you
could see evidence of lootingWe probably managed to save them before they were completely taken
away.

In this case, the particular nature and conditions of the site have suggested the use of a video-
surveillance project. This has meant the development of a feasibility study for the video recording,
both on the surfaceand underwater.

An interdisciplinary team from the University of Udine, including the Department of Humanities and
Cultural Heritage, the Department Polytechnic of Engineering, and the Department of Computer
Science and Mathematical and Physical Sciences (Capulli et al. 2013: 1239-1251), carried out the
research.

3.1. The video-surveillance project

The project involves the creation of a video surveillance system capable of continuously monitoring
both the body of water above a submerged site and the actual site. The system involves sending video
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streams, collected by underwater cameras installed at various points of the archaeological site, to a
management and sorting system located on a buoy, on which additional cameras are placed to also
record the surface, combined with motion sensors. The acquired images are also transmitted in real
time to a remote server and recorded.

An important role is entrusted to the software that must manage this flow of data. The real time stream
is for the public, while the police and Soprintendenza have control of the server with the data of the
last several days, where videos/pictures are stored, but for a limited period of time. As new data arrive,
the system deletes older data. Part of the technological challenge was also the study of energy supply
systems. Engineers decided on a mixed system with a natural energy and security battery as it did not
have any “holes”.

The aspect of protection remains in fact primary and thus, in addition to distribution for remote use on
the web or in a special virtual station in the museum, the system monitors all situations of underwater
intrusion or damage from professional fishing. The surface images are aimed solely at keeping the area
monitored, thus constituting the main element of deterrence for any malicious acts. It would be
possible to see in the records those responsible for the misdeed, including any intentional tampering
with the same buoy (Capulli et al. 2013: 1239-1251).

Fig.5: Test phase at sea with sending of real-time video to the University of Udine (Massimo
Capulli)

The study and development phase of the system was followed by a trial at sea. After an initial test with
antennas for the radio-transmission was unsuccessful, due to the earth's curvature and lack of buildings
high enough to always ensure transmission, we switched to a satellite system. Thanks to a
collaboration with Eutelsat S.A. and the technical intervention of Open Sky Srl (which has provided
the necessary satellite band for transmission) the test at sea was successfully concluded with the
sending of real-time video (Fig. 5) from the underwater site to the headquarters of the Scientific Pole
of the University of Udine (about 70 km).
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4. CONCLUSION

The sea has always been the unintentional guardian of many pages of human history. Over the last
seventy years, underwater archaeological research has brought some of these pages back to mind
through material evidence that is often found in many museums. Nevertheless it is not always possible
or correct to recover these remains of the past (Flatman 2009: 5-8). In situ conservation, in line with
UNESCO guidelines, seems to be preferable in many ways (Richards, McKinnon 2009). However, the
cultural heritage, although underwater, is a public good and is so in the broadest sense, given that at
sea there are wrecks of unknown origins and destinations.

Fig.6: Diving on the underwater museum of Grado 2 shipwreck (Massimo Capulli)

The project elaborated by the University of Udine aims to increase the number of the possible users of
UCH. On the one hand, the creation of an underwater display case for the shipwreck of Grado 2
illustrates the attempt to respond differently to the needs of protection, taking up the challenge of
possible underwater tourism (Fig. 6). On the other hand, the development of a remote video control
system, tested on the shipwreck of Caorle 1, contributes to a more effective protection action, giving at
the same time the possibility for all to observe live images of a submerged site, or better, of a
submerged archaeological landscape.

Of course it is possible to use the same system and with more ease on the Grado 2 site, which is not as
deep nor as far from the coast. This shipwreck should not constitute an entity detached from the sea
museum of Grado, if not from a physical point of view. Those who can dive will have the opportunity
to do it on the submerged site, while those who cannot (first of all children, the elderly, and the
disabled), could visit the Grado 2 room in the museum and there watch the site in real time by
monitor.

Maybe in the future a child, during their museum visit, will be able to see their father or mother while
they are diving, and the parents will be able to send them a greeting from the shipwreck.
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How the Greek pilot sites were selected and the creation of the Knowledge
Awarness Centers (KACSs) in Greece

Angeliki Simosi !

!Director of the Euphorate of Underwater Antiquites, Euphorate of Euboea

Since 2008 to 2018 as Director of the Ephorate of Underwater Antiquities, | set two targets — visions
for the display and promotion of this so important Service of the Hellenic Ministry of Culture. After
thirty five years of service at the Ephorate of Underwater Antiquities as a diving archaeologist with
postgraduate studies and PhD thesis in Underwater Archaeology, | have envisioned the foundation of a
Museum of Underwater Antiquities, as it is necessary for a naval country like Greece, with a maritime
history since 3000B.C. We have also made a lot of headway at a satisfactory level both for its
implementation and for the foundation and operation of visible Underwater Archaeological Sites (The
Underwater Museums) that is something similar to overland sites.

The project “Blue Med”, which would aim at the implementation of my second target, it really clicked
to my targeting at the right time (2016). Since then 2016-2017, it has been as good as it gets for the
dissemination of our country’s Underwater Cultural Heritage through the project “BlueMed” and
“visible Underwater Archaeological Sites” in Alonissos and Pagasitikos, and it would had also a
really positive result in the sector of tourism. In this framework, | made speeches in many places in
Greece and also abroad as far as the distant China, in excellent cooperation with the other partners of
the Mediterranean (Cyprus, Croatia, Italy, Spain and the other authorities of Greece). The Ephorate
under my direction and in cooperation with Dr Barbara Davidde of the Instituto Superiore per la
Conzervazione ed il Restauro, applied a pioneering method of conservation of the sunken roman villa
in Ancient Epidaurus.
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EGNAZIA: Enhancement and use of submerged Structures along the coast
guided diving and snorkeling tours
Gianpaolo Colucci !

LArchaeologist and underwater instructor, Superintendence of Archaeology, Fine Arts and Landscapes
for Puglia. MIBACT

Abstract: The archaeological site of Egnazia is located on Puglia’s Adriatic coast, in
the territory of Savelletri, a hamlet of the municipality of Fasano (Province of
Brindisi). Due to its geographical position, the presence of the harbour and the Via
Traiana, the place was of great importance and it played a prominent role in the
ancient world, especially in Roman times, being an active centre of trade and
communications. Since July 2016, guided diving tours have been offered in Egnazia,
near the port structures dating back to Roman times. A guided tour can be arranged
either by using the snorkel or by using the aqualung. The tour itinerary is divided
into two parts. The first one embraces a visit to the coast, including the remains of
the Messapian fortifications situated on the cliff edge where you can also see quarry
remnants and tombs. The second part represents an easily accessible underwater
itinerary 400 metres long, which starts from the coastline and reaches the submerged
Roman structures at a maximum depth of 6 metres.

Keywords: Tourism, Use, Guide, Diving, Itinerary, Museum, Enhancement

1. GUIDED DIVING AND SNORKELING TOURS

In Egnazia is present and available from July 2016 a guided tour underwater at the port facilities of
Roman times, wanted by the Museum of Puglia in collaboration with the Superintendence of
Archaeology, Fine Arts and Landscape of Brindisi, Lecce and Taranto. The underwater route
complements the offer of the National Museum and the Archaeological Park, unigue in Puglia.

Creating and making available underwater routes and museums at the bottom of the sea can be
considered a winning idea. More and more visitors are interested in learning about submerged sites
where you can see finds and archaeological evidence on site. Archaeological underwater tourism is a
constantly growing trend, underwater archaeological routes in Italy are increasingly in demand and the
presence in some sites such as Baia and Gaiola in the Phlegraean area, Pantelleria, Levanzo, Ustica in
Sicily, at the forefront for testing of innovative visiting technologies, are increasing sharply.

The sea is to be understood as a large museum where the testimonies of the past are read without
altering the original context of location. Where the conditions for a safe stay of the finds at the bottom
of the sea are created, they can be made available in a linear itinerary with guided routes through
individual finds, or in an area itinerary with finds collected in a limited area, or in real submerged
parks.

The enhancement and use of submerged archaeological assets, through an eco — sustainable discipline
such as diving, represents both and increase in the attractiveness of the Museum and an opportunity
for development of the economy of the territory. The visitor, accompanied in immersion by the
underwater archaeologist, observes reality through the mask exactly as a visitor would do with the
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visrtual display apparatus of the archaeological sites, but in this case his relationship with the
surrounding space and objects underwater is of a real type. While the traditional visitor gets used to
intertwining nature and culture, art and technique, physicality of archaeological objects and
abstractness of technical reworkings, archaeological emergencies and immaterial heritage, those who
visit an underwater site implement a naturalistic practice, a real “immersion in nature”; that implies a
total contact with the environment, but that requires a series of equipment and technical knowledge
and implies a relationship with the environment always mediated by the technique (Melotti 2007 : 51)
becoming a technophile practice. In short, it's a question of developing a relationship with nature that
is not only the traditional and static relationship of the viewer. The museum thus becomes a provider
of services for the varied range of visitors of all ages and educational backgrounds.

For the specific type of visitors, consisting of divers, who perform primarily a recreational dive, a
submerged archaeological path becomes a model of edutainment (Melotti 2008 : 25) and allows to
combine the educational function with entertainment.

Since 2018, the Egnazia site has been part of the MUSAS project, directed by the ISCR archaeologist
Barbara Davidde (also director of the Underwater Restoration project, which has enabled strategies,
models and best practices to be established for the safety and restoration of the underwater
archaeological heritage). The aim of the MUSAS project is to experiment on a supra-regional scale
with an integrated model for the monitoring and enhancement of submerged archaeological heritage,
in museum collections and in situ, in order to create methods that can also be applied to other sites.

2. THE ARCHEOLOGICAL SITE OF EGNAZIA

The archaeological site of Egnazia is located on the Apulian Adriatic coast in the territory of Savelletri
di Fasano (BR), in particularly favourable context from a naturalistic and environmental point of view.
The Archaeological Park and its Museum are part of an area of considerable landscape and
environmental value, characterized by beautiful examples of olive trees and a stretch of rocky
coastline, strongly marked by the presence of man (Fig.1); it contains evidence of the different phases
of life of this important center of the Apulian Adriatic coast, the ancient GNATHIA, mentioned by
authors such as Pliny, Strabo, Horace, which evolves and develops over a very long period of time,
from the XV century BC to the XIII century AD (Cassano and Mastrocinque 2016 : 33 — 129). For its
geographical position, the city had great importance and a prominent place in the ancient world
especially in Roman times, thanks to the presence of its port and the Via Traiana, becoming an active
center of trade and commerce (Mastrocinque 2016: 1 — 12).

Currently, the remains of the ancient city can be visited within an archaeological park equipped and
guarded. The tour starts from the Museum, where finds and images tell the story of the city and its
territory, with an exhibition that covers an area of about 1200 square meters, organized in 13 rooms.
The rich exhibition layout is designed for time and theme sections, from the Bronze Age village to the
Middle Ages, with illustrative and explanatory panels that describe the evolution of the settlement in
relation to the surrounding territory (Guide to the Museum 2015).
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Fig. 1 Egnazia port and coastline. Photos G. Colucci.

The visit then moves outside the Museum and continues in the Archaeological Park, among the
remains of the Messapian, Roman and late-antique settlement (the ancient defensive walls, the Via
Traiana, the public baths, the civil basilica, the area sacred to the Eastern deities, the large square-
market arcade, the ceramics district, the cryptoporticus, the early Christian churches). The tour also
includes the possibility of observing different areas of necropolis. Among these, the Messapian
necropolis, with the pit tombs, semi-chamber rombs and some monumental underground chamber
tombs from the Hellenistic period, frescoed and decorated.

The excavated and usable archaeological area covers an area of 12 hectares out of a total of about 40.
With the new guided immersion route it's also possible to anjoy the coastal strip and the water mirror
overlooking the ancient city, already subject to direct archaeological constraint, which until now
weren't included in the itineraries of visit.

The archaeological emergencies present near the sea are heterogeneous: the necropolis and the
Messapian walls, the extraction quarries, the road sections, the tanks, the cisterns and the other human
signs cut directly into the rocky bank (Fig.2); in the sea, the pilae in opus caementicium referable to
the piers of the Roman port (Colucci 2006-2007: 70).

Page 149



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Fig. 2 Visit and snorkeling along the coast. Photos G. Colucci.

Overall, the port basin is small in size, with an area of about 16.000 m2 and an opening to the east
about 40 m wide. Two mighty parallelepiped structures in opus caementicium lie just under 100 m
from the shore at the depth of -6 / 2 m. The dimensions, the shape and the technical characteristics lead
us to refer to these plinth elements: we can speak of a work with pylons obtained, at least in the case of
the outermost plinth, with the help of a “tinned”; formwork, considering the presence of a curtain in
the face. It could therefore have been the real foundations off the pier on which the docks and mooring
bollards had to rest. The two plinths are staggered with respect to an ideal path connecting them with
the probable ground connection, housed in a cut of the bottom and are spaced 3 m apart. The
outermost plinth has a negative traces of opus reticolatum and corner clamps in opus vittatum: both the
cubilia of the first and the blocks of the second have been stripped of their seats by wave motion, so
that only the voids of the modules of the remain Fig.3.

Fig. 3 Structures of the northern pier in a concrete structure covered with an onsite facing of which the trace
remains. Photos G. Colucci.

The work identified as a surviving portion of the southern pier is of considerable size. Made of
cement, with successive castings, it has a dense series of cracks. The southern pier is in fact located on
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the rocky bank at the edge of the submerged ridge that delimits the invaded port, and is divided into
three blocks of different sizes altogether 23 m long (Auriemma 2004: 44). The guided tour of the
submerged structures can be done by snorkeling or scuba diving (Fig.4-7).

Fig. 4 Underwater visits to the structures of the port. Photos G. Colucci.

T T

Fig. 5 Underwater visits to the structures of the port. Photos G. Colucci.

The route is divided into a route of visit on the coast, within the defensive system of the Messapian era
in the rocky bank of the cliff where there are quarry cuts and tombs, and an underwater path about 400
m long of easy access that, starting from the coastline reaches the submerged structures of Roman
times located at a maximum depth of 6 m (Colucci 2009-2010: 65).
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Throughout the dive, the visitor can appreciate the conspicuous presence of ceramic fragments of
various sizes, a recurring feature in ancient port areas, connected with the activity of loading and
unloading goods and the activity of throwing into the sea of amphorae broken during transport, the
amount of finds confirms the intense vitality of the port and the commercial dynamism in the entire
area.

Underwater archaeological routes, such as museum services, present the basic service and the
peripheral service. Specifically, for the underwater route of Egnatia, the basic service consists of the
Roman structures that lie on the seabed and, as for a museum, represent in their uniqueness the
permanent collection. There are many peripheral services that include strictly technical support
activities related to the use of equipment and means needed (diving service) and those aimed at
improving the use and meet specific needs of visitors such as guidance services, educational assistance
and refreshments.

Fig. 6 Underwater visits to the structures of the port. Photos G. Colucci.

Page 152



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Fig. 7 Underwater visits to the structures of the port. Photos G. Colucci.

