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Abstract. The paper presents a database of information on wrecks, natural and artificial reefs located in the Adriatic Sea,
collected within the framework of the Interreg Italy-Croatia project ADRIREEF - Innovative exploitation of Adriatic Reefs in
order to strengthen Blue Economy. The data collection lasted more than one year and comprehended three surveys and a wide
literature review. After being collected, data were harmonized and, where possible, made machine-readable. Moreover, data

were widely metadated, published in a webGIS (https://adrireef.github.io/sandbox3/) and shared as Open Data in EMODnet

(European Marine Observation Data network) through the SEANOE repository (Ferra et al., 2020;
http://doi.org/10.17882/74880). The database is composed of 285 three-dimensional records, each one described by 51

attributes. Parameters are clustered in four main groups: identification, reef and site description, management/exploitation

information. Available literature (scientific and/or grey) was also included in the database and linked to the corresponding site.
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1 Introduction

In the Blue Innovation concept, the attractiveness and possible use of existing marine resources which are not yet fully
exploited is relevant to promote sustainable economic development (VVogt, 1998; Orams, 2002; Cater and Cater, 2007; Kiper,
2013; Sakellariadou and Kostopoulou, 2015; Nurhayati et al., 2019) and redefine marine fisheries (Pauly, 2018; Stead, 2018).
In this context, the recognition of less known and appreciated natural reefs (NRs), existing artificial structures (e.g. artificial
reefs, rig-to-reefs; ARs) and wrecks could also be a successful way to pursue Blue Growth as all these sites might be suitable
places for developing or improving sustainable activities such as fishing (both recreational and professional), nautical tourism,
diving and aquaculture (Wilhelmsson et al., 1998; Stolk et al., 2007; Uyarra et al., 2009; Needham, 2010; Edney, 2011;
Spalding et al., 2017; Alempijevi¢ and Kovaci¢, 2019). Therefore, qualitative and guantitative information about the heritage
presence and already existing human activitiesaf&fundamental to pursue an ecosystem-based sea use management according
to the Marine Spatial Planning Directive (EU Directive 2014/89/UE; Douvere, 2008; Gilliland and Laffoley, 2008). As MSP
is based on the three pillars for sustainable development — social, economic and environmental jits implementation will
facilitate in turn the enforcement of the Marine Strategy Framework Directive (MSFD, European Commission, 2008) and the
chQéee\éement of Good Environmental Status (GES).

-Basing-on the above considerations, this paper presents a comprehensive collection of 285 natural reefs, artificial reefs and
wrecks located in the Adriatic Sealresulting from the joint effort of Italian and Croatian partners participating in the Interreg
Italy-Croatia project ADRIREEF (Innovative exploitation of Adriatic Reefs in order to strengthen blue economy,

https://www.italy-croatia.eu/web/adrireef) aimed at assessing the potentiality of reefs in the Adriatic Sea in order to strengthen

the Blue Economy.

An analogous attempt of inventory was made on intentionally sunk shipwrecks to serve as ARs over six continents (llieva et
al., 2019). Anyway, no wreck was signalled in the Adriatic Sea, whereas available literature (Pivetta et al., 2012) and our
search highlighted the occurrence of several accidentally sunken ships which, anyway, act as artificial habitats. Similar
attempts to geolocalize ARs and wrecks were made along the national coasts and offshore waters of Florida and Alabama
(U.S.A)), by querying municipalities about the deployment of the reefs (U.S. Fish and Wildlife Service, Wildlife & Sport Fish

Restoration Program, https://www.fws.gov/wsfrprograms/) as well as in the Gulf of Mexico (Alabama Marine Resources

Division, https://www.outdooralabama.com/saltwater-fishing/artificial-reefs). The latter dataset reports all the submerged

structures (including ARSs, rig-to-reefs and Wrecks)-Fel-;l]-ng-e-n-the Gulf of Mexico area, but only name, type of reef and
coordinates are publicly available. Lastly, some efforts were done concerning NRs within the Reefbase project)which helped
localize and concisely qualify ~10000 reefs on a global scale (Oliver et al., 2002).

Another attempt made to identify aquaculture zones in the Adriatic Sea, also through a webGis application
(http://www.caps2.eu/caps2/), enhances zones of production, harvesting and farms (Tara et al., 2017), but does not include

some Italian reefs dedicated to this practice which are present in our database.
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the
The collection work presented here is thus an ambitious attempt to gather in a single dataset location, geometries, history and

detailed characteristics of natural reefs, artificial reefs and wrecks existing in the Adriatic Sea. It required a deep knowledge
on the overall status of the sites, their history, past and ongoing research and monitoring programs carried out to characterize
their ecological features as well as on their current exploitation level. In this perspective, the key exercise in Activity 1 of
Work Package 3 of the ADRIREEF project was to obtain a classification of NRs, ARs and wrecks occurring in the cooperation
area anéoprovide a map of these sites from different perspectives. %]

The result is an interactive map and an Open Access detailed dataset (Ferra et al, 2020) published on EMODnet whose contents

are available for any user and purpose.