The project for the enhancement and use of the submerged structures of Egnazia is in line with the
principles of the UNESCO Convention on the protection of the submerged cultural heritage. The
access to the public of the archaeological evidence on the bottom is promoted and favoured with a
guided itinerary that allows to see the objects in the original arrangement established by man. The
establishment of a marine protected area is a desirable in order to fuly guarantee the preservation of
the good.

The ancient city of Egnatia lived in close symbiosis with the sea, as now the entire territory of Egnatia
and Fasano. The beauty of the sea and the peculiarity of its coasts are responsible for the development
of tourist infrastructure and accommodation in the entire area. With the enhancement and use of the
submerged evidence we want to propose a “return to the sea”; and its great underwater heritage that
preserves. What still resists at the bottom of the sea can become an integral part of a vast and
articulated museum, which brings together natural, landscape, anthropological and historical-
archaeological values useful for understanding the history of the relationship between man and the sea,
for a healthier and more sustainable tourism and cultural development.
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Change behaviour and raise awareness about the Adriatic’s underwater
treasures as common goods: the UnderwaterMuse Project
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1 University of Salento
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8 Civic Museum of Kastela
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Abstract: The project aims at applying on sample areas (maritime landscapes of Torre Santa
Sabina, Grado, Resnik/Siculi, Caorle) a methodological and technological protocol based on
research/ knowledge and development/communication of underwater archeological sites that
are complex and multi-stratified, characterized by strong diversity. The project’s objective is
therefore to transform the site into an underwater archaeological park (or eco-museum)
through innovative and/or experimental methodologies and techniques in order to try to
reduce the loss of important cultural heritages as well as to guarantee an economic spin-off
deriving directly from the creation of a sector linked to the tourist-cultural promotion of the
context of reference.

UnderwaterMuse will target local communities as long-term keepers of vitality at tourist
destinations, promote co-creative partnerships among tourism and cultural actors, public
decision makers, creative companies, associations of citizens, facilitating exchange of
information. An immersive virtual reality (VR) approach renders underwater sites accessible
to a wider public, including people with different kinds of disabilities. Building capacity for
professionals already working in this field will help them adapt to a “museum for all”
concept, in spite of limited organizational or financial resources. Training diving guides will
improve the immersive experience of underwater sites. Regional action plans will enhance
environmental management and preservation of coastal areas harbouring those sites. Based
on the experience gained, an innovative promotional GIS tool, the ‘UnderwaterMuse MAP’
for promoting underwater sites with accessibility standards, will be developed. The
‘UnderwaterMuse MAP’ will be promoted at transnational, national and local level, in the
Adriatic and beyond, thus guaranteeing its sustainability and transferability during and after
its implementation.

The interdisciplinary partnership from 4 different regions will carry on pilot actions focusing
on transforming sites with a strong potential as experience-based tourist destinations testing
a sustainable tourist offering in areas less interested by major tourist flows.

Keywords: underwater cultural heritage, in situ protection and valorization, underwater
archaeological park, VR, GIS.

Through interpretation, understanding; through understanding, appreciation; through
appreciation, protection (Freeman Tilden, Interpreting our Heritage, 1977)
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1. APREMISE: WHY UNDERWATERMUSE NOW?

For the underwater archaeology, the “waterscapes archaeology”, the in situ preservation and
enhancement represents the first option. We can recall two key passages*®:

1. the Convention on the Protection of Underwater Cultural Heritage 2001;
2. the Faro Convention.

The key goals are clear:

1. building an archaeology community, building awareness;

2. cultural heritage as common good and economic resource;

3. archaeology for the territory, archeology for the environment;

4. research, conservation, protection, management and participation as parts of the same chain.

In the Unesco’s Convention on the Protection of the Underwater Cultural Heritage we have the best
and forward-looking premise. Actually, as we know, the Unesco’s Convention on the Protection of the
Underwater Cultural Heritage affirms, in rule 1, that in situ preservation is the first option because the
site of a historic event is authentic and the context defines significance.

Moreover, in rule 7, the Convention underlines that public access to in situ underwater cultural
heritage shall be promoted, except where such access is incompatible with protection and
management: heritage is protected for its public interest and its unique value for humanity; it should be
enjoyed by as many people as possible; access contributes to the appreciation and awareness, and to a
better understanding and knowledge and also to a better protection (Maarleveld et al. 2013).

It's true that heritage is finite but, once adequate measures for protection have been taken, there is no
further reason to restrict access permanently.

Experiencing the past under water is rapidly becoming an enormous asset in the leisure industry and
the experience tourism. This development has risks and opportunities for the underwater cultural
heritage, but providing diving operators with a measure of responsibility and custodianship is a good
solution for the need of supervision and control. As an alternative to the direct access, traditional
publications and media may be supplemented with more and more virtual techniques, simulating
experience or allowing for visualisation at a distance, through internet or other means.

To ensure a worldwide respect for submerged heritage by individual divers and to set a common
standard UNESCO has promoted a Code of Ethics for Diving on Submerged Archaeological Sites*.

1.1 The new stage that strengthens the process: the Faro Convention

After the Unesco’s Convention on the Protection of the Underwater Cultural Heritage the new stage of
the current process of reappropriation of the cultural heritage as common good, “popular” good, is
represented by the Faro Convention, “framework convention”, adopted by the Committee of Ministers
of the Council of Europe on 13 October 2005 and ratified by 17 member States. In Italy the
implementation process inside our legislative system has been interrupted by the change in
government and therefore we have only the draft bill.

46 For the previous conventions and laws related to submarine archaeological sites, a good synthesis is in Negri
2000 and Prott 2000.

4 UNESCO Code of Ethics for Diving on  Submerged  Archaeological Sites
http://www.unesco.org/new/en/culture/themes/underwater-cultural-heritage/divers/code-of-ethics/
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However, it emphasizes the important aspects of heritage as they relate to human rights and
democracy. As we know, it promotes a wider understanding of heritage and its relationship to
communities and society. The Convention encourages us to recognize that objects and places are not
important in themselves, but because of the meanings and uses that people attach to them and the
values they represent®.

In line with the Faro Convention, we must address our effort to the development of “models for
managing underwater cultural heritage in a way that brings benefits for the sustainable economic
development of regions”, in order to “increase the positive image of underwater archaeology and the
involvement of the public in the awareness, the protection and enjoyment of the underwater cultural
heritage” It is necessary to engage, not only from a research perspective, but also as an ethical
obligation to the local communities within the environments that archaeologists work. It is important
to recognize the different values attached to the project by ourselves as heritage professionals, and the
communities as «providersy of knowledge (Roberts, Benjamin, McCarthy 2016).

The Faro Convention stresses the continuous dissemination of activities and initiatives, in a living
dialogue with the communities and the individuals, to start participation processes and raise awareness
of ever widening groups.

It is necessary to communicate the entirety and the complexity, to properly use the technologies, to do good
storytelling and to stimulate the proactive participation (Volpe, De Felice 2014), in the framework of a
“community archaeology”.

The Scientific and Technical Advisory Body - STAB of the UNESCO Convention 2001, gathered in
its following 5™ session in Paris in June 2014, adopted the 3" Recommendation 3/STAB 5 in which
“recommends to consider as best practice all initiatives, taken in exemplary manner and in conformity
with the Convention, permitting the public at large access to knowledge about the underwater cultural
heritage, in particular: responsible non-intrusive access to observe or document in situ underwater
cultural heritage, such as provided through dive trails, submarine visits or glass bottom boat visits;
responsible public access on land, such as provided by museums, exhibitions and interpretative trails;
and access, such as provided by publications, virtual or digital applications, websites or other
means” (Rey da Silva 2016).

2. PUBLIC ACCESS CASE STUDIES

Some existing examples of responsible public access initiatives could possibly be counted in future
under best practices.Around the Mediterranean®® the best practices of caging experienced in Croatia
are well known: Za Planiku, Island Lastovo (1), Saplun, Island Lastovo (2), Bay Koromasna, Island
Zirje (3). Islet Supetar near Cavtat (4), Klagine, Island Mljet (5), Bay Vlaska Mala, Island Pag (6),

48 See in particular art. 10 — Cultural heritage and economic activity, Section 111 — Shared responsibility for
cultural heritage and public participation, 11 — The organisation of public responsibilities for cultural heritage, 12
— Access to cultural heritage and democratic participation, 13 — Cultural heritage and knowledge, 14 — Cultural
heritage and the information society. See also Faro Action Plan Handbook.

% We can’t quote all the exemples outside the Mediterranen, but we remember that currently the largest
underwater museum in situ is the Baiheliang Museum in China, where some of the oldest hydrological
inscriptions, recording 1 200 years of changes in the water level of the Yangtze River have been seen
submerged after the construction of the Three Gorges Dam and now lye at a depth of 43 metres (Ge Xiurun,
2011).
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Cape Sorinj, Island Rab (7), Shallows Buje near Umag (8) (Zmai¢ 2009; Pesi¢ 2011; Mesi¢ 2008,
2014).

We can point out the important experience in Greece: the cases of Methoni Bay — Sapienza Island and
the National Marine Park of Alonnissos and Northern Sporades, with the submerged Neolithic site of
Aghios Petros, the biggest shipwreck of the
classical age, ‘Peristera’ wreck, and many
other well preserved classical, Roman and
Byzantine cargos  (Georgopoulos,
Fragkopoulou 2013, with references);
surely another impressive cases are the
Sebastos of Caesarea Maritima (Raban,
Holum 1996, Raban et al. 2009; Hohlfelder
et al. 2007, 2014; Brandon at al. 2014) and
Alexandria, Egypt: the latter, aiming at
presenting submerged Egyptian culture,
- including small finds and features, the
Fig. 1. Caging best experiences in Croatia (Exploring rémains of the Alexandrian harbour and
Underwater Heritage in Croatia 2009). the famed Iighthouse on Pharos, is still

under study and highly recommended by
the personnel of Department of Underwater Antiquities (Morcos 2000; Hafiz 2011; Frigerio 2013; El-
Kady 2017).

Moreover, a few open underwater archaeological excavations can be recalled: the Roman shipwrecks
of Bou Ferrer (Juan Fuertes, Cibecchini, Miralles, 2013) or Cap del Vol, where engagement with
diving clubs and federations show success (Aguilar 2013).

As far as the Italian experiences are concerned, some marine parks and underwater trails, such the
positive experiences of Baia and the Sicilian trails, contrast with the tens of coastal and submerged
sites literally abandoned, encircled by abusive urban speculations and wild moorings, whose access is
totally uncontrolled with all the risks and possible damage that this situation brings with it (Stefanile,
2012; Stefanile 2016 with references; Secci, Stefanile 2016).

In Pozzuoli and Baiae, in the Gulf of Naples, villas, mosaics, baths, streets, houses and harbour
structures of the Roman period were submerged by the sea, as a result of the volcanism. This unique
environment, severely looted over the years, has been included in a Marine Protected Area since 2001.
Since then, the Archaeological Superintendence has carried on some research and documentation
works, while the Conservation and Restoration Central Institute — ISCR has experimented with new
techniques for the conservation of the underwater structures. The public access has been made possible
with the opening of underwater archaeological trails, and through the involvement of the diving
instructors active in the area, appropriately trained.

The benefits in terms of local development were foreseen already in the Interminsterial Decree
304/2002 for the Institution of the Underwater Park. The finalities (article 3) include also the
promotion of a socio-economical development compatible with the historical and landscape evidences
of the area, also sustaining existing local traditional activities; (in this framework) the regulation of the
activities related to the management of the touristic flows, guided visits and public transports would
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foresee that the above mentioned activities are delivered primarily by the local citizens and
businesses.

Currently, five sites/trails are predisposed for diving (and others probably will be open) equipped with
guidance ropes and didactic PVC panels, accompanied by official diving guides, trained thanks to
professional courses held by the Superintendence. Due to the shallow depth, four of these spots are
accessible by snorkeling or on glass bottom boats, suitable also for primary school groups. The area
lends itself to underwater archaeology training courses and field schools as well as environmentalist
interventions and it is also object of real archaeological research.

The diving centres, made responsible and aware, pay a fee for each diver, and at the same time take a
proactive role in UCH protection: sending away the pleasure boaters and intruders, reporting to the
Superintendence damages or problems, and even checking divers for eventual artefacts souveniring.

The involvement of diving centers by the Superintendence has been a good choice: the site is
undoubtedly more protected and exploited than in the past, and the visits, both of foreigners and
locals, are increasing. On the other side, also the diving centers benefit from this activity, increasing
their revenues, creating job opportunities (also for archaeologists!), deseasonalising and expanding
touristic flows, receiving recognition for the significant results (Stefanile 2016).

Fig. 2. The underwater archaeological Park and MPA of Baia and Gaiola (Naples).

Other case-studies can be the Protected Marine Areas of Gaiola, S. Maria di Castellabate - Punta Licosa
(Stefanile, Agizza 2012), Ischia —Aenaria Regno di Nettuno

The Region of Sicily has devoted particular attention to this phenomenon, due to the fact that it is
currently the only region that has a Superintendence of the Sea. This has fostered the creation of
numerous archaeological trails and the publication of scientific and informative material, related to the
underwater tourism (Melotti 2007,
www.regione.sicilia.it/beniculturali/archeologiasottomarina/itinerari.)

Where the diving is difficult or there are risks for the UCH, monitoring and broadcasting systems have
been employed, through the use of underwater telecameras.
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3. THE UNDERWATER TOURISM

The underwater tourism combines in a single activity leisure, sport, culture and ecology, it is very
profitable and highly sustainable, low or zero environmental impact, it is a “programmed alternative
tourism”, at high regulation and low intensity of flows but needs a local touristic system integrated,
effective, diversified, as well as areas provided of a status of juridic protection of environmental type
(MPA) and/or archaeological type (Parks), in according with a “culture of the territory”, investment in
protection policies and in making the territory more attractive with specific environmental brands
(MPA). On the other side, the underwater archaeological tourism implies elevated costs for the users,
limits the fruition and can generate a form of “gentrification”. The question is: is it really a tourism for
all?

In the UK a study into the economic impact of the historical wrecks diver trails was carried out to
determine the number of visitors to the site, and how much each visitor had spent in the surrounding
areas. The study aimed to understand the value of the protected wrecks in terms of the economy of the
country and the well-being of the people, that is to say the principles of Faro Convention. In the period
2008-2012, considering 3 different sites, there was an increase up to 341%. In the case of Coronation
Wreck Project, the study found that in 2012 alone over 700 visits were made to the wreck, generating
£42000 worth of benefits to Plymouth: over £60 per visitor to the city. The study demonstrates that
underwater historic wrecks can actually be a great benefit to local economies.

The success of any designated wreck diver trail can only be evaluated in the long term. Visiting,
seeing and touching a real archaeological monument like a wreck site is without doubt a positive
experience that can change people’s perception of the UCH value. Public access must remain a
cornerstone of any underwater cultural heritage management strategy, a strategy that must receive
long-term commitment from both the trail organizers and the heritage agencyes (Beattie-Edwards
2016).

4. THE PROJECT UNDERWATERMUSE: THE CHALLENGES

Returning now to the initial question (why UnderwaterMuse now?), the project UnderwaterMuse
could be, such as the Bluemed project and others, one of the responses, based on the principles of the
Convention on the Protection of Underwater Cultural Heritage 2001 and the Faro Convention 2005.
Furthermore, as far as the international cooperation is concerned, rule 8 of the Unesco Convention
2001 affirms that International cooperation in the conduct of activities directed at underwater cultural
heritage shall be encouraged in order to further the effective exchange or use of archaeologists and
other relevant professionals

The project UnderwaterMuse aims at applying on sample areas (maritime landscapes of Torre Santa
Sabina, Grado, Resnik/Siculi, Caorle) a methodological and technological protocol based on research/
knowledge and development/communication of underwater archeological sites that are complex and
multi-stratified, characterized by strong diversity. The project’s objective is therefore to transform the
site into an underwater archaeological park (or eco-museum) through innovative and/or experimental
methodologies and techniques in order to try to reduce the loss of important cultural heritages as well
as to guarantee an economic spin-off deriving directly from the creation of a sector linked to the
tourist-cultural promotion of the context of reference.
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UnderwaterMuse will target local communities as long-term keepers of vitality at tourist destinations,
promote co-creative partnerships among tourism and cultural actors, public decision makers, creative
companies, associations of citizens, facilitating exchange of information. An immersive Virtual
Reality approach renders underwater sites accessible to a wider public, including people with different
kinds of disabilities. Building capacity for professionals already working in this field will help them
adapt to a “museum for all” concept, in spite of limited organizational or financial resources.

Two work packages particularly concern field activities.

The WP 3 foresees a recognition and analysis of the current state of underwater cultural heritage
knowledge and valorization, and a subsequent summary comparative study (1 for each region).
Furthermore, the WP 3 includes the involvement of local actors: diving guides, aspiring diving guides,
tourist associations, museum curators, beach establishments owners, sailing clubs, local government
representatives, MPA or CPA representatives, i.e. all the possible stakeholders.

It aims at adaping underwater cultural heritage tools for the whole partnership and stakeholders: first
of all, are foreseen training activities on the use of Augmented Reality tools to recreate the experience
of visiting underwater archaeological sites for people who are unable to access the site on their own
(children, people with physical disabilities or those who cannot afford diving equipment/tours).

Secondarily, training on action planning and joint WEB GIS development will be delivered to the
entire partnership and stakeholders

The process implies a primary selection of sites identified by partners jointly with their Regional
Stakeholders Groups) based on joint methodology to be further developed on trans-national level to
respond to regional gaps, followed by a study of interoperability with SIRPAC FVG and SIRPAC
PUGLIA regional WebGIS. SIRPAC Puglia is the Geographic Information System of the Cultural
Heritage of Apulia (Carta dei Beni Culturali — CBC), an instrument of the Regional Landscape
Planning (PPTR); it has evolved since 2007 until now, reaching the third final phase.

It is an integrated information System that aims at representing and re-tracing through an interpretative
attempt based on scientific data, the complexity and historical depth of the Apulian landscapes.

Fig. 3. Southern Puglia underwater archaeological map, integrated in SIRPAC Puglia.

Coherent with the spirit of the Regional Landscape Plan (Piano Paesaggistico Territoriale Regionale,
since its inception the Map has been characterized by a holistic, stratigraphic and contextual approach
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to the cultural heritage, surpassing the traditional cataloguing models based on fragmentary and
sectorial concepts.

SiRPaC FVG is the Geographic Information System of the Cultural Heritage of Friuli Venezia Giulia,
constituted by a database of over 320.000 records and related webGIS, implemented in collaboration
with Universities, Superintendence public and private institutions (www.ipac.regione.fvg.it/).

It is an instrument for sharing knowledge, of documentation for research and dissemination purposes,
but also of efficient territorial governance, protection and proactive valorization policies.

The Informative system is a guarantee for the protection that must pass from defensive and proprietary
to proactive and communitary, «from economically residual and supported to industrially affordable”
(Montella 2009).

The WP 4 includes the preparation and implementation of two types of pilot actions:

¢ in the field of capacity building

Capacity building on AR-focused training material developed for museum experts to be held in Venice
and Split; VR workstation will be realized in Grado, Caorle, Kastela, Brindisi Museums.

EJ} alamy stdck photo

Fig. 4. Project UnderwaterMuse museums: Kastela, Grado, Brindisi, Carovigno Caorle.

The technology is presented to museum experts at events, in Grado, Caorle, Kastela and Bari.
Stakeholders participate in the decisions regarding the organisation and location of the workstations in
the museums where VR becomes available, bearing in mind their accessibility to tourists.

This peculiar pilot action will enjoy the benefits deriving from the established experience and
competence in this field of Ca’ Foscari University. Beltrame’s staff at Universita Ca’ Foscari has
recently produced a virtual dive on the shipwreck of the brig Mercurio (1812) from legacy data (Secci
et alii, 2019) which has become a digital workstation in the virtual tour at the exhibition on the
Mercurio excavation in the Museo Nazionale di Archeologia del Mare of Caorle, and has also
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produced various VR dives from 3D photogrammetrical models made on the cargos of marble of
Roman age from Sicily (Balletti et alii, 2016) and Sardinia.

¢ inthe field of underwater cultural heritage valorization

The project foresees diverse modalities of enhancement for the diversified cases/sites:

o the shipwreck Grado 2 (or another similar site, if the former is unavailable due to decisions of
the new Superintendence): underwater steel cages for its exploration by divers and glass-
bottomed vessels.

e the site of Torre Santa Sabina: “blue trails” that encompasses the landing site and exposed
portions of shipwrecks, in agreement with Superintendence
the site of Resnik/Siculi: photographed and mapped in 3D

Exhibition and educational activity programme will be developed for an interactive underwater
museum. It is foreseen the dissemination and the collaboration with the schools, considering that
children/teens require a different approach to Underwater Cultural Heritage from the rest of the public,
but the needs vary considerably depending on age.(Claudino 2016).

Torre S. Sabina, 25 km to the north of Brindisi, is a real challenge for this project, because it’s a
pluristratified site, with very different evidences, some of them really fragile and vulnerable; first,
some wooden remains of various shipwrecks, above all TSS 1 wreck, dated back to the late Imperial
age (around 300 BC), that seems to be the most preserved hull of that period in the Mediterranean,
with surviving stanchions, beams and significant remains of the deck; these wooden remains obviously
can’t be left without protection, exposed to the elements. Secondarily, the stratigraphical sequence,
constituted by the overlapping of various cargos of the ships crushed against the reef and sank; these
cargos were scattered at the foot of the reef, forming layers alternating with the natural sediments and
with the materials dumped as part of the normal everyday activity of the landing place.

We can recognize 2 or 3 distinct sinking episodes, represented by the layers, from the deepest to the
most superficial: 1. an archaic wreck, with Aegean amphoras and pottery, coming from Greece; 2. a
Late Republican cargo, with local production (in particular oil and wine amphoras of Salento origin)
and fine ware of eastern provenance, such as the batch of Megarian bowls. The identification of the
deposit with the remains of a cargo is supported by three elements: 1) the position of the pottery finds,
often upside down; 2) the high concentration of non-local pebbles in the upper layer ; and 3) the
discovery of burnt wooden remains between the pebbles. 3. Finally, in some points, we have scant
traces of a third cargo pertaining to the Late Antiquity (Auriemma 2014, Auriemma 2015, Bandiera et
al. 2015, Antonazzo, Auriemma 2018).

Also Resnik/Siculi is a pluri-stratified and complex site that presents many affinities with Torre S.
Sabina but it shows also an underwater structure of a stone jetty/pier presumably of the Hellenistic age
(Babin 2011; Kamenjarin 2016).
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Fig. 5. Torre S. Sabina. The underwater stratigraphy

4.1. The UnderwaterMuse pluri-stratified sites: which solutions?

How best to allow the visibility and fruition of such fragile, nebulous and difficult to read underwater
evidences? How best to narrate the historical continuum and the waterscape evolution represented by
those tenuous remains?

First of all, prior to carrying out the in situ protection practice, we should acquire a good knowledge of
the different degradation processes and the environmental conditions. It is well known that stability,
degradation and corrosion rates of the different materials depend on environmental marine conditions.
Thus, shipwreck site formation and degradation are influenced by geomorphologic changes (shoreline
erosion, regression, advancement, etc.), physical phenomena (currents, waves, etc.), chemical
conditions (in water and sediment) and biological factors (see for example the project
ARQUEOMONITOR: Izquierdo et al. 2016 with references).

The concept of managed visitor access via an underwater trail is not a recent acquisition. In the UK
since the late 1990’s, the trails have been experimented on various wrecks (the Needles protected
wreck, HMS Colossus, in the Scilly Isles, Cornwall, the Norman’s Bay Wreck, The HMS m/Al
Submarine), with simple/plain but efficient means: an underwater information booklet guides divers
around the site and some diver stations were established around the wreck to aid diver navigation
(Beattie-Edwards 2016).

Also in Sicily a didactic booklet describing in detail all the underwater itineraries delivered by the
Soprintendenza del mare (Sea Superintendence), with maps and sheets of the various sites, can be
taken under water by the divers. The POIN Project Underwater cultural trails of the Sea
Superintendence uses also more innovative tools, such as the UCH Fruition Interactive System
(UG3K): the divers find, close to the evidences, a small buoy with an identification tag containing a
chip; thanks to an underwater viewer with antenna, they can read a sheet with information and image
(choosing the language, italian or english), like on a normal tablet. The viewers will be given free to
the diving centers that will request them, by specific agreements with Port Authorities and MPAs. The
project has also foreseen a web portal including all the itineraries, with sheets, video and news, as well
as an app for smartphone and tablet.
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An hypothesis for the pluri-stratified sites could be the replica of a schematic stratigraphic sequence in
the museums of the partnership (Grado, Caorle, Kastela, Brindisi Museums) and others, related to the
same UCH (Carovigno Castle Museum)®, but also under water, on the sea-bottom at the foot of the
reef, with specific materials .

For the well-preserved Torre S. Sabina 1 wreck and the other wooden remains in the bay, that cannot
be left exposed or uncovered, the best solution after the setting up of a passive protection system
(barrows or strongboxes®; Negueruela 2000; Koncani Uhag et al. 2017), could be 3D models to enjoy
with underwater viewers when the divers are on the site. In parallel, with other funds and institutional
agreements, also the recovery and the restoration of the ship could be studied and planned, as well as
the ship’s physical replica construction.

The solutions are diverse and they can be tested on the diverse evidences: stratigraphy and
archaeological materials in situ reproductions; signals, labels, tags and QR codes; 3D Viewers and
tablets; ships replicas, etc.

We have to answer all these questions, but especially we have to think of the valorization of our UCH
in a logic of economic, environmental and social sustainability.

4.2. At the end....

Joint methodologies and tools developed in WP3 are applied to the problems identified in WP3 and
tested in the context of specific pilot examples in WP4. The information that derives from this process
is elaborated in WP5 to generate draft action plans and a ToolKit to be used in future studies or
projects of underwater cultural heritage valorization and improved accessibility. The transnational
ToolKit synthesizes good practices on efficient underwater cultural heritage valorization and increased
accessibility, responding to gaps revealed in the analysis phase, gained from the pilots and from other
relevant experiences of partners and RSGs .

In other words, we would like to implement a replicable model of site management plan or programme
capable to guarantee the sustainable use of the site and a vision for the future that implies the
economic balancing of costs and benefits for society. This model should aim at promoting access and
research, public education, efficient and continuous dissemination and experiential tourism. Moreover,
it should identify risks for the site stability and conservation, proposing a policy framework of
adequate measures.

An authentic site is a joy forever, as a monument for those associating themselves with its history, or its
environment, as well as for the local economics of recreational and touristic visits.
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MUSAS: an innovative project for the enhancement of the Underwater
Cultural Heritage
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Abstract: Substantial effort is required to effectively monitor Italy's underwater
archaeological heritage, in order to protect and conserve submerged sites, and to enhance
their importance and value. ISCR is therefore driving an innovative underwater heritage
project. The MUSAS project started in 2017. Its aim is to develop an integrated
supraregional model to monitor and enhance underwater archaeological heritage, in
museums as well as in situ, in order to develop best practices that can be extended and
deployed at other sites. It has three specific objectives:

1) The creation of a web-portal for the Museo Virtuale dell’Archeologia Subacquea Where
annotated images and 3D models will illustrate artefacts recovered from submerged sites and
now housed in museums, and the underwater sites that are the focus of the project.

2) The implementation of an advanced exploration system at the submerged archaeological
sites of Baia and Egnazia.

3) The development of a network of innovative sensors that can be deployed flexibly to
monitor the environment, the condition of submerged sites and the location of divers.

A number of archaeologically significant locations in Southern Italy have been selected as
test sites, in Campania, Puglia (Apulia) and Calabria. In this presentation we will give an
update about the activities carried on in Egnazia (Puglia), Kaulonia (Calabria) and in the
underwater park of Baiae, in the Gulf of Naples

Keywords: Underwater Cultural Heritage, Baiae, submerged sites, 3D reconstruction,

virtual museum.

1. THE MUSAS PROJECT

The UNESCO 2001 Convention on the protection of the Underwater Cultural Heritage set new
priorities in maritime archaeology, strongly emphasizing the importance of the in situ heritage
protection and the need for new strategies for its enhancement; innovative projects are nowadays
trying to develop shared guidelines and best practices to make easier and safer the enjoyment of
cultural heritage in underwater environments, enlarging the public access and including, when it’s
possible, also people who cannot practice scuba-diving: a vast segment of public, hitherto excluded
from the enjoyment of underwater heritage, or limited to a visit to the few dedicated museums or to
the still very rare itineraries in coastal sites with transparent bottom boats.

The MUSAS Project (MUsei di Archeologia Subacquea. Tutela, valorizzazione e messa in rete del
Patrimonio Archeologico Subacqueo [Campania, Calabria, Puglia]), with a funding of 3,250,000 euros
within the PON "Culture and Development" programme, intends to promote the knowledge of the rich
underwater archaeological heritage of Southern Italy through new technologies, favouring the fruition
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of underwater sites and finds, even remotely and in a virtual way, guaranteeing at the same time a
constant monitoring.

For the ISCR — the Italian Institute for Conservation and Restoration, it is a new challenge in the field
of marine archaeology, after the long experience of the NIAS, the Nucleus for Interventions in
Underwater Archaeology established in Rome in 1997 and long directed by R. Petriaggi, that headed
an exciting season of works on submerged sites, in Italy and, abroad, in Yemen, Oman, and Libya.