2 Data mining

Starting from an existing own E)ase of the Adriatic artificial reefs, CNR-I@M coordinated the data collection activity to
improve it by developing and sharing among the ADRIREEF partners three online questionnaires on NRs, ARs and wrecks
(Appendix A, B and C, respectively). An initial reV|eTvk\< of available literature and data was carried out to identify the necessary
information on NRs/ARs and wrecks to be required. Questionnaires were structured in such a Way to obtain a unique database
for the two reef typologies and wrecks, including physical, ecological and economic aspects and allowing to classify elements
according to their characteristics. Given the importance of collecting answers quickly and having a structured and
homogeneous database, it became essential to use easy online tools andtolimit the possibility of free answers by proposing

. . €.g. L
multiple-response questions (i—e-Google Forms application; https://www.google.com/forms/about/).

Wrecks were included as a specific category and deserved a dedicated set of questions since they were defined within the
project as accidentally-sunken artificial structures which are attractive for some economic activities (i.e., diving and
recreational fishing).

The collected information was used to create the final ADRIREEF database which fed, in turn, a webGis application allowing
the visualization of reefs and wrecks on an interactive map and their selection basing on running queries.

— Projects’ partners (PPs) were surveyed and answers were harmonized to obtain a consistent database. New features were
defined and used as categories for the elements’ classification and/or for the webGis application. Finally, all data properly

checked and harmonized were assembled and used to populate the database.

2.1 Literature and-avaitaite-data review

The review of existing literature took into account European environmental databases (https://www.eea.europa.eu/data-and-

maps, https://ec.europa.eu/environment/nature/natura2000/data/index_en.htm), research projects carried out by CNR-IRBIM

and other entities, scientific publications and grey Iiteijature. Based on the results of the review and expert knowledge, existing
an

gaps in the information of already known reef sites-ae-wrecks were identified.
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With regard to ARs, a large part of inputs came from the existing CNR-IRBIM database of artificial habitats in Italy,
established in 2009 within the Italian Artificial Habitat Group of the Italian Society of Marine Biology (Fabi et al., 2011; Fabi

et al., 2015; http://www.habitatartificiali.irbim.cnr.it) and containing more than 500 bibliographic references and information

on 80 Italian artificial habitats. Bibliographic references included scientific publications and grey literature on artificial habitats
such as harbours, breakwaters, fish aggregating devices (FADs), offshore platforms and ARs since 1967. By checking this
database, it was possible to obtain a list of@studies regarding the Adriatic ARs published between 1977 and 2017.
Conversely, a similar literature heritage was not present for NRs and wrecks.

2.2 Questionnaire design

indicated
The analysis of the collected information-arese-the need of improving existing data especially on NRs and wrecks.

As ARs and NRs have completely different feature;it was decided to develop two distinct questionnaires. A third questionnaire
was developed for wrecks as they have peculiar characteristics. All questionnaires were built in a systematic way with the aims
of (i) investigating the reefs’ and wrecks’ suitability for Blue Economy purposes and identifying those answers that would
help to achieve this target; (ii) facilitating experts’ participation in the poll by ordering questions into a logical structure.

The identification of the person/s filling in the questionnaires was considered relevant to collect consistent information and
have a contact person in case of missing data. Moreover, numerical information (distances, measures, coordinates) were asked

in specific measurement units to add collected data directly to the database avoiding transformations.

2.2.1 Identification of required information

e
tens-about reefs’ characteri that could influence their suitability for sustainable exploitation-were-pesed:

e  Which is the reef and where is it located?
As a baseline, data regarding the identification of a reef are needed, therefore name and location (in WGS84
Coordinate Reference System and Decimal Degrees) of the reef were required.

e  Which are the main characteristics of the area where the reef is located?
The environmental characteristics of the area where a reef is located may influence its possible exploitation as well
as its attractiveness to perform some activities, hence the following features were considered: minimum distance to
the coast (km); typology of the surrounding seabed; -the- presence of meadows; important biocoenoses, alien and
protected species (in case of NRs); possible protection level applied to the area (in case of NRs).

e Which are the physical features of the reef?
The reefs’ physical features themselves may also influence its potential use, especially for ARS’ which are handmade
constructed and designed for specific scopes. To answer this fundamental question, multiple information are needed:

the typology of the reef; reef bottom depth (m); reef edge (in meters, for NRs); spatial extension of the reef (m?); the
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ori@f the reef (for NRs); the material used for the reef construction (for ARs); structural design of the reef (for
ARs, where it is necessary to knovy type and number of modulﬁs/structures put in place and their layout).
e Is the reef already managed and/or exploited and/or could it be site for new activities?
The actual use of a reef and/or the scope for which it was built, in the case of ARs, can limit the development of
further activities, thus such information is crucial to identify possible synergies and conflicts with additional potential
users. At the same time, the original purpose of an artificial reef turns out to be a key information for better
understanding monitoring and surveillance programs, management plans and possible grants taking place in the area,
as those could also limit or benefit future uses. Therefore, the following information were requested: scope/s for
which an AR was built; if the reef is managed (for both NRs and ARs) and, if yes, who is the management entity; if
a monitoring program is already in place (for both NRs and ARs) and, if yes, its duration and the investigations carried
out; if the reef area is subjected to grant or surveillance service (only for ARs). Furthermore, questions regarding
available data (scientific publications, grey literature, monitoring data) were added to the questionnaires, as they could
help for future research purposes.
Wrecks
Either accidentally or purposely sunken shipwrecks are full-fledged artificial structures even though they cannot be considered
as actual artificial reefs. Therefore, they were included into a specific category sharing some information with the reefs and
integrating some extra information about the physical features of wrecks.
Shared information concern (i) wreck identification (location and name), (ii) characterization of the surrounding area (distance
from the coast, type of surrounding seabed, presence of meadows), (iii) physical features of the wreck (material, bottom depth
and wreck edge), (iv) exploitation and protection of the wreck (exploitation, protection and management of the site, if existing).
Extra information asked to the partners were: weight of the wreck (tons), total area of the footprint (m?), total volume of the

shipwreck (m?) and known dimensions (length, width, height in meters).

2.3 Harmonisation and construction of the database

Firstly, all data collected from questionnaires were screened to delete duplicates and identify incomplete entries and missing
thus making it impossible to evaluate

information, thus-making-an-evaluation-ef-a reef for Blue Economy purposes-impessible: For these missing records, a data
integration was asked to the contact person.

Data collected from questionnaires were then assembled together with those already contained in the CNR-IRBIM database
and harmonized, as some answers were not in line with the requirements. Moreover, geolocations of reefs were inspected in a
GIS environment angwhen those were inconsistent, clarifications were asked.

Once data control and harmonization were completed, a preliminary analysis and classification of the Adriatic reefs was
performed and query filters of the webGis application were identified. Once criteria for reef classification and filters to be

applied in the webGis application were definitely agreed with PPs, the ADRIREEF database was finalized.
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The final database counted-fer-51 columns, 48 of them derived by the questionnaires and 3 created by the database manager
(Type of reef, Country, Region). Of these fields, 10 were used as filters in the webGis application and/or for the reefs’
classification while the remaining 41 as part of technical information sheets.

3 Database structure and geographical coverage

The database counts 285 three-dimensional elements (Latitude/Longitude coordinate and bottom depth), described by 51
parameters and divided into 129 natural reefs, 47 artificial reefs and 109 wrecks located in the Adriatic Sea falling into Italian,
Croatian and International waters (Table 1).

All artificial reefs and most of wrecks fell within the Italian territorial waters, while the majority (79%) of natural reefs was
located within the Croatian ones. The presence of almost all the natural reefs on the eastern side of the studied area is mainly
due to the geological morphology of the Adriatic basin (Stefanon, 1972), while the complete absence of artificial reefs on the
same side is currently due to Croatian legal constraints. It is worth noting that the number of wrecks reported in the Croatian
waters is somewhat underestimated. This fact is due to the lack of basic information about several wrecks (e.g. lack of exact
position of the shipwreck, which did not allow to place it in the map), so it was decided to keep into the database only those
with adequately detailed information. It is also worthy to note that, given the great occurrence of rocky substrates along the
Croatian coast, it was agreed within the ADRIREEF Consortium to identify homogeneous areas and map each of them as a
single natural reef (Zec et al., 2019).

Croatian waters | Italian waters | International waters | Total
Avrtificial Reefs - 47 - 47
Natural Reefs 102 27 - 129
Wrecks 9 87 13 109
Total 111 161 13 285

Table 1: Adriatic reefs and wrecks by typology and country.

The geographical bounding box delimitind_y%‘ studied area is individuated by the coordinates: (N, S, E, W) = (46.0546,
39.4115, 20.0239, 11.7390), expressed in decimal degrees and Coordinates Reference System WGS84. The database is
available-?:-a unique Comma Separated Values (CSV) file.

Table 2 summarizes the structure of the ADRIREEF database specifying the parameters required for each new element: current
name, relative column name, unit of measure, origin of the data (if they come directly from questionnaires or have been created
by the database manager) and possible applicability restrictions. Table 2 also reports, for each parameter, the group it belongs

to. As mentioned in paragraph 2.2.1, Group no. 1 corresponds to reef identification and geolocation information, Group no. 2

=
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contains parameters summarizing the characteristics of the area hosting the reef or wreck, Group no. 3 concerns aspects of the

reefs/wrecks that may also have an effect on its usage, Group no. 4 includes parameters about the present and/or possible future

reef or wreck exploitation.