The MUSAS team, led by the current NIAS director, B. Davidde, creator of the project, has been
carrying out since 2017 several underwater campaigns, in addition to the implementation of a big web
portal (Www.progettomusas.eu) and to the execution of a large 3D acquisition campaign, both in the
selected sites and in the museums. One of the key-points of MUSAS, actually, is the creation of a
Virtual Museum for the Underwater Archaeology, easily accessible by PC and mobile devices, in
which the huge amount of data and images acquired in field missions will be shared; the users will be
able, using their personal devices, or the totems installed in the Museums, to virtually dive in the sites,
exploring the submerged ruins of Baiae, the port of Egnatia, the architectural remains on the seabed of
Kaulonia; they will have access to accurate 3D models, but also to the reconstructions of spaces and
environments in their original aspects; moreover, they will be able to explore a virtual gallery in which
they will find the 3D models of a rich selection of underwater findings from the partner Museums:
statues and altars, amphorae and anchors, freely scalable and rotatable in order to facilitate their
analysis. The archaeologists will enrich the user experience, with detailed charts and explanations of
the sites and artefacts, as well as with rich archives of materials for the needs of scholars and
researchers. The biologists, on the other hand, will have the task of examining the colonization of
ancient structures by marine organisms, in order to provide the tools for an updated assessment of the
degradation and for a planning of conservation interventions. Lastly, the aspect of environmental
monitoring will be considered with the deployment in the selected sites of a network of submarine
sensors, functional to the verification of different parameters, but also to the location of divers: an
innovative system that will make possible diving tours with the use of tablets perfectly operating and
communicating, online, even underwater.

2. THE SELECTED SITES
2.1. Baiae

Baiae, the luxury thermal Roman resort condemned to submersion by the Phlegraean bradyseism, is a
very evocative place for the Italian underwater archaeology: it was the theatre of the first underwater
explorations in a submerged structure by N. Lamboglia, just after the pioneering campaigns of
Albenga, and quickly became a site of excellence for the experimentation of new excavation
strategies, documentation, protection and enhancement of the underwater cultural heritage.

The MUSAS project is operating in two different sites within the complex of the ancient Baiae. The first
one is the magnificent nymphaeum/triclinium decorated with sculptures that was part of the palace of the
Emperor Claudius (ZEVI 1983), and which today lies underwater not far from the tufaceous promontory
of Punta dell'Epitaffio (fig. 1). The archaeologists are at work to document and register the state of
conservation of the walls and of the sumptuous coverings, but also to better understand the architectural
characteristics of the monument, that was repeatedly subject to works and rearrangements during its
long history before the submersion; the detailed 3D survey of the entire site has already been completed
during the first season of the project, and will soon be available on the dedicated portal together with the
3D interpretative reconstruction of its features at the time of Claudius.
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Fig. 1: The Nymphaeum at Punta dell’Epitaffio, in Baiae

The second site in Baiae selected for the MUSAS Project is the gigantic Villa dei Pisoni (fig. 2) (DI
FRAIA, LOMBARDO, SCOGNAMIGLIO 1988, DI FRAIA 1993, LOMBARDO 1993,
SCOGNAMIGLIO 1997) and 2002, whose viridarium surrounded by a portico marked by niches and
half-columns is today one of the favourite destinations for a large number of divers. The villa, which takes
its name from the Calpurnii Pisones, who were responsible of a conspiracy against Nero and related to the
owners of the magnificent Villa dei Papiri in Herculaneum, extends over a large area close to the lacus
Baianus, the ancient port basin today entirely submerged but once surrounded by piers and arches, villae
maritimae and palaces. In this case too, the archaeological study and the realization of 3D reliefs will
allow to offer to the public the use of a complex and stratified site, and to the archaeologists the tools for a
new understanding of the articulation of the villa and of its various construction phases.

During the underwater researches, the work of 3D acquisition of a rich selection of artefacts from the
Archaeological Museum of the Phlegraean Fields has already been completed: over sixty models,
mostly sculptures, discovered in the Gulf of Pozzuoli and rich of stories and connections with the
intense life that was led in amoenis Baiis, between the villas of the most important figures of
republican Rome and the sumptuous palaces of the emperors, from the Julio-Claudian dynasty
onwards.

Fig. 2: MBES of the Villa dei Pisoni, in Baiae

2.2. Egnatia

Before the acropolis of Egnatia, towards the sea, there are important evidence, including rectangular
carvings into the rock attributable to burials and underwater remains interpretable as a roman harbor.
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The first scientific investigation of the Roman port, especially with aerial photos and echosounder, are
due to S. Diceglie (1972, 1981, pl. 11, 2002). An analysis is also present in Vlora (1975, pp. 56-61,
figs. 35-39). Diving and surveys were carried out in 1979 and 1994 by A. Freschi, (FRESCHI,
ALLOA 1979-80, pp. 60-65 and p. 134; FRESCHI 1980, pp. 450-455, and 1995, pp. 141-143). A
picture of what it was known in the early 1980s is due to Andreassi, Sciarra-Bardaro (1982, pp. 107-
118). More recently R. Auriemma (2003, pp. 77-97 and 2004, pp. 15-16) has definitively established
the type and the construction techniques.

The northern part of the port has preserved optimally two huge pilae (a type of structure that was
widespread in the Phlegraean area: GIANFROTTA 1996, p. 71) distant three meters from each other.
This work in concrete piers, thrown into water within watertight formwork according to the Vitruvian
canonical directions, possessed originally a wall facing in opus reticulatum and corners in opus
vittatum, visible today in the exposed part only in negative.

Along the ideal line of this north side there are also some elements of collapsed pilae, always
constructed in opus caementicium with traces of cubilia on the cement mortar.

Compared to these remains, the southern part, probably a pier, is more recognizable. It is a
construction made of opus caementicium with several superimposed levels, the base of which rests
directly on the rock (Auriemma 2003, pp. 81-85).

A series of comparisons suggests a building date for these structures between the end of the
Republican and beginning of the Imperial ages. Some experts do not rule out that the construction of
the port of Egnazia should be attributed to M. Agrippa, patronus of the municipium, as attested by an
inscription, now lost, whose terminus ante quem is 38 BC (CIL 1X, 262 = EDR026582). All this is
framed, in fact, with the strategic position of Salento coast as part of the war between Octavianus and
Antonius and the role of Agrippa, commander of Octavian's fleet.

Thanks to the MUSAS project a series of discussions could be carried on the Roman port, both at the
level of archaeological and historical research. Firstly, following an analysis of the submerged
structures with specific SAMAS card (analytical record card for submerged archaeological artifacts,
see Petriaggi, Davidde 2005), has been chosen one of the northern side pilae to be able to carry out an
investigation of the foundation which has allowed to reveal, concealed from the sand, a few rows of
opus reticulatum perfectly preserved. The excavation yielded ceramic fragments relevant to types and
different chronologies, documenting the intense life of the harbor (fig. 3).

Fig. 3: The underwater cleaning of a pila in Egnatia
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Historical research on the port is also directed to the post-classical sources, often bearers of
fundamental information. An examination of medieval nautical maps revealed that Egnazia, cited as
Annaso, Anazzo or Adanazzo, often appears near Brindisi as a minor port place since at least the
fourteenth century. In fact, in the middle age the ancient city was not completely abandoned: in the
acropolis it was built a Byzantine fortress and, later, a fortified town with a tower (CAMPESE,
CAGGESE, CUCCOVILLO 2012; CASSANO, CAMPESE, CUCCOVILLO 2015) and it’s possible
that the old port retained, in some circumstances, a certain functionality.

The archaeological activity was not, of course, just diving. The MUSAS project includes scientific
cataloging of finds from the sea of the affected areas. They have been so identified, at the National
Archaeological Museum of Egnazia, a number of objects, some of which are of the greatest interest,
which have been subjected to 3D relief for exposure within the Virtual Museum.

2.3. Kaulonia

The ancient Achaean colony of Kaulonia (Kaulon) was partly identified with modern town of
Monasterace, on the Calabrian lonian coast between the provinces of Reggio and Catanzaro (Orsi
1891 and 1916). The whole stretch of coast in front of it, from a geomorphological point of view, is
changing a lot, due to heavy subsidence and eustatic phenomena that generate an unstable tectonic
(GUERRICCHIO 1987, pp. 44-47; D'ARRIGO 1959, p. 60). These have led, over the centuries, to the
disappearance of important underwater archaeological evidences related to the Greek colony,
identified thanks to thirty years of underwater surveys by the team of Kodros, coordinated by S.
Mariottini. Among the Doric temple and the Assi river were found more than 200 stone construction
elements with various functions, some of which are clearly not finished (fig. 4). The discovery in the
area of two limestone mooring bollards has permitted to hypothesize the presence of a workshop
specialized in the processing of building material, presumably located near of a port channel now
disappeared (IANNELLI et al. 1993?% IANNELLI 1993".). According to ancient sources in this area
was located the famous Cocinto promontory, which Plinius the Elder defines as very pronounced (N.
h. 1, 95): «Cocynthum, quod esse longissimum Italiae promunturium aliqui existimanty. This
evidence is now less noticeable precisely because of geological phenomena above described.

Fig. 4: Underwater architectural remains in Kaulonia
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Underwater it was also found important evidence of more recent times, such as four cast iron cannons
dating from the seventeenth century. They may be related to the important phenomenon of
Barbaresque ships privateering or to productions of the nearby Stilo furnaces.

The MUSAS project, in addition to detect in three dimensions the underwater artifacts, is handling the
cataloging and 3D modeling of many objects recovered from the sea in front of the Greek city and
now preserved in the nearby Archaeological Museum of Ancient Kaulon. Among them, many relevant
elements of nautical archeology, as anchors of various ages and components of board equipment.

2.4. Kroton

The jagged coastline of Crotone is historically favorable to navigation. Especially Capo Colonna, the
old Lacinium promunturium (Strabo, VI, 1:11), had a considerable importance for the ancient sailors
and is quoted by different sources, especially for the presence of the sanctuary dedicated to Hera
Lacinia (Plut. Pomp., XXIV, 6, describing it as one of the asyla of universal fame; Liv. XXIV, 3. 3:
sanctum omnibus circa populis).

The city of Crotone, an Achaean foundation, was a busy port at different times (Severino, 1988).

Despite its fame as fundamental points for sailors, however, the sea in this area is not easy navigable:
the coast is characterized by the widespread presence of rocky outcrops, which often have returned
evidence of shipwrecks of different times, with a concentration hard to find in other traits of Italian sea
(Medaglia 2008, 2010).

Because of these features, the MUSAS project focused primarily on the cataloging and on the 3D
survey of the underwater archaeological finds preserved at the National Archaeological Museum of
Crotone and those presented in the National Archaeological Museum of Capo Colonna. It was also
decided to document, on a preliminary basis, a little-known wreck identified in 2007 in Capo Bianco
and characterized by the presence of cast iron cannons (fig. 5).

Fig. 5: Underwater documentation of a cannon in Capo Bianco

3. THE TECHNOLOGIES
The activities of the MUSAS project provide advanced operations for documentation and exploitation

of submerged archaeological sites and will remain stored up in the various participating museums,
with 3D underwater reliefs usable with VR visors and 3D digitization of artefacts. The ISCR has
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selected the company 3D Research srl, a spin-off of the Department of Engineering Mechanics,
Energy and Management (DIMEG) of the University of Calabria, specialized in this type of activities.
The 3D surveys use high-resolution data obtained from photogrammetric techniques and the latest
acoustic technologies for generating micro-batimetric maps, in order to obtain a three-dimensional
representation of the underwater scene that combines the resolution of the optical sensors with the
accuracy of the acoustic type techniques for bathymetric surveys. The methodology allows to have a
complete representation of the submerged archaeological site where the artifacts and structures of
archaeological interest are accurately georeferenced (BRUNO et al. 2016% BRUNO et al. 2016
LAGUDI, BIANCO, MUZZUPAPPA, BRUNO 2016).

The Sonar Multibeam (MBES), usually used for the generation of bathymetric maps in archaeological
contexts, allow to scan large amounts of data over long distances and with low visibility too, but the
results are influenced by a low resolution and lack of color information. The optical systems, in
contrast, are more suitable for short-range acquisitions and allow to obtain high-resolution 3D data,
accurate and textured, but the final product is affected by the underwater visibility. Therefore, the
integration of 3D data acquired from these two types of systems turns out to be an excellent technique
in underwater applications, since it allows to reconstruct extended and complex scenes in a relatively
short time. One of the techniques used for georeferencing provides the positioning, inside the
archaeological site, of special optical-acoustic markers, specially made, through which it is possible to
unambiguously assign precise spatial coordinates to certain points of interest (position of objects,
perimeter of the archaeological site, etc.) according to a local or global reference system.

Downstream of the acquisition process, the optical-acoustic dataset is processed using the most
modern techniques, both photogrammetric that computer vision, in order to generate the optical-
acoustic georeferenced 3D model of the investigated archaeological site. Independently from the
particular technical and technological solution adopted in each stage of the process described, the idea
at the basis of the methodology developed for the generation of 3D models of multi-resolution
underwater archaeological sites, consists in obtaining a low-resolution polygonal mesh (in the order of
tens of centimeters) from the general acoustic bathymetry of the underwater site and surrounding
areas, which will be superimposed HD models (at sub-centimeter resolution) of the areas of greatest
interest of the underwater site, through a merger that makes imperceptible to user the junction between
the two models. The generated 3D model will be finally texturized through HD textures obtained by
processing images acquired during the optical survey and appropriately mapped on the model itself

(fig. 6).

Fig. 6: 3D model, texturized, of a part of Villa dei Pisoni in Baiae
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The 3D digitization of archaeological sites takes place through three-dimensional photogrammetry and
laser scanner. The reconstruction method involves two basic steps: the optical acquisition, performed
by photography, and the real reconstruction, realized through various software as Agisoft PhotoScan
and Blender (Gallo, Muzzupappa, Bruno, 2014, pp. 173-182).

As part of the MUSAS project the enjoyment of these data can take place in two main ways:

- at involved museums, through the use of VR visors and PC. In this case the level of quality of the 3D
rendering may be benefited at the top, allowing almost realistic visual experience.

- Remotely, via the website www.progettomusas.eu, to consider the MUSAS project portal a real
Virtual Underwater Archeology Museum.

For its implementation it was first launched a worldwide cataloging of all websites developed by
various underwater or nautical archeology museums, to understand how new technologies are
implemented in this specific field (it was used the DB Symphytum, freeware and open source
software, written in C ++ and Qt, for Windows, Linux and MacOS
(https://github.com/giowck/symphytum#symphytum). At the same time we have set up a graphics project
that could offer to end user a proposal integrated communication at all levels (fonts, logos, project
colors, panels, etc.). The MUSAS website uses a CMS (Content Management System) very popular as
WordPress, which make WebGL extensive use, a native web technology that doesn’t require plugins,
completely open source. WebGL takes advantage from graphics chip devices and therefore can offer
scalable performance on various hardware typologies, from smartphones to better performing PC. It
also allows high performance VR visors to offer virtual augmented reality experience without
applications download.

In this mode it will be realized an interactive multimedia exhibition process, able to best describe
cultural submerged heritage through surfing the immersive virtual reality sites and through
stereoscopic viewing of individual artifacts captured and contextualized, where possible, in the site of
origin.

But it will be possible also to enjoy a range of information directly immersed in three archaeological
sites involved in the project. This will be through the implementation of an increased exploration
system based on the use of special underwater tablets, integrated with inertial navigation systems and
acoustic localization. These devices will provide information to enhance the visitor experience. The
divers will know, in fact, its position within the site, will receive information about points of interest,
depth and dive time. The underwater positioning system, which compensates the absence of the GPS
signal underwater, integrates an acoustic communication system based on the installation of four
beacons, an inertial platform, a magnetometer and a depth gauge. This is a completely innovative
solution and opens up the use of these systems also to non-professional divers.