Unit of Applicability
Column name Description Group |measure |Origin of the data |restriction —
—
type type of reef/wreck 1 DB manager
country 1 DB manager
region 1 DB manager
reference city or zone for the
location reef/wreck 1 DB manager
name common name of the reef/wreck 1 Questionnaires
[decimal
latitude 1|degrees] |Questionnaires
[decimal
longitude 1|degrees] |Questionnaires
for artificial reefs
year_deployment year of reef deployment/wreck sink 1 Questionnaires and wrecks only
for artificial reefs
year_modification year of eventual modification 1 Questionnaires only
min_depth_m bottom depth altitude 2([m] DB manager
depth_m depth range covered by the structure 2([m] Questionnaires
for natural reefs
reef_edge_m height of the structure 2([m] Questionnaires only
min_dist_km minimum distance from the coastline 2[[km] Questionnaires
surrounding seabed sedimentary
surrounding_seabed composition 2 Questionnaires
meadows presence of meadows 2 Questionnaires
for natural reefs
reef_typology reef typology 3 Questionnaires only
structure_wreck type of wreck 3 Questionnaires for wrecks only
for artificial reefs
material material composing the reef 3 Questionnaires only
global arrangement of modules for artificial reefs
arrangement_modules composing the reef 3 Questionnaires only
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for natural reefs
only

for natural and

total_area_sgm total footprint area of the reef [sqm] Questionnaires artificial reefs only
for artificial reefs
total_volume_cubm total volume of the reef [cubm]  [Questionnaires only
number of oases, composed by for artificial reefs
n_oases structures Questionnaires only
for artificial reefs
dist_between_oases_m linear distance between oases [m] Questionnaires only
for artificial reefs
dimens_oases_sgqm footprint area of the oases [sgm] Questionnaires only
type of structures present in the reef, for artificial reefs
type_structures composed of modules Questionnaires only
number of structures present in the for artificial reefs
n_structures reef Questionnaires only
relevant dimensions of the structures for artificial reefs
dim_structures_m of the reef [m] Questionnaires only
linear distance between structures of for artificial reefs
dist_between_structures_m the reef [m] Questionnaires only
shape of the modules composing the for artificial reefs
modules_shape structures of the reef Questionnaires only
number of modules composing the for artificial reefs
n_modules structures of the reef Questionnaires only
linear distance between modules for artificial reefs
dist_between_modules_m composing the structures of the reef [m] Questionnaires only
for artificial reefs
dimension_leng_width_heigh_m  [dimensions L H W of the reef/wreck [m, m, m] | Questionnaires and wrecks only
weight_or_displacement_tons weight or displacement of the wreck [tons] Questionnaires for wrecks only

describes the type of exploitation, if
professional or experimental, of the

for artificial reefs

experimental_professional reef Questionnaires only

describes original conception scopes for artificial reefs
scope of the reef Questionnaires only
exploitation current exploitation of the reef/wreck Questionnaires

potential exploitation of the

possible_exploitation reef/wreck

Questionnaires

observations additional observations

Questionnaires

for wrecks only

biocoenosis

presence (and types, if available) of

Questionnaires

for natural reefs

8
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biocoenosis only
presence (and names, if available) of for natural reefs
alien_species alien species 2 Questionnaires only
presence (and names, if available) of for natural reefs
protected_species protected species 2 Questionnaires only
presence of a protected area where the for natural reefs
protected_area reef is placed 2 Questionnaires only
existing of a management program
management_prog_Y_N insisting on the reef/wreck 2 Questionnaires
name of the management body of the
management_body reef/wreck (if applicable) 2 DB manager
presence of a concession area insisting for artificial reefs
concession_area_Y_N on the reef/wreck 2 Questionnaires and wrecks only
presence (and name, if available) of a
surveillance_service surveillance service on reef/wreck 2 Questionnaires
presence of a current monitoring
current_monitoring_program_Y_N [program on reef/wreck 2 Questionnaires
present or past monitoring program
monitoring_programs insisting on the reef/wreck 2 Questionnaires
eventually available data related to the
available_data reef/wreck - Questionnaires
available_literature available literature, scientific or grey - Questionnaires

Table 2: Column name, the current name of the parameter, type of parameter, unit of measure, origin of the information and

eventual applicability restrictions.

4 Data interrogation and visualization

webGIS

With the purpose of better exploiting, representing and filtering data, a“webGis-was created enabling the contemporary filtering

(where applicable) of more than one of the following selected attributes:

e Type of element;

e Country;

e  Minimum depth of the reef/wreck;

e Distance from the coastline;

e Usage of the reef/wreck;

e Reef typology (for natural reefs);

e Reef material (for artificial reefs).
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The webGis main page is reachable at the-aeleress: https://adrireef.github.io/sandbox3/ and it is composed of two user-friendly

windows (Fig. 1), one reporting all available data filters (left side) and the other one (right side) showing the map where points,
identifying elements, are divided by colour in NRs (green), ARs (blue) and Wrecks (red). Hovering on an element with the

mouse, its Name and Location appear in the left bottom corner of the map.

interreg
Italy - Croatia
aaaaaa eanunion  WP3.1 - Reefs Classification - Deliverable D3.1.4
sddress 0 oowihin T e e ons
& TR 2 Ve,
<<<< h by name il Vérora Paioko

sssssss

Figure 1: The webGis interface. On the left side: the filters window. On the right side: the map window with hover function (bottom
left) and the total number of identified elements (top right). Basemap credits: © OpenStreetMap contributors 2020. Distributed

under a Creative Commons BY-SA License

The total number of currently visualized elements is reported at the top right of the map. Moreover, when an element is clicked,
a pop-up window appears showing the associated relevant information (Fig. 2). From this pop-up, it is possible to print out
information regarding the selected element in PDF format. From thetrr]rrlgbré gﬁ?, it is also possible to access to the “List view”
that shows, for the visualized elements, some common information-threugh-natural, artificial reefs and wrecks (Fig. 3). The
number of visualized elements, in the top right corner of the map view, is updated accordingly to the output of data filtering

operations.
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Auk

Type : Wreck

Country : italy

Region : Marche

Location : Porto Recanati

Year of Deployment : 1544

Depth [m] : 12 - 13

Min. Dist. From Coastline [km] : 5.79
Surrounding Seabed : Sand. Mud

Reef Typology : Decommissioned structures
Structure Wreck : cargo vessel

Dimension LWH [m] : 76.20 / 11.27 / 4.26
Weight or Displacement : 1445
Exploitation : Diving/Srorkeling

Possible Exploitation : Diving/Snorkeling
Experimental/professional : No data
Management : No data

Monitoring Program : No dats

Concession Area : No data

Observations : recrestional diving
Available Data : No data

Available literature (Scientific or Grey) : Pivetta S. Spazzapan G. 2012. Relitti e navi sommerse. La costa adriatica e ionica dalla
Venezia Giulia alla Puglia. Guida ai relitti moderni nei mari italiani. ISBN 978-88-6649-011-53

214
215 Figure 2: Example of a pop up that appears once an element is clicked. Basemap credits: © OpenStreetMap contributors 2020.

216 Distributed under a Creative Commons BY-SA License

217

Interreg -
) Italy - Croatia

EuROPEAN UNION  WP3.1 - Reefs Clas:

ation - Deliverable D3.1.4

European Regional Development Fund

Search results 206 reefs found

Near an address Within
Enter an address 10km v Dist 2
from
Search by name Depth  Coast Surrounding
ot a reet name Name Type Country  Region Location m km] Seabed Reef Typology Exploitation
' Depth (m) Value: 56 Eden ¥ Wreck  aly Apulia Lesina 0-05 0 Sand Decommissioned structures Diving/Snarkeling
@ Distance from the coastiine (km) Value: 13 Scoglio di San Nicala Natural  Italy Marche Grotemmare  15- 0 Sand Patch ree (sand bottom withsmall  Diving/Snarkeling
rest 45 reef structures protruding from the
sediment]
Type of Reef
L@ Nowral £ @ prtificel ¥ @ Wreck Rt Kaprije Natural  Crosta  Sibenik- Kaprije 45 0 Detritic High profile reef (the reef protrudes  Diving/Snorkeling
rest Knin mre then 20 meters from the base
Country County substratum)
@ tay @ Crosia @ Internationalwaters
Reet Rabac Newrel  Croatia  Istra Priog peninsula 30~ 0 Detritic Ledges (vertical resf face Professional
rest 50 characterized by visible crevices) fishery,
Actual exploitation (press Crl to select/unselect more than one option) estionat
No selection - fishery
Research
Diving/Snorkeling v Rt Peneda Newrel  Croatia  Istra NP Briuni 35 0 Detritic High profile reef (the reef protrudes  Diving/Snarkeling
rest more than 20 meters from the base
Natural reef typology (press Ctrl to select/unselect more than one option) substratum)
g:‘::‘i‘”“ Marinica Rat Natural  Crosta  Split- Solta 40 0 Detritic High profile reef (the reef protrudes  Diving/Snorkeling
reet Daimatia more then 20 meters from the base
Ledges -
SEEL County substratum)
Artificial reef material
Rt Kool Naual  Croafa  Split- Brat w0 0 Detritic Ledges (vertial reef face Diving/Snorkeling
No selection v rest Daimatia characterized by visible crevices)
County
CReset | 9 Map view Marginjirat Netural  Crostia  Split- Pakleni otoci 0 0 Detritic High profile reef (the resf protrudes  Diving/Snorkeling
resf Daimatia more than 20 meters from the base

218 e .
219 Figure 3: List view. Once elements are selected, it is possible to obtain some common information by clicking the appropriate button.
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From a technical point of view, data were entered in .csv format, then transformed in JSON objects as “Collection of Features”
class, with prototype (generic) and object (specific) capabilities. For each element, an integer and consecutive identification
number was assigned by default. The interactive map has been published using the GitHub Pages extension

kl
(https://pages.github.com/), which represents an easy and rapid way to make informatior?—léltlacelczavailable online. The base map

. i i . OpenStreetMap
coming from the open-source cooperative geographical project-©pen-Street-Map- (https://www.openstreetmap.org/) and the

Nominatim package for geocoding operations (https://nominatim.openstreetmap.org/) were used. The whole infrastructure is

based on Searchable Map Template — CSV project (https://github.com/datamade/searchable-map-template-csv).