4. THE BIODETERIORATION OF UNDERWATER ARCHAEOLOGICAL
ARTEFACTS

The fulfillment of the Virtual Museum of the Underwater Archeology allows the knowledge of the
Underwater Cultural Heritage of the Southern Italy and includes a virtual tour of the marine sites in
which the selected remains still lie to explore the underwater archaeological artefacts and to know the
biological aspects involving the ancient materials during their underwater life.
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The submerged structures can be a growth substrate for countless living forms from the first moment
of their permanence on the sea bottom. The marine microorganisms and organisms interact with them
temporarily or permanently and establish different relationships connected with their specific
ecological needs. The epilithics — that grow on the surface - and the endolithics - are able to produce
cavities and tunnels inside the substrata, both microflora and animals, settle on artefacts causing
degradation processes, generally defined bioerosion.

The substrates with carbonate composition, often used for the construction of ancient statues, mosaic
floors, columns and architectural structures, represent the stones most subjected to bioerosion
processes in relation to the ability of the biodeteriogens to solubilize calcium carbonate by acidic
metabolites produced by themselves (Riccl et al., 2013; 2015; 2016a; 2016b; SACCO PERASSO et al,
2015). This deterioration may occur with different levels of dangerousness depending on the
degradative capacity of the biodeteriogen, the lithotype, the depth, the microenvironmental features of
the site and above all the exposure time. The biological colonization is very heterogeneous, including
striking forms that cannot be necessarily harmful for the artworks, and microscopical forms able to
exert a considerable damage. The purpose of this biological study is to present to the big public the
complexity of the ecosystem artefact/environment and to highlight the biological damage. The Virtual
Museum shows the three underwater sites, Baiae, Kaulonia and Egnatia, offering an articulate and
exhaustive view of the biological problems linked to the variety of substrates and artefacts and the
different laying conditions.

Baiae, with mosaic floors and walls still in place (Figs. 7A-B), preserves a peculiar floristic and
faunistic richness. The mosaics, mainly made of calcareous tesserae, sometimes polychrome, are a
good example of the high damaging role played by endolithic micro and macroorganisms, such as
sponges and bivalves (Fig. 7C).

Kaulonia is a site characterized by alternating phases of coverup and uncovering of the submerged
column drums and the semi-finished blocks made of calcarenite (Fig. 7D). This environmental
condition represents a limiting factor for the development of majority of biodeteriogens selecting only
the organisms able to survive. The artefacts are therefore involved in the degradation processes,
mostly due to the bioerosive action of endolithic bivalve molluscs.

Egnatia preserves two long and imposing cement-based piers (Fig. 7E) showing a dense biological
colonization with epilithic algal felts and coloured encrustations, not particularly harmful for
colonized substrates.

Species descriptions, their ecology and role in degradation processes will be reported in dedicated
sections of the web site, guiding the visitor to the discovery of this "invisible™ submerged world.
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Fig. 7: Biodeterioration in the MUSAS sites
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Abstract: Of the millions of historic wrecks that scatter the ocean’s floors across the world,
those from the 20" century form a valuable part of our shared Cultural Heritage (CH). The
Underwater Cultural Heritage (UCH) of WW | and 1l represents the dramatic events marking
the history of the past century. The lessons learned from them are significant to our
European identity, and its principles of peace, safety and freedom. Preserving and promoting
these principles involves linking the UCH with their associated memories, both of which are
threatened to loss.

Preservation of European WW | and Il UCH has many diversified challenges in different
coastal & maritime regions. The Mediterranean region, as a hot spot with respect to climate
change, urbanization, pollution and tourism, creates specific challenges and threats to these
types of UCH. Today WW | and 1l UCH in the Mediterranean area is: endangered and not
well explored, researched and protected; fragmentarily exploited largely ignoring social,
ethical, historical, cultural and environmental CH values of the respective regional settings;
lacking an integrated management of tangible and intangible, land and maritime, CH to
understand their full narrative; challenged by a lack of participatory governance, engaging a
range of decision-making bodies and stakeholders for its preservation and sustainable
management. Motivated by a WW Il UCH case study in Greece (Leros island), the paper
addresses these challenges and threats and the necessity these to be overcome in order to link
this UCH to sustainable developmental future pathways that ensure its preservation.

Keywords: Underwater Cultural Heritage Preservation, Mediterranean Region, WW!I and I,
Scenario Planning, Strategic Planning, MSP, ICZM, Cultural Tourism

1. INTRODUCTION

Globally, there is a large number of World Heritage sites located in terrestrial and coastal areas, with
established sustainable management plans that integrate concerns of both Sustainable Development
and Climate Change into their approach so as to preserve and enhance these sites (UNESCO-WHC
2006)(UNESCO 2015). Most of these sites serve as major tourist attractions and, given their status,
there has been extensive research with regards to their protection/preservation along with local
development planning for their exploitation (Makuvaza 2018). Surprisingly, there are no Underwater
Cultural Heritage (UCH) sites with this label in the Mediterranean region, despite the wealth of
commercial and cultural interactions through its sea-roads, which go back at least 5,000 years and are
witnessed by some of the most world famous ancient and modern-day wrecks (eg., for Greece:
Antikythera and HMHS Britannic). Tangible wrecks and submerged artifacts/structures from
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inhabitations or use of Mediterranean coasts are strongly linked to both past or modern-day intangible
maritime and island traditions (UNESCO 2001).

During the 20th century, the Mediterranean region played a major role in WW | and Il as a scene of
many war operations due to its strategic geographical position, economic importance and role in
protecting national borders and sovereignty. As a result, thousands of wrecks related to this era are
scattered along the Mediterranean sea crossroad of three continents (Europe, Africa, and Asia), and
most of this UCH, along with their related stories, is largely unknown to the general public
(Argyropoulos and Stratigea 2019). These wrecks have the potential to serve as an Open Museum of
European identity and history, since their narrative marks all nations’ struggles as well as a
commemoration of the events leading up to the founding of its Union (Timmermans, Guerin, and
Arturo Rey da Silva 2015).

The UCH in the Mediterranean has to deal with problems and risks emerging from the marine
environment of this landlocked sea that act in unison over time. Additionally, Mediterranean WW |
and Il UCH are confronted with unique challenges as opposed to other types of UCH, so as to address
its protection/preservation needs. The paper describes the complex issues specific to this type of UCH
in terms of its protection/preservation, including exploitation under the current national, European, and
international legal and policy frameworks. Furthermore, an interesting WW Il UCH case study area in
Leros, Greece, is highlighted, which could serve as a potential diver accessible underwater museum or
marine park as an initiative for implementing the EU Blue Growth strategy.

2. WW | AND Il UCH IN THE MEDITERRANEAN - PROTECTION,
PRESERVATION, AND RELATED POLICY CONTEXTS

2.1. The Mediterranean Context

Along its coast, the Mediterranean region is marked by numerous environmental ‘hot spot’ areas due
to major impacts of intense global challenges, such as Climate Change (CC), demersal fishing, ship
traffic to name a few (Giannakopoulos et al. 2009)(Stratigea, Leka, and Nicolaides 2017). At the same
time, it has some of the oldest underwater living organisms, the P. oceanica, which is the most
widespread sea grass meadow in the Mediterranean and is considered protected natural heritage in
most countries (Fourqurean et al. 2012). This natural heritage acts as a carbon sink, reducing
greenhouse gases and carbon dioxide emissions from the atmosphere, but also helps to preserve
submerged archaeological and historical remains (Krause-Jensen et al. 2019).

Within this setting, there are thousands of wrecks from the events surrounding WW | and Il. During
WW 1, the famous naval battlefields, the Battles of Gallipoli and Otranto Barrage, are evidenced by its
associated marine sites in Turkey and Croatia respectively, incorporating hundreds of wrecks related
to this period, many of which are diver accessible (Timmermans, Guerin, and Arturo Rey da Silva
2015). There are also famous shipwrecks related to naval tragedies of this period in Greece, such as
the HMHS Britannic and the SS Burdigala in the deep waters off the coast of Kea island (Thoctarides
and Bilalis 2015).

In contrast to WWI, the WW 1l period (1939-1945) was marked by extensive naval warfare and
military operations that took place in both the Pacific and Mediterranean Theaters, and thousands of
war vessels of different flag nations can be found at the sea bottom, such as ships, aircraft, submarines,
U-boats, as well as other war-related remains (Veronico 2015). The Mediterranean UCH of this period
can be found in marine sites all over near the shores in Croatia, southern France, Greece, Italy, and
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Malta, including North Africa, which are remnants of famous battle scenes, and memorials or graves
commemorating maritime disasters. The narratives of many of these Mediterranean battlefields are
unknown today, even though military historians have argued that the Mediterranean Theater of WW I
played a significant role in the Allied victory in Europe (Porch 2004). These WW Il marine sites are
linked to famous battle scenes, such as ‘Operation Dragoon’(Zaloga 2009) on the southern beaches of
the French Riviera (August 1944), ‘The Battle of Leros’ (November 1943) (Mentogiannes 2004) on
Leros island in Greece; and are serving as memorial or graves, commemorating huge casualties of
prisoners during the war, e.g. SS Oria, and/or holding iconic status for a nation, e.g. RHNS Vasilissa
Olga for Greece (Thoctarides and Bilalis 2015).

Today, many WW | and Il locations in the Mediterranean are popular diving destinations due to the
warm and clear waters, and often underwater WW | and Il wrecks are visited, such as legendary WW
I1 wrecks along the Corsican shores (“11 of the Best Wreck dives” n.d.), and the many diving sites in
Greece (see Figure 1), but often the story behind the wrecks are unknown. Also, diving visits are
rarely organized with guidance by national/local authorities — so that divers” access of such sites is at
their own risk and/or may ignore obtaining the necessary permits to visit such sites.

Figure 6: German WW Il "Arado 196" crashed on September 17, 1943, location Iraklia island, Greece at 11 min
depth (photo credit: P. Nikolaidis).

2.2. Protection Framework

Very few countries have national laws protecting WW | and Il UCH. The US and other maritime
powers, such as Japan, Netherlands as well as others have made formal statements upholding the
notion of sovereign immunity of their sunken warships, regardless of which maritime zone they are
located in (Browne 2018). The 2001 UNESCO Convention on the Protection of UCH (UNESCO
2001) is an international framework instrumental in providing a definition for UCH and for linking
such heritage to international laws related to the sea, such as the United Nations Convention on the
Law of the Sea (UNCLOS) (United Nations Treaty Series 1982). More specifically, it outlines the
cultural importance of ‘State vessels’ defined as warships, aircraft and other non-commercial vessels
used by a state at war time. Furthermore, it goes beyond UNCLOS to set out the rights and duties of
the coastal state and/or flag nation for the UCH according to their location, as defined by its maritime
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zone. Also, the Convention uses the rules of Charter on the Protection and Management of UCH
(ICOMOS 1996) on the in-situ handling and management of UCH.

Still, there are some limits with the 2001 UNESCO Convention in that it only protects UCH older than
100 years old, which excludes WW 1l UCH. Furthermore, the issue of UCH ownership remains
unclear in the Convention, since it was considered too complex from a technical and legal point of
view to determine when a military vessel has abandoned its rights due to its sinking outside its waters
(Strati 2006)(Browne 2018). Finally, issues on how to manage UCH that involve hazards from
polluting or dangerous materials, which may be associated to these types of wrecks, are not detailed in
UNESCO’s provisions (Forrest 2012)(Browne 2018).

2.3. Preservation and Risk Assessment Issues

Apart from the issue of ownership/protection, preservation issues for WW I and 1l UCH are multi-
dimensional and go beyond simply documenting the condition, site formation, and associated risks
related to the wreck. Their marine surrounding environment is full of challenges for all types of UCH,
with a range of both natural and anthropogenic risks, such as Climate Change impacts, storms,
salvaging for metal and looting, demersal fishing, to name a few (Perez-Alvaro 2019).

WW | and Il UCH are mostly made from either low-carbon steel (ships) or aluminum alloys (aircraft),
which corrodes rapidly in saline water depending on the burial environment (Argyropoulos,
Giannoulaki, and Charalambous 2015)(MacLeod 2019). The corrosion of metal wrecks from this era
can, depending on their construction materials and containments, act as either a cause for marine
pollution, i.e., a threat to the environment due to their containment of fuel (Russell and Murphy 2003);
or as a beneficial factor, facilitating the formation of artificial reefs that colonize marine organisms
and sea-life. In the US, researchers are using the WW Il wrecks to examine how the marine
communities change as ocean temperatures rise as a result of CC (“WWII Shipwrecks Swimming in
Marine Life” 2011).

There are additional unique preservation issues for this type of UCH. First, they have varying
interests/values associated to them including their remains, eg., for locals, coastal state, and/or flag
nation, and as such can be regarded as ‘dissonant heritage’ (Kisi¢ 2013). Second, this type of UCH is
also associated with multi-source historical documentation, with narratives concerning its construction
(design details), career (operational history), and sinking/crash. Thus, the varying values and
narratives for this type of heritage is often associated with ‘fragmented group histories’, related to
local, national, and even international groups (Papuccular 2015). The UCH and its remains can
represent different stories for different groups, for nations about a victory or defeat, for ethnic
minorities about deportation or execution, and for soldiers about escape, surrender or death. Third,
there are often ethical issues concerning the access to or even handling of UCH with human remains.
Finally, another unique challenge related to this type of UCH preservation is safety with regards to
munitions and unexploded ordnance and their risks to diver safety (Delgado and Varmer
2015)(Browne 2018).

Thus, preservation plans for this type of UCH must be set up using a value- and risk-based
prioritization framework, which considers a range of specific and unique assessment criteria, such as
exposure to risks/vulnerability, environmental including CC impacts, values attached, ethical
concerns, spatial attributes, just to name a few. It must use tools and technologies to support and
promote the UCH preservation, such as mapping, documenting condition, monitoring changes,
visualization, presentation etc. in a challenging environment — the marine one. Finally, it must also
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consider related policy contexts for marine/coastal activities that will also impact its sustainable
management.

2.4. Other Policy Contexts and Related Issues for Sustainable Management of WW |
and 11 UCH

Preservation plans for WW | and 1l UCH need to be in alignment with a variety of terrestrial and
marine legal frameworks and related policies, since coastal land developments and/or sea use will
impact them. Thus, policy making for UCH in a marine environment is more complicated than the one
of Cultural Heritage sites in terrestrial areas. Specifically in Europe, spatial planning in the marine
environment is outlined by the Blue Growth Strategy (European Commission 2012), along with
relevant planning tools, i.e. Marine Spatial Planning (MSP) and Integrated Coastal Zone Management
(ICZM) (Ehler and Douvere 2009). This has resulted in new perspectives for the sustainable
exploitation of marine resources, which are capable of tackling developmental perspectives and related
environmental impacts in oceans and seas. They can also prepare the ground for dealing with
emerging conflicts or threats (e.g., fishing) and promoting synergies’ creation among various stakes in
the marine environment; while setting up an effective spatial delineation of maritime uses to the
benefit of UCH protection.