5 Data analysis

Data contained in the database can be analysed in many different ways and for different purposes. For example, Figure 4,
representing the wrecks’ sink and the artificial reefs’ deployment on time (excluding missing information elements), shows
that until the 2000s the majority of artificial structures existing in the Adriatic Sea were represented by wrecks, most of which
accidentally sunken. Afterwards, almost all the manmade structures deployed on the seabed were purposely constructed
artificial reefs.

Type [ Attificial reef Jll Wreck

Number of observations
o n B D
||
[ |
o14] N
[ |
|
[ |
[ |
[
944 -
[
[ |
[ |
[ |
[ |
[ ]
[ |
o74] I
[ |
[ |
[ |
[ |
[ ]
og3| N
gg7]

[ |
go41 NN
||
I
[ ]

[ ]
[ |
[
[ |
[
I

2001
2003
2004
2005
2006
2007
2008
2010
2014
2015
2016

Figure 4. Artificial reefs and wrecks by year of deployment.
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the
Another interesting example of analysis that can be performed on data is the evaluation of the number of natural reefs subjected

to any form of protection. Again, after deduction of “No data”, it is possible to identify 31 Natura 2000 sites, 12 Protected
areas, 4 Natural reserves and 11 National parks (Fig. 5) with an overlapping at some sites. Figure 5 also shows how NRs are
distributed in these categories through Italian and Croatian waters. Coupling this graph with the information contained in Table
1, it results that almost the totality of the Italian natural reefs is subjected to some form of protection, while only half of the
Croatian ones are under preservation constraints. _ o
. ] dissemination o

Also, the 3D representation of the sites can be useful for-givalgatien-purposes. For example, in Figure 6 (A) all reefs and
wrecks are reported over a bathymetric map of the Adriatic Sea. A section of the Tremiti Islands (Apulia, Italy), connecting

three observations of the database is reported in the zoom (B).

Country M Croatia [l Htaly

30

20

1 . .
0 -

National Park Natura 2000 site Natural Reserve Protected Area
Protection measures

Number of observations
=

Figure 5. Protection measures insisting on Natural Reefs both in Croatia and in Italy.
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Depth (m)

0 1000 2000 3000 4000 5000 6000 7000
Distance (m)

Figure 6. A 3D visualization of the spatial distribution of natural reefs, artificial reefs and wrecks in the Adriatic Sea (A). In the red
square, the area concerning the zoom reported below. A view of Tremiti Islands and the vertical terrain section from left to right
side crossing three elements (B): Padre Giovanni and Lombardo wrecks (points no. 1 and 3) and Mediterranean Mesophotic Coral
Reef (point no. 2).

6 Data availability

The database (Ferra et al., 2020) is currently available for download from EMODnet (European Marine Observation Data

ne&t&vgrk, Novellino et al., 2015) through the SEANOE (https://www.seanoe.org/) repository and it is reachable at the following
-aeteress: https://doi.org/10.17882/74880. EMODnet was chosen for two main reasons: it ensures long-term data availability

and has increasingly become a reference point for all available European marine data (Martin Miguez et al., 2019). In fact, the
platform was financed in the framework of EU’s Integrated Maritime Policy definition (Commission of the European
Community, 2007) to unlock existing but fragmented and hidden marine data and make them freely accessible for a wide range
of users (Calewaert et al., 2016), while respecting FAIR data management principles (Findable, Accessible, Interoperable,
Reusable; Wilkinson et al., 2016). In this way, an invaluable heritage of marine data was collected and all data uploaded in
EMODnet are indexed in Web Of Science. The database was released under Creative Commons Attribution license (CC-BY,

v. 4.0, https://creativecommons.org/licenses/by/4.0/deed.it)
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7 Conclusions

The data collection work and publication represent an unprecedented, consistent and robust recognition of the reefs and wrecks
in the Adriatic Sea. The database fully accomplished the purposes for which it was developed as it represents a comprehensive
collection providing a well-detailed state of the art and some hints on possible/future exploitation of reefs and wrecks in this
geographical zone.

Indeed, the collected information can be useful for different purposes, from spatial management, to the strengthening of some
economic activities and/or development of new ones taking into account the local environmental features.

Knowing the environmental status and current exploitation level of reefs located in a specific geographical area is in fact
fundamental to identify potential additional ecosystem services that those reefs can provide and, consequently, develop
sustainable economic activities with subsequent positive impacts on the local communities (Costanza et al., 2014). In addition,
from the research point of view, a comprehensive database like the one presented here could be a starting point for the
implementation of ecological studies where the information is still scarce or lacking as well as of monitoring programmes
aimed at evaluating the impact of some economic activities (e.g., tourism) on sensitive habitats.

Lastly, the interactive map represents a tool that allows, through the simultaneous usage of different filters, to highlight and
quantify particularly interesting situations in a user-friendly and quick manner, so to be also easily handled by the wide public.
It could be, for example, used by tourists to identify suitable and less known sites for recreational activities such as snorkelling,
diving and sailing.

-the-overall, the provided collection can be helpful to increase visibility and attractiveness of reefs and wrecks existing in the
Adriatic Sea while increasing awareness of both policy makers and citizens towards the need of managing and exploiting these
sites in a sustainable way in order to assure their preservation over time.

The general perception derived from an overall evaluation of the collected data is that, in the Adriatic context, reefs and wrecks
still represent an underestimated environmental heritage that, if adequately preserved and promoted, could provide in the near

future new opportunities for developing activities in line with the Blue Economy.
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el
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12.

13.

14.

15.
16.

17.
18.

Open Access
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N E L TeTe Lo RSN T T SRR
Occupational qualification and WOFKPIACE: ..........ccoiiiiiiiiiie e e
AN E L Tc ) 1 TC N =T SRS
(I Tor: Vo] ) 1 TC =T SRS
Geographical coordinates Latitude (WGS84 DD.DD. €.9. 43.023N): .....ooiiiiiiiiinieie e
Geographical coordinates Longitude (WGS84 DD.DD. €.9. 13.123N): ...ccveiiiiiiiieiiciieeirese e e e e
Reef bottom depth (m) (If it is in a range, please specify the max and mMin): .........ccccocv i
L CT=] =T (0TI () OO ST OUTTOTSTURUR VPSR
Minimum distance from the COASE (KM): ..ot ettt e bbb e

[1 High profile reef (the reef protrudes more than 20 meters from the base substratum)
[ Low profile reef (the reef protrudes less than 20 meters from the base substratum)
[1 Ledges (vertical reef face characterized by visible crevices)

[ Boulder reef (structure elevating from the flat seabed)

[ Patch reef (sand bottom with small reef structures protruding from the sediment)
[1 1 don't know

Origin of the reef:

[ Biogenic

[1 Geogenic

Type of surrounding seabed:

[1 Rocks

[1 Sand

(1 Mud

[ Detritic

[ Gravel

[] Other

Occurrence of meadows?

[] Yes, phanerogams

[] Yes, algae

[1no

. Total area occupied by the Natural REET (M2): ......ccciviiieiiicisis et sttt bbb s
. Typology of the reef:

Which are the most important DIOCEN0SES? .......c.eciiiiiie et ettt e ene et sbe e

Any alien species?
[1Yes

[1 No

[1 Maybe

I Y ES", WHICH QlIEN SPECIES? ...ttt e bt b bbb ettt be b e e se et e e ereene e
Any protected species? (e.g. IUCN Red List of Threatened Species, ASPIM Protocol, Berna Convention, etc.)

[1Yes

[1 No

[ Maybe

[ If "Yes", which species?
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335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351

352
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357
358
359
360
361
362
363
364
365
366
367
368
369
370
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20.

21.
22.

23.
24,

25.

26.

217.

28.
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Is the natural reef within a protected area?
[ Yes, MPA

[1 Yes, Natura 2000 site
[1 Yes, National park

[1 Yes, Natural park

[1 Yes, Marine reserve

[ No

Is the reef managed?

[ Yes

[1 No

[1 T don’t know

If yes, which is the Managing Subject? (Please give a short summary of the management measures adopted)
Does exist a monitoring program?

1 Yes
1 No

If "Yes" please give a short summary of the Program ... e
Surveillance service?

[1Yes

[1 No

Current use of the Reef:

[ Diving

[ Mariculture

[ Research

[1 Professional fishery

[ Recreation fishery

[] Fishing tourism

[ Nothing

[ Other (PIEASE, SPECITY) ..vitiriitiiietiieie ettt bbb bbbttt e b s b ne e
Development perspectives of the Natural Reef:

[1 Diving

[ Mariculture

[ Research

[1 Professional fishery

[ Recreation fishery

[] Fishing tourism

[ Nothing

1 Other (PIEASE, SPECITY) ...ttt ettt bttt be e £ be e et s e e b et e eb e et e e seabesbesaenee e e
Please list the available data (If "Other" please specify):

Geophysical map

Water column

Sediments

Benthic community

Fish community

Other (PIEASE, SPECITY) ..iiviiiiiiiiieie et sttt eene Saesbe st e e et eneerenresre e see e eneerenrees
Available literature (Scientific or Grey):

(Please add as many papers/works you know about the reef using the scheme:
1 Title/ 2 Authors / 3 Year of publication / 4 Journal or project / 5 Pages / 6 Abstract / 7 Keywords)
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391
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ol
= o

12.

NaAME AN SUINAME: ....iiiviiiiecie ettt et ssree e
Occupational qualification and WOrkplace: .........ccocevcvveversievnninsernene
NaAME OF the TEET: ..o
Location Of the reef: ... e
Geographical coordinates Latitude (WGS84 DD.DD. e.g. 43.023N): ..