Any sustainable management planning for WW | and 1l UCH will need to cope with threats and
opportunities in this newly evolving marine environment, resulting in additional challenges. It is
expected in the future that under the blue growth strategy, coastal and maritime tourism activities will
become more intense with the use of the sea and coast for various recreational purposes. Here WW |
and II UCH could serve such sustainable exploitation fulfilling ‘glocal’ (global and local)
developmental objectives. Thus, a more integrated UCH management approach is required for
conceiving UCH as a pillar for reaping economic and societal benefits.

To fulfill these local sustainable development objectives, UCH protection/preservation will have to
move away from the ‘silo’ approach in the handling of such assets, traditionally represented by
archaeological/historical and conservation norms to a more multi- and interdisciplinary cooperation in
the UCH management field, involving experts, such as spatial planners, marine scientists, economists
and other related professions (Nutley 2007)(Firth 2013). This multi- and inter-disciplinary research
field also attracts the interest of a variety of stakeholders e.g., institutions, administrative entities,
societal and user groups, bringing additional layers of complexity in management of this UCH. UCH
governance implies horizontal but also vertical interactions among those involved in decision-making
processes (Argyropoulos and Stratigea 2019). Horizontal interactions address linkages of UCH
exploitation to coastal and land developments. Vertical interactions reflect the necessity for
coordination among UCH policies articulated at different spatial decision-making levels (national,
European, global). Design and enforcement of UCH preservation decisions is actually dispersed to a
range of jurisdictions, with different and sometimes conflicting interests and perspectives; and at a
variety of spatial scales, from local to global. This, coupled with the recently evolving paradigm
towards an enhanced collaboration between public authorities as well as private actors and the civil
society, renders UCH management a principally “cultural governance” topic.

3. INTEGRATED SUSTAINABLE MANAGEMENT APPROACH FOR WW | AND
I UCH IN THE MEDITERRANEAN

Cultural governance is key for integrating the preservation of underwater historic environment to the
pillars of (local) sustainable development for its management. Today, there is a heightened recognition
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of the importance of WW I and 1l UCH at various spatial scales (UNESCO, flag nations and coastal
states, Europe) along with varying viewpoints (political, social, economic, cultural, environmental,
technical and technological). This relates to the value attached to this heritage and the high risk of its
loss, if preservation is not undertaken soon. This risk is due to its construction materials and the high
salinity of the Mediterranean Sea. Protection, preservation, and sustainable management of UCH in
the Mediterranean calls for addressing some critical issues, such as:

- The comprehensive registration and risk assessment of UCH for the specific conditions of the
Mediterranean environment, taking into account CC impacts and incorporating them into UCH
preservation plans for serving long-term historical memory and identity transmission.

- The development of a value/significance typology in support of policy making with respect to UCH
protection/preservation in alignment with rational use of resources in this debt-ridden region.

- The integration of WW | and Il UCH into coastal cultural settings as part of the Blue Growth
Strategy, since they constitute remarkable cultural assets of local and EU/global importance and can
add value to economic growth and social cohesion of such regions.

- The exploitation of UCH in alignment with the current trends and related policies in promoting the
culture—tourism complex (e.g., Regional Innovation Strategy for Smart Specialization — RIS3), in
order for sustainable pathways through experience-based and of low ecological footprint tourism
products to be established, while supporting the exchange of new, meaningful and authentic tourism
experiences.

- The current developments in the legislative context, which relate to the management of marine space
that are in progress in the Mediterranean countries, coupled with relevant planning tools (Marine
Spatial Planning — MSP and Integrated Coastal Zone Management — ICZM). These prepare the ground
for dealing with emerging conflicts and promoting synergies’ creation among various stakes in the
marine environment; while setting up an effective spatial delineation of maritime uses to the benefit of
UCH protection.

- The participatory governance towards UCH preservation and sustainable management, with a
multiplicity of policy and decision-making bodies in charge in a variety of spatial scales.

There are examples of such Good Practice Guidance and sustainable management plans for WW |1
UCH in the Pacific theater (Van Tilberg 2017)(Jeffery 2017)(Viduka 2017). This region and its islands
had the largest actions of naval warfare in WW Il, impacting the indigenous populations. Based on
these plans, this region is today one of the most popular tourist destinations for diving on the hundreds
of WW Il wrecks (“World’s Best Wreck Dives: The Top 10” 2019). In 2010, the Bikini Atoll in the
Marshall Islands was placed on the UNESCO World Heritage list, with its own sustainable
management plan (UNESCO-WHC 2010). This site is a Pacific archipelago, where nuclear testing
took place directly after WW 11, resulting in many sunken wrecks as well as displacing its inhabitants
in exile due to resulting radiation levels. Today, it is a popular tourist destination, but threatened by
dramatic sea level rises from the impacts of CC. There are also efforts to nominate other WW I
related sites and their UCH in the Pacific, e.g. Truk Lagoon, for the World Heritage label (Jeffery
2004).
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Figure 7: Scientific examination by lan MacLeod and team on the WW 11 US military aircraft ‘the Emily" in the
Pacific (photo credit: B. Jeffery, Earthwatch).

Despite the work in the Pacific including its UNESCO World Heritage site, there is still a lack of a
commonly accepted and applied legislative framework, governing decisions as to UCH preservation
and sustainable exploitation at the global or the EU/national level. Finally, policy making as to UCH
preservation and sustainable exploitation lacks a coherent, value and risk-based preservation
framework for setting priorities and effectively accommodating UCH preservation resources.
Preservation and sustainable exploitation of this type of UCH has to cope with challenges that cut
across a variety of spatial scales as well as diverse actors / stakes and power of these actors to
influence the UCH status at various policy making levels (local, national, EU/global). Challenges at
each specific level have as follows:

- Local level: communities are not engaged in understanding / valuing UCH, resulting in their damage
from manmade actions (e.g. looting, salvaging for scrap metal and fishing trawlers); along with further
challenges emerging from e.g. CC impacts on the marine environment.

- National level: there is a lack of a common and integrated policy framework incorporating all
dimensions of UCH. Efforts up to now are usually fragmentary, dispersed to a number of formal
policy making bodies, confined to legislative actions, mostly ineffectively implemented, and not fully
integrating the MSP and ICZM dimension.

- EU level: there is lack of a common ground for coastal states on the protection and recognition of
WW | and Il UCH.

- Global level: WW I, as opposed to WW | UCH, is not covered under the UNESCO 2001
Convention.
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However, there are international and some flag nation laws that protect the military sunken vessels and
their remains, but many times there is no consistent practice in determining when a nation has
abandoned a vessel, while the governing international laws can be problematic in their interpretation.

Thus, the sustainable management approach for this type of UCH needs to be driven by regional
development and strategic planning structured by setting at its core a spatially defined, community-
driven, value/people-centered, culture-based and locally adjusted management approach of WW I and
Il maritime (and land if relevant) CH (Koutsi and Stratigea 2019). Such plans must integrate in a
sustainable way, tangible and intangible aspects of maritime and land WW 1 and Il (U)CH into each
cultural, social, economic, environmental, value dimensions.

4. CASE STUDY AREA IN GREECE: THE WAY FORWARD

There are thousands of WW I and Il wrecks in the Greek seas, the majority of which carried a Greek
flag, but they are also represented by other nations during the wars, such as Germany, Italy, and Great
Britain to name a few (Dounis 2000)(“WWII Shipwrecks in the Greek Seas” 2019). For these wrecks,
there are databases of information with regards to the type of vessel, capacity, type of fuel engine,
cause and year of wreckage, but only some have been located and mapped in the Greek seas (“WWII
Shipwrecks in the Greek Seas” 2019). Unfortunately, immediately after WW Il many of these vessels
were sold and salvaged for scrap metal (Thoctarides and Bilalis 2015), such as the famous S/S Oria,
which sunk off the island of Patroklos near Attica Region. There is even a case, where the WW |
wreck HMHS Britannic was sold to a private owner in 1996 for 15.000 sterling pounds (loannidis
2016). Those that usually remain untouched till today are sunken vessels in deep waters (not reachable
after the War) or submerged aircraft. Fortunately, since 2002 WW Il UCH or UCH less than 50 years
old are legally protected in Greece (Law 3028/2002: For the Protection of Antiquities and Cultural
Heritage in General 2002).

Accessing these protected UCH sites implies the need for permission by either the Ministry of Culture
or, if considered sovereign immunity, from the flag nation or Greek Ministry of Defense. Nonetheless,
many diving centers take tourists to visit such sites in Greece, without any formal good practice
guidance by national/local authorities concerning risks to and from these sites.

Figure 8: Inside the observation post/battery of the Farinata Battery on Mount Markelos in Leros island, Greece
(photo credit: Mentogiannis 2004).
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A good case study area is the small island of Leros situated in the Dodecanese islands, Greece, which
served as a military naval base during WW 1 and Il. Leros is strategically located in the Eastern
Mediterranean, with large natural harbors and very deep waters, with the ability to host submarines.
During the 20th century, Leros was occupied by the Ottomans, Italians, Germans and British, before
becoming a part of the Greek state after WW II. The Italians had possession of Leros after WW |,
which resulted in them spending 24 years fortifying it as a naval base with a range of important land
remains in creating its base as well as a new model town using Italian rationalist architecture. There
are also other cultural land assets related to this period, such as the famous gun emplacements/batteries
(see Figure 3), tunnels/shelters, and the uniquely designed Patella telecommunications’ center. During
WW I, ltaly fought with Germany, and Leros suffered bombing raids by the British Royal Air Force.
Due to its excellent anchorage for war ships in its natural coves, it was the second most bombed island
during WW Il after Crete. On September 8, 1943, Italy came over to the Allied camp, resulting in
British reinforcements arriving to Leros and other Dodecanese’s islands. Leros suffered continuous
German aerial bombardment, with one of the largest attacks on the Greek Naval flagship ‘The Queen
Olga’. The island was finally captured by the German troops during Operation Leopard, November,
1943 (Chant 2013), and remained under German occupation till the end of the war.

Leros is a volcanic island, with high visibility of sea waters to a depth of 30- 45 meters. In the bays
around the island there are many WW Il wrecks, depicting its role in this war. There are also
numerous underwater caves. Based on the tangible WW Il UCH and the natural underwater beauty,
Leros is considered as a great diving destination, with good diving sites being the Queen Olga
Destroyer at the port of Lakki; the Anti-Submarine ship in the bay of Partheni; and the wreck of
German bomber Henkel-111 in the bay of Blefouti. WW Il wrecks in the bays around the island lay in
a depth ranging from 16 to 50m. Some UCH are in areas covered by prairies of Posidonia oceanic
(5.5km) and coralligene (1.5km) (Geraga et al. 2013). The most famous is the Greek Navy Destroyer
“Queen Olga” that served with the Greek Hellenic Navy. This was bombed by 25 Junkers Ju 88
bombers and sank in September 1943, killing 80 crew members, including officers (Mentogiannes
2004). Today, there is a monument in Lakki port in honor of this ship. There are also several
museums, such as the War museum housed in a WW Il tunnel, as well as military works from that
time, such as buildings of coastal fortifications on the heights of the coastline and other military
infrastructures (workshops, warehouses, magazines barracks etc.).

Research has begun in mapping these UCH sites (Geraga et al. 2013) as well as unburying the hidden
land and maritime cultural potential of this island for heritage led local developmental paths (Koutsi
and Stratigea 2019). More research is needed in devising a preservation framework for these wrecks
and linking them to local development specific for this insular community. This paper describes some
of the complicated issues that will need to be addressed when developing a sustainable management
plan involving WW | and Il UCH. Today there are new opportunities, e.g. in the tourism sector in
coastal and insular areas in the Mediterranean, where sustainable and resilient exploitation of WW |
and Il UCH in this region can strongly be linked to alternative development pathways, e.g.,
dark/battlefield, cultural or diving tourism.

5. REFERENCES

“11 of the Best Wreckdives.” n.d. Boat International. Accessed June 20, 2019.
https://www.boatinternational.com/destinations/of-the-best-wreck-dives--25095.

Page 188



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Argyropoulos, Vasilike, Maria Giannoulaki, and Dimitri Charalambous, eds. 2015. Conservation of Underwater
Metallic Shipwrecks and Their Finds from the Aegean (in Greek). Athens: Dionicos.

Argyropoulos, Vasilike, and Anastasia Stratigea. 2019. “Sustainable Management of Underwater Cultural
Heritage: The Route from Discovery to Engagement—Open Issues in the Mediterranean.” Heritage 2 (2): 1588—
1613. https://doi.org/10.3390/heritage2020098.

Browne, Kim. 2018. “‘Ghost Battleships’ of the Pacific: Metal Pirates, WWII Heritage, and Environmental
Protection.” Journal of Maritime Archaeology, no. 0123456789. https://doi.org/10.1007/s11457-018-9223-1.
Chant, Christopher. 2013. The Encyclopedia of Codenames of World War Il (Routledge Revivals). New York:
Routledge.

Delgado, James, and Ole Varmer. 2015. “The Public Importance of World War I Shipwrecks : Why a State
Should Care and the Challenges of Protection.” In Proceedings of the Scientific Conference on the Occasion of
the Centenary of World War I Bruges, Belgium, 26 & 27 June 2014, edited by Ulrike Guérin, Arturo Rey da
Silva, and Lucas Simonds, 105-16. UNESCO.

Dounis, C. 2000. Shipwrecks in the Greek Seas. 1900-1950 (Volume A) (in Greek). Athens: Finatec.

Ehler, C., and F. Douvere. 2009. “Marine Spatial Planning: A Step-by-Step Approach, I0C Manuals and Guides
53.” Paris. https://www.oceanbestpractices.net/handle/11329/459.

European Commission. 2012. “Blue Growth Opportunities for Marine and Maritime Sustainable Growth.”
Belgium. https://www.eea.europa.eu/policy-documents/com-2012-494-final-blue.

Firth, Anthony. 2013. “Marine Spatial Planning and the Historic Environment.” Salisbury. http://www.english-
heritage.org.uk/publications/marine-spatial-planning-historic-environment/5460MAINFinal_Report_140213.pdf.

Forrest, Craig. 2012. “Culturally and Environmentally Sensitive Sunken Warships.” Australian and New Zealand
Maritime Law Journal 26: 80—88. http://timesonline.co.uk/tol/news/world/europe/article4393827 .ece.

Fourqurean, James W., Carlos M. Duarte, Hilary Kennedy, Nuria Marba, Marianne Holmer, Miguel Angel
Mateo, Eugenia T. Apostolaki, et al. 2012. “Seagrass Ecosystems as a Globally Significant Carbon Stock.”
Nature Geoscience 5 (7): 505-9. https://doi.org/10.1038/ngeo1477.

Geraga, M, E Katsou, D Christodoulou, M latrou, S Kordella, G Papatheodorou, V Mentogiannis, and K
Kouvas. 2013. “Mapping Natural and Cultural Marine Heritage in Leros Island Greece.” In Rapport Du 40e
Congres de La CIESM 40th, edited by D E L a Ciesm, 40:847. Marseille.

Giannakopoulos, C., M. Bindi, P. Le Sager, C.M. Goodess, M. Moriondo, and E. Kostopoulou. 2009. “Climatic
Changes and Associated Impacts in the Mediterranean Resulting from a 2 °C Global Warming.” Global and
Planetary Change 68 (3): 209-24. https://doi.org/10.1016/j.gloplacha.2009.06.001.

ICOMOS. 1996. “Charter on the Protection and Management of Underwater Cultural Heritage (1996).” 11th
ICOMOS General Assembly in Sofia, Bulgaria, October 1996. https://doi.org/10.1179/135050397793138925.
loannidis, Sakis. 2016. “Shedding Light on the Sunken HMHS Britannic.” Kathemerini, October 13, 2016.
http://www.ekathimerini.com/212817/article/ekathimerini/life/shedding-light-on-the-sunken-hmhs-britannic.
Jeffery, Bill. 2004. “World War II Underwater Cultural Heritage Sites in Truk Lagoon: Considering a Case for
World Heritage Listing.” International Journal of Nautical Archaeology 33 (1): 106-21.
https://doi.org/10.1111/j.1095-9270.2004.00009.x.

. 2017. “Submerged Second World War Sites in Chuuk, Guam, Pohnepei and Yap.” In Safeguarding
Underwater Cultural Heritage in the Pacific, edited by PUCHP, 53-71. Paris: UNESCO.

Kisi¢, Visnja. 2013. Governing Heritage Dissonance- Promises and Realities of Selected Cultural Policies.
Belgrade: European Cultural Foundation.
https://staticl.squarespace.com/static/526e5978e4b0b83086alfede/t/58936alebe6594e509d0ae85/14860559876
06/Governing_Heritage Dissonance.pdf.

Page 189



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Koutsi, Dionisia, and Anastasia Stratigea. 2019. “Unburying Hidden Land and Maritime Cultural Potential of
Small Islands in the Mediterranean for Tracking Heritage-Led Local Development Paths.” Heritage 2 (1): 938—
66. https://doi.org/10.3390/heritage2010062.

Krause-Jensen, Dorte, Oscar Serrano, Eugenia T. Apostolaki, David J. Gregory, and Carlos M. Duarte. 2019.
“Seagrass Sedimentary Deposits as Security Vaults and Time Capsules of the Human Past.” Ambio 48 (4): 325—
35. https://doi.org/10.1007/s13280-018-1083-2.

Law 3028/2002: For the Protection of Antiquities and Cultural Heritage in General. 2002. Greece.
http://www.tap.gr/tapadb/files/nomothesia/nomoi/n.3028_2002.pdf.

MacLeod, lan. 2019. “Corrosion and Conservation Management of the Submarine HMAS AE2 (1915) in the Sea
of Marmara, Turkey.” Heritage 2 (1): 868—-83. https://doi.org/10.3390/heritage2010058.

Makuvaza, Simon, ed. 2018. Aspects of Management Planning for Cultural World Heritage Sites. Cham:
Springer International Publishing. https://doi.org/10.1007/978-3-319-69856-4.

Mentogiannes, Basiles. 2004. 52 Days 1943 - The Queen Olga and The Battle of Leros: Underwater Filming and
Research. Athens: Kastaniotes.

Nutley, David M. 2007. “Look Outwards, Reach Inwards, Pass It On: The Three Tenures of Underwater Cultural
Heritage Interpretation.” In Out of the Blue, 33-51. Boston, MA: Springer US. https://doi.org/10.1007/978-0-
387-47862-3_3.

Papuccular, Hazel. 2015. “Fragmented Memories The Dodecanese Islands during WWIL.” In Heritage and
Memory of War Responses from Small Islands, edited by Carr Gilly and Reeves Keir, 1st ed. Routledge.
https://doi.org/10.4324/9781315736433.

Perez-Alvaro, Elena. 2019. Underwater Cultural Heritage. Routledge. https://doi.org/10.4324/9780429467820.
Porch, D. 2004. The Path to Victory: The Mediterranean Theater in World War 1l. Farrar, Straus and Giroux.

Russell, Matthew A., and Larry E. Murphy. 2003. “USS Arizona Memorial.” Submerged Resources Center
Technical Report No. 15. Sante Fe, New Mexico.

Strati, Anastasia. 2006. “Protection of the Underwater Cultural Heritage: From the Shortcomings of the UN
Convention on the Law of the Sea to the Compromises of the UNESCO Convention.” In Unresolved Issues and
New Challenges to the Law of the Sea Time Before and Time After, edited by Anastasia Strati, Maria
Gavouneli, and N. Kourtos. Leiden: Martinus Nijhoff Publishers.

Stratigea, Anastasia, Akrivi Leka, and Chrysses Nicolaides. 2017. “Small and Medium-Sized Cities and Insular
Communities in the Mediterranean: Coping with Sustainability Challenges in the Smart City Context.” In .
https://doi.org/10.1007/978-3-319-54558-5_1.

Thoctarides, Kostas, and Aris Bilalis. 2015. Shipwrecks of the Greek Seas, Dive into Their History. Peraias:
Aikaterini Laskaridis Foundation.

Tilberg, Hans Van. 2017. “Second World War Underwater Cultural Heritage Issues in Hawaii.” In Safeguarding
Underwater Cultural Heritage in the Pacific, edited by PUCHP, 43-52. Paris: UNESCO.

Timmermans, Dirk, Ulrike Guerin, and Arturo Rey da Silva, eds. 2015. Heritage for Peace and Reconciliation,
Safeguarding the Underwater Cultural Heritage of the First World War. Belgium: UNESCO.
https://doi.org/10.1016/0301-4207(78)90050-8.

UNESCO-WHC. 2006. “Issues Related to the State of Conservation of World Heritage Properties: The Impacts
of  Climate Change on World Heritage Properties, Decision 30 COM 7.1.”
https://doi.org/10.1016/j.sbspro.2010.05.048.

2010. “Bikini Atoll Conservation Management Plan.” Paris. https://whc.unesco.org/en/list/1339/documents/.

UNESCO. 2001. The UNESCO Convention on the Protection of the Underwater Cultural Heritage (CPUCH).
Paris, France. http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/CLT/pdf/GB-2001CONVENTION-
INFOKIT-2018_02.pdf.

Page 190



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

2015. “Policy for the Integration of a Sustainable Development Perspective into the Processes of the World
Heritage Convention.” World Heritage and Sustainable Development.

United Nations Treaty Series. 1982. United Nations Convention on the Law of the Sea.
https://treaties.un.org/doc/publication/unts/volume 1833/volume-1833-a-31363-english.pdf.

Veronico, Nicholas A. 2015. Hidden Warhsips, Finding World War II’s Abandoned, Sunk, and Preserved
Warships. First. Minneapolis: Zentih Press.

Viduka, Andrew J. 2017. “Protection and Management of Australia’s Second World War Underwater Cultural
Heritage.” In Safeguarding Underwater Cultural Heritage in the Pacific, edited by PUCHP, 77-92. Paris:
UNESCO.

“World’s Best Wreck Dives: The Top 10.” 2019. Scuba Travel. 2019. https://www.scubatravel.co.uk/best-
wreck-dives.html.

“WWII Shipwrecks in the Greek Seas.” 2019. 2019. http://labtop.topo.auth.gr/wreckhistory/ww2witgs/.

“WWII Shipwrecks Swimming in Marine Life.” 2011. Live Science. 2011. https://www.livescience.com/15967-
graveyard-atlantic-shipwrecks-marine-lifen.html.

Zaloga, Steve J. 2009. Operation Dragoon 1944, France’s Other D-Day. Osprey Publishing Ltd.

Page 191



International Conference in Management of Accessible Underwater, Cultural and Natural Heritage Sites:
“Dive in Blue Growth”, Athens, Greece, 16-18 October 2019

Tourism experience in the Underwater Archaeological heritage site:
managing emotional state to increase archaeological diving tourism in the
Sunken City of Baiae

Cristina Canoro?, and Francesco 1zzo?, Barbara Masiello?
1Campi Flegrei diving center, Italy
2Luigi Vanvitelli University, Italy

Abstract: Tourism experience focuses on tourist travel experiences that involve personal
needs, from pleasure to a search for meaning (Rodrigues et al. 2016). Literature highlights
the importance of experiential paradigm to manage effectively tourism destinations (Ritchie
and Hudson, 2009; Morgan et al., 2010; Wang, Pizam, 2011; Neuhofer et al., 2012).
According to this approach the tourist’ decision-making process is not perceived as a purely
cognitive process aimed at maximizing utility but as a more complex process, affected by
sensations, feelings involving fun, fantasy and desire (Lagiewski, Zekan, 2006; Pike 2008;
Ryan, 2010). As a result, there is an increasing attention to examine the psychology behind
tourist experiences and on delivering unique and memorable tourism experiences (Ritchie,
Hudson, 2009; Kim et al., 2012)

However, scholars have recently called for more research on the topic, while large empirical
studies are still few (Kim et al.,, 2012; Chandralal, Valenzuela, 2015; Tsai, 2016). To
contribute to fill this lack the paper presents an explorative analysis in the field of tourism
experience in the underwater archaeological heritage site as the Sunken City of Baiae, where
the archaeological diving tourism has been growing during last years. The aim of this study
is to explore how visitors create their touristic experience, by acknowledging the role of
feelings and emotions in the consumption process. In particular, we try to understand which
are the key elements of an extraordinary, unique and memorable touristic experience. Results
provide interesting insights on how divers create a memorable tourism experience, by
identifying also different consumption profiles related to the diverse role of feeling and
memories involved in the consumption process. This study also provides some suggestions
for managers and policy makers to manage an underwater archaeological heritage site such
as the Sunken City of Baiae, increasing its competitiveness as a touristic destination area.

Keywords: memorable tourism experience — underwater archaeological heritage —
archaeological diving tourism.

1. INTRODUCTION

Emotions affect customers’ purchasing and consumption process. They are indeed the ones that make
us take a decision rather than another one, leading us during the whole purchasing process and to get
us in action.

Consumers are not considered anymore simply “rational animals” but rather like “rational animals,
emotional above all” (Schmitt, 2001). The irrational part has the tendency to prevail the rational one.
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Today’s consumer is looking for experiences, meanings and emotions rather than products. For this
type of consuming, so called experiential, in opposition to the functional one, there is only one rule:
give space to emotions.

Literature highlights the importance of experiential paradigm to manage effectively tourism
destinations (Ritchie and Hudson, 2009; Morgan et al., 2010; Wang, Pizam, 2011; Neuhofer et al.,
2012). According to this approach the tourist’ decision-making process is not perceived as a purely
cognitive process aimed at maximizing utility but as a more complex process, affected by sensations,
feelings involving fun, fantasy and desire (Lagiewski, Zekan, 2006; Pike 2008; Ryan, 2010).

As a result, there is an increasing attention to examine the concept of experience in the tourism field
and on delivering unique and memorable tourism experiences (Ritchie, Hudson, 2009; Kim et al.,
2012).

The role of experience has always had a relevant role in tourism research and practice. Nowadays the
consumers are ever more sophisticated: social, knowledgeable, demanding, and emotions seeker; we
could say he is a traveller 3.0.

Travellers are searching real and unique experiences that are always different in each travelling. They
don’t want anymore to be simple spectators, but they want to be protagonists. That’s a completely new
approach to the travel, completely different from the past; the aim is not anymore the relax, but rather
we travel to know, learn, have fun, experience emotions, to feel oneself as part of a group, to share,
tighten new relationships, take part of any kind of activity, not necessarily sport, and last but not least,
people travel to discover oneself, to come to know aspects never known before, cause we never
challenged ourselves before, we travel to go beyond our limits.

Studies on the field are based on two main different backgrounds: the social science and the
marketing/management approach (Mossberg, 2007). The first describes the touristic experience as a
relatively meagre concept. The tourist is looking for new experiences that can help him escape from
daily stress. Only this moment, when the tourist is able to escape, can be defined as “the peak
experience” (Mossberg, 2007). All the rest, like accommodations, the visited places, restaurants and
the setting offering the service influences their travelling, is not considered in the definition of touristic
experience.

The second approach has a broader insight. The experience is considered as the whole of all the
experienced moments, the emotions felt, all services and activities involved with the consumer during
the travel. This concept is not focused only on the peak experience, furthermore this research topic
states that the peak experience has only to be understood as out of ordinary dimension (Mossberg,
2007), namely is that cannot be forecast, that surprised us unexpected and in a positive way. In this
study we focus on the marketing/management approach that better manages to explain the concept of
touristic experience: a wide and complex concept that cannot be reduced only to a single moment. If
the accommodation and other missing support services have been considered low in quality standard,
nevertheless the visited places are much better than expected, the visitor could experience huge
dissatisfaction that will affect the overall final evaluation of the travel experience.

According to Mossberg (2007) there are three factors that influence the mood and, therefore, the
tourist satisfaction during the experience:

1. Physical Environment

2. Personnel

3. Other tourists, the other tourists who share some moments of the experience
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However, the focus is not on “consuming” but rather on “consuming experience”. This is the
experiential marketing, which is based on the prerequisite that the consumer is not always rational, but
the emotions play a key role during the purchasing process. In this perspective the experiential
marketing does not focus on the physical and functional characteristics to attribute to a product, but
rather on the customers, on their desires and their emotions. It is all about the consumer. It is not only
the quality of a product that affects their behaviours but also the emotional, sensorial and relational
experiences connected to the action of purchasing and consuming. But we don’t have neither universal
methods or tools that we can apply in any case, nor diagrams and equations that are able to interpret,
explain and forecast the consumer behaviour. It is necessary to experiment, and sometimes even fail,
because it’s not easy to go in tune with the customer, and every experience is unique on its own. This
new marketing concept has involved especially the tourism sector. In this field, the focus become
marketing based on liability and simplicity, able to build experiences that can tell the stories of a
territory and to point to the authenticity of a place, so that it can be well visible by the tourists. It is all
about building memorable experiences so that the tourist can be a different person after his travelling.

2. CASE STUDY

2.1. Background

Different studies have analysed the tourism experience concept and measurement, nevertheless
scholars have recently called for more research on the topic, while large empirical studies are still few
(Kim et al., 2012; Kim, 2013; Chandralal, Valenzuela, 2015; Tsai, 2016). To contribute to fill
this lack the paper presents an explorative analysis in the field of tourism experience in the underwater
archaeological heritage site as the Sunken City of Baiae. The aim of this study is to explore how
visitors create their touristic experience, by acknowledging the role of feelings and emotions in the
consumption process. In particular, we try to understand which are the key elements of an
extraordinary, unique and memorable touristic experience. For this purpose the exploratory analysis
focuses on testing memorable tourism experience (MTE) scale among the Campi Flegrei Diving
Center clients visiting the Underwater Archaeological Park of Baiae, known as the Sunken City. In
this study, diving, shorkelling and Discover Scuba Diving Program (a trial dive for people without
scuba certification) are the tourism experiences investigated and the underwater cultural heritage site,
like the Sunken City of Baiae represents the tourism destination context, where the archaeological
diving tourism has been growing during last years.

2.2. The set of the research: The Underwater Archaeological Park of Baiae, the
Sunken City

The Underwater Archaeological Park of Baiae is a marine protected area (MPA) located in the Campi
Flegrei, to the west of Naples. Campi Flegrei area (taken from the Greek, burning earth) lies in a
harmonious landscape of rolling hills, a volcanic land characterized by the volcanic phenomenon of
bradyseism, a gradual uplift or descent of part of the earth's surface caused by the filling or emptying
of an underground magma chamber. Due to this phenomenon the ancient coastal belt experienced a
collapse and the result was the total submersion of all the buildings which were constructed upon it.
The once most reclaimed, commercial city of Pozzuoli, the famous residential area of Baiae, with
maritime villa of Roman aristocracy, and Miseno, the seat of the western imperial fleet, were all of
great significance during the Roman era and are today protected all below the sea level at a shallow
depth of 3-5 m. MPA was established in 2002 and is managed by Superintendence “Archaeological
Park of Campi Flegrei”. It is considered one of the most famous archaeological sites for the relevance
of the underwater cultural heritage represented by a Roman sunken city named “Underwater Pompeii”
with mosaics, statues and ruins of maritime villa. The MPA is divided into three zones. In the zone A,
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at Epitaffio Point are located Protiro Villa Pisoni’s Villa and Sunken Nymphaeum with beautiful
mosaics, marble flooring and statues. In the zone B is located Portus Julius, the Roman port
commissioned by Marcus Vipsanius Agrippa during the civil war between Octavian and Sextus
Pompey (37 BC). In the zone C is located Smokey Reef, with numerous active fumaroles which attest
the volcanic origin of this area. The fumaroles are columns of gaseous bubbles which escape from the
sea bed depositing sulphur which covers the surrounding sea floor.

Nowadays, about twenty years after the establishment of the park it seems that the area enjoys the
benefits of the protection, conservation and valorisation, also thanks to the choice of the
Superintendence to entrust diving centres the visits that are increasing, both with foreigners and local
divers (Stefanile, 2012). Figures shows that archaeological underwater itineraries are attracting even
more people (Davidde, 2002), during the last years the Sunken City has seen an increase in visitors
number, becoming even more visible as it is considered one of the coolest underwater attractions
(Ocean, 2013) and, as Lonely Planet 2014 suggests, one of thousands most adventure experience to do
around the world. Moreover a previous study (Canoro, 1zzo, 2014) underlines the growing trend of the
Archaeological Diving Tourism (ADT) in the site. The data revealed that it represents a driver for the
local development in an area of incredible beauty and richness of natural, historical, archaeological
and cultural resources, which should be valorized managing the efforts of local actors organizing
synergies and networks among them. In the recent years the Sunken City of Baiae has been a set of
different research projects, some of which co-funded by the Cosme program of the European Union to

build international networks of Mediterranean Underwater Cultural Heritage sites.
Fig. 1. Archaeological Underwater itineraries in MPA of Baiae.

Recent figures show that the MPA of Baiae attracts about 200,000 tourists each year. About 60% of
tourists are managed by CFDC. MPA of Baiae can be visited only by authorized divings and boats and
the visit must be conducted by authorized guides. Nowadays visits are managed by about 10 diving
and one boat with a glass bottom.

2.3. Campi Flegrei Diving Center tourism strategy
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Campi Flegrei Diving Center (CFDC) was founded in 1992 and it is one of the oldest divings in Italy.
It is an established diving training centre, notably being a 5 Star Instructor Development Centre (IDC)
with the Professional Association of Diving Instructors (PADI) and has been distinguished numerous
times for its on going activities. Since 2007, when the agreement between Superintendence and the
association Assodiving Flegreum was signed, CFDC has been active in promoting diving tourism in
the area and in particular it has focused its activities on the Underwater Archaeology Park of Baiae. It
provides different services: training (diving courses, underwater archaeology courses) equipment
rental, diving with professional guides, inbound and outbound services, diving services in support of
filming activities using new technologies (3D, audioguides, communication diver-diver and diver-
surface ). In collaboration with local and national entities, universities, training organizations in the
field of diving, environmental protection, tourism and underwater archaeology CFDC organizes
events, conferences, informative demonstration to encourage a sustainable development of our area
driven by the underwater archaeology. Moreover, it participates at several projects, at national and
European level about the development of the underwater archaeological tourism in the area of Campi
Flegrei, the spread of the sport culture, the respect for the environment, in particular the marine
environment and cultural heritage underwater sites. In particular, in the last years CFDC has taken part
in different European projects supporting researches on underwater sites providing diving and
technology support services. In the 2015 the diving centre submitted the Grant application form by
EASME for the program concerning the Implementation of the European Maritime and Fisheries Fund
Work Programme about thematic touristic routes on underwater cultural heritage, as coordinator of an
international partnership. The project aimed to build a network among underwater itineraries in Italy,
France and Spain. Besides, the project proposed the implementation of innovative technologies during
the visits to allow the development of competitive routes. One of the main objectives of the project
was to encourage the promotion and knowledge of transnational archaeological diving tourism routes
to the public using innovative technologies. The proposal failed and it was not financed, but the
experience allows to continue working on building international network to promote archaeological
underwater itineraries. Finally in 2019 the project proposal “MeDryDive”, presented in partnership
with SMEs from Greece, Italy, Croatia, Montenegro and the municipality of Kavaje in Albania, was
approved, receiving a funding by the European Union’s Cosme Programme. The project, coordinated
by Mazi Travel from Greece, aims creating personalized dry drive experiences for the promotion of
Mediterranean Underwater Cultural Heritage sites. The mission is to create and offer personalized CCl
(Cultural and Creative Industry) apps (dry apps, AR apps, serious games, videos) that enrich the
experience of tourists (both divers and non-divers) and stimulate their interest on Med/EU Underwater
Heritage sites. The project integrates ICT/CCI applications into the development of new transnational
thematic tourism product in the Med. A new transnational thematic tourism product “Dive in the Past”
with a combination of packages will be created and promoted by tourist operators. The product will
target divers and non-divers globally in order to develop a transnational thematic tourism products
focusing on innovative solutions, such as but not limited to AR apps, used as interface to explore
tourism attractions/destinations and develop new modes of visitor servicing, storytelling and
gamification. In the future CFDC aims to build an international network of Universities, research
organizations and institutions in the field of underwater archaeological tourism to propose new
tourism experiences. In particular these networks, focusing on new technologies, will allow to de-
seasonalize tourist flows and to increase visitors targets, offering new tourists’ experiences of various

kind.
2.4 The survey

The explorative analysis was carried out in 2018 (June/July) at Campi Flegrei Diving Center on a
sample of 300 visitors of the Sunken City of Baiae guided by CFDC. In order to have a representative
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sample, the questionnaire was submitted to women and men, Italians and strangers, tourist and
excursionist, expert and novice divers, non-divers (snorkelling). The study has allowed us to gather
relevant information about visitors’ feelings and emotions during the visit and to evaluate the customer
satisfaction, analysing the point of view of each visitor in order to make the experience memorable and
more competitive on the market. Data was collected using a questionnaire to test MTE scale developed
by Kim et al. (2012) to analyse tourism experience provided by Campi Flegrei Diving Center. The
questionnaire is made up of 56 questions, some discretionary, divided in 4 sections: the first about
general information regarding the visit of the Sunken City of Baiae; the second about the experience,
emotions and feelings perceived during the visit; the third about personal data; the fourth,
discretionary, about further information on the stay. The first section allows us to understand how
visitors come to know the underwater site and CFDC, if it was their first time visiting it and if visiting
the Underwater Archaeological Park was the main motivation of their travel. From the first analysis
we obtain the information that 79% of tourists was visiting the site for the first time. The data is
relevant to confirm the developing opportunities of the site to attract thousands of tourists each year.
The remaining 21,4% instead is representative of a market share composed of faithful excursionists
who having previously experienced pleasant and memorable experiences, as soon as they can, they
return to enjoy the wonderful visit. Regarding the way they came to know the Sunken City, the
most used communication tool is the word of mouth (38%), then follows internet (22%), belonging
diving (21%), social network (15%) and finally tour operators and newspapers/television (4%).
Moreover it is interesting to underline that 84 % of the sample states that the visit to the Park was the
main motivation for the trip in the Campi Flegrei area.

W diving

M snorkelling

Fig. 2: Type of visit: diving versus snorkelling

2.5 The visitors of the Sunken City of Baiae

The exploratory analysis allows us to define the visitor’s profile. The total respondents are 300, 51%
of these are women and 49% men, of whom slightly more than half (56%) are Italians and the main
part comes from different countries, like as U.S.A. (13%), U.K. (9%), Germany (7%), France (3%),
Belgium (2,5%) and some minorities from Spain, Australia, Turkey, China, Netherlands and Russia.

Data shows that the wider group of tourists are young (32%), between the age of 26 and 35,
followed by the Millennials (27%), between the age of 18-25, then the adults between the age of 36-45
are 18% and finally the mature between the age of 45 and 60 are 14% of the total. Tourists had the
opportunity to choose different types of visit: diving or snorkelling.The large majority of the
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interviewed (78%) decided to visit the Sunken City by scuba diving. This is a relevant data, revealing
the great opportunity to develop the snorkelling market and to promote different experiences using
new technologies to de-seasonalize tourist flows and to increase visitors target. The great part of divers
are certificated, the remaining part scuba diving for the first time, the so called “discover scuba
diving” experience.

2.6 Results

The main focus of the questionnaire is the section dedicated to the emotions felt during the visit. The
study explores tourists’ emotions and feelings through 7 domains based on the MTE scale developed
by Kim (2010, 2012) and adapted to the context.

hedonism

novelty

refreshment
meaningfulness

knowledge and local culture
Organizational quality

No gk~ wbdh e

involvement

The first dimension is hedonism and it encompasses all the emotions related to the travel, and
therefore excitement, entertainment, satisfaction and pleasure related to the whole experience and to
the single activities. It is defined as the seeking of sensual pleasure and it represents the emotional
value of the experience.

Novelty dimension: this study refers to unique, rare experience, different from previous. Hence it is
strictly related to the traveller satisfaction. Refreshment is defined as the ability to help people escapes
from daily stresses, so they do not realize time is passing and they forget everything. Meaningfulness
is a relevant concept related to the memorable experience, indeed the more the experience gives the
tourist a sense of value, the more it will remain in memory. This dimension can enable personal
changes and affect the way of living, their beliefs and habits. In this study it refers to the statements
about doing something important on the day of the visit, hence something meaningfulness that allows
learning something about themselves to remember forever.

Knowledge and culture are two relevant concepts in the tourism field. The desire to learn it has always
affected the tourists’ purchase intention. In our research this dimension refers to the statement about
learning new things, acquiring new skills, being in touch with a new culture and learning more about
Roman history and culture after visiting the Sunken City of Baiae. Organizational quality is a broader
concept. In this study it refers to the statement regarding not only the setting, services, equipment of
the diving centre but also professional skills of the staff, key element to make their visit a memorable
experience. Moreover it was considered the relationship with the diver buddy. Involvement is defined
as the interest of the tourist for a particular activity and the enthusiasm that results from them. In the
research it refers to statements about the interest in the activities they experienced, if they enjoyed the
visit and if they had visited a site that really they wanted to know. Besides we asked if they were so
involved to make photos to show to friends and /or to share on the social and if they would suggest to
others to visit the Sunken City of Baiae by CFDC services. The study is designed to measure the
above mentioned 7 dimensions felt during the visit at the underwater site. Each construct has different
guestions based on Kim studies (2010, 2012) measured with 5-point Likert scales. The graph
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highlights the resulting values of average of the all respondents, from which we can claim the
completely fulfilling customers' satisfaction of the visit at the site through Campi Flegrei services
provided. The experience was then up to their expectations. Moreover the high value of novelty cluster
points out the tourist perception about the lived experience unlike any before it.

4,73

4,54

4}55 4,52

4,38 ® hedonism

| novelty

m refreshment
meaningfulness

m knowledge and local culture

M organizational quality

M involvement

4,2

4,03

3,85

3,68
MTE SCALE

Fig. 3: MTE scale tested on Sunken City of Baiae tourism experience provided by Campi Flegrei Diving Center

The visit has been so rare and extraordinary for them to leave a strong impression in their minds and
heart.

Data analysis on the “organizational quality” dimension shows how the tourists feel comfortable and
safe, thanks to the welcome and the hospitality of the staff. Moreover sharing experience with fellow
travellers was considered enjoyable, all the visitors were encouraged to socialize and experienced
pleasant relationships with their fellow traveller. However, sharing experience is definitely part of the
fun, instead the dimension “involvement” represents the lower value, although the value indicates high
satisfaction. Interviews explain that the relative low involvement is not affected by the activities
proposed, considered interesting and enjoyable, but by the inability to take pictures underwater. Indeed
some tourists regret to not have pictures as souvenirs for their friends. The motivation is the lack of
personal equipment to take pictures underwater or lack of time cause the itinerary is so special that
needs a high concentration.

2.7 CONCLUSIONS

Results provide interesting insights on how visitors create a memorable tourism experience, by
identifying the different role of feelings and memories involved in the consumption process. This
study also provides some suggestions for managers and policy makers to manage an underwater
archaeological heritage site, increasing its competitiveness as a touristic destination area. The
exploratory analysis was carried out in 2018 (June/July) at Campi Flegrei Diving Center on a sample
of 300 visitors of the Sunken City of Baiae guided by the diving center, and it allow us to test the MTE
scale on the tourism experience for the purpose to evaluate emotions and feeling of every single
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traveller to deepen their point of view. The research suggests that the beauty and value of the
Underwater Archaeological Park of Baiae have been understood from all the interviewed, and CFDC
with his staff has been able to make the experience memorable. However, the valuable insights are
useful not only to evaluate the quality of past experience but above all to improve the quality of the
services provided and to make the future visit experience at the underwater archaeological site unique,
enjoyable and unforgettable. Moreover, the MTE scale is a very useful tool to analyse strengthen and
weakness to improve competitiveness and increase the number of satisfied visitors from year to year.
It is therefore essential that CFDC continues to innovate and to diversify its offer, in particular
focusing on new technologies to offer unique and memorable tourists’ experiences providing value
added services. In fact, future developments are in new technologies investments, thanks to European
funds with the aim to de-seasonalize tourist flows and to increase visitors target, offering underwater
dry and wet experiences of various kind. Finally further research will be carried out to analyse
traveller perception on the new visit experience by new technologies such as serious game and 3D
models.
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Until recently, protection of underwater archaeological sites was synonymous to prohibition of any
activity within their limits, especially diving. However, in most cases these sites are remote and
difficulty accessed and more often than not protecting the sites tends to be words on a paper rather
than a continuous active patrolling of the area by the coast guard.

During the last couple of decades, developments in diving have made it possible for many to dive
more easily and in greater depths giving a big boost to the diving industry. Consequently, diving
tourism became a major sector of touristic activity and making underwater archaeological sites
accessible to the diving community has become a pressing matter to the governments of coastal states.
Thus, finding the right equilibrium between protection and exploitation of underwater cultural sites
has been an ongoing debate on many levels and with various approaches (scientific, cultural, social,
financial etc.)

The major question posed is how can accessibility be achieved, without damaging the site in the long
run. In other words, if physical presence of a group of divers/snorkelers is the key to an essential
educative/entertaining experience and interaction with Underwater Cultural Heritage, in which ways
should this be made possible without posing any threats to the archaeological record and its context?
More importantly, when does this reasonable marriage between UCH and diving becomes a forced
one? In order to provide answers to the above this paper focuses on examples from Greece and the
way this matter has been handled so far by the Greek stakehold