Earth System
Science

Data

Open Access

Geographical coordinates Longitude (WGS84 DD.DD. €.9. 13.123N): ..coiioiiireieie e

Year of deployment of the AR: .....ccovoii i
Year of modification of the AR: .......cocoiiiiiii e
Bottom depth (m) (If it is in a range, please specify the max and min):
. Minimum distance from the coast (KM): ......cccooeveiiinie i
. Type of surrounding seabed:

[ Rocks
[ Sand

[ Mud

[ Detritic
[ Gravel

[1 Other (please, SPECITY) ......ooiieieeie e

Occurrence of meadows?
[ Yes, phanerogams

[1 Yes, algae

1 No

ARTIFICIAL REEF STRUCTURE

1.

Reef typology:
[ Specifically designed modules (basic module)
[1 Decommissioned structures

[1 Other (please, SPECITY) ...

Specifically designed modules (basic module)

1.

e

Material:

[ Concrete

[ Sea-friendly concrete (e.g., Tecnoreef)
[ Coal Ash

[ Rocks

[1 Fiberglass

[ Other (please SPECITY) ..vviviiiirieieie et

Shape of the single module:
[7 Cube

[1 Pole

[ Plinth

[1 Other (please, SPECITY) ....ccvoeiiiee e
Dimension of the single module (M): ......cccovvvve i
Total volume of deployed material (M3): ......ccccceveeveeeeirireeeeeeeee e

Arrangement of the modules:
[ Geometrically assembled to form structures
[ Scattered
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429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
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[ Other (please, specify)

Atrtificial Reef geometrically assembled to form structures

1.
2.
3.

Earth System
Science

Data:

Open Access

TyPOoIOgY (.9, PYFAMIA): ..ttt ettt bbb bbbt e bbbt bt et e be b e eb e e e e
NUMDET OF AEPIOYEA STIUCLUIES: ...ttt bbb ettt eb bbb bbb e e

Height Of the SITUCTUIES (M)} ..ttt b bt bbb bbb ne e e
4. Distance amONG SEIUCTUIES (M)} ....eiiiuirierteiteeeieteee st et e ste sttt ee st sb et e e et e bt e b e s beabe b e beseen e sbe st e ab e beseeneeneabeebenes
Scattered Artificial Reef

1.
2.

NUMDBEr OF dEPIOYEU STIUCTUIES: ..ottt eb bbbt b et b et
Distance DEtWEEN SIIUCLUIES (IM): ...oviuiitiiiteerieiri ettt ettt b e et e bbbt bbbt e
If the Artificial Reef is composed by areas or oases, please indicate:

1.
2.
3.

NUMDEE OF TNE DBSES: ... ittt bbbt bbbttt bbbttt e et
DISTANCE AMONY DBSES: ....vvrrererrereereeereeres s s seere sttt r s er e s e e s R s bt s e s s R eE et ne et R s s b et r b e e ren e
DIimension Of aCH 08SIS (IM2): ....iuiuiuiiiiieiieet ettt b et b et bbb et s b s s b s e e s s e re et
4. Total area occupied by the Artificial Reef (including the area covered by the bodies, the distance between the bodies
and the area 0f FESPECL) (IM2): ..viiiiiieiiie ettt b bbbttt bbb s b banas
Decommissioned structures
Please specify the nature of the structure:

[ Offshore extraction platform
[ Purposely sunk vessel/ship

[ Other (please, specify)

Offshore extraction platform:

1. Type of the platform (€.g., one-leg Platform): ... e e
2. Part of the platform used to realize the AR (e.9., JaCket, deCK): .......coovvrviieriiiierirere e
3. Total area occupied by the Artificial REEF (M2): ...t en e eeaeeeaas
Purposely sunk vessel/ship:

1. NUMDET OF SUNK VESSEIS: ...vieiiiteieite et bbbttt bbbttt bbb
2. Vessel material:

[l Wood

1 lron

[1 Fiberglass

[ Other (PIEASE, SPECITY) ...vitiiiitiiite ettt b bbbt e bttt b bbbt eb e ene s
3. Dimension of the sunk vessel/ship - LFT (m) and Weight (t0N): ......cccooveiiiiiie i e

Other Artificial Reefs:

L. NUMDEE OF DOGIES: ...tttk bt sttt b et b et b b bbbttt sttt b e
2. Material of bodies:

[l Wood

1 lron

[1 Fiberglass

[] Concrete

IO 4T (o] oI T oo | Y TS
3. Dimension of each body - length (m) and Weight (t0N): ........cccviiiiiiiie i s

ARTIFICIAL REEF UTILIZATION

1.

Scope:

[] Habitat protection

[] Habitat restoration
[ Finfish enhancement
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[ Diving

[ Mariculture

[ Research

[ Professional fishery

[1 Recreational fishery

[ Fishing tourism

[] Other (PIEASE, SPECITY) ...o.eeiiie ettt et et b bbbttt b et bt eb e bt b e b sbe e e e e
2. Type of Artificial Reef:

[ Experimental

[1 Professional
3. s the Reef exploited at present?

[ Yes

[1 No

[ Maybe

TEY @S, DY WHOM? ...ttt et
4. Does exist a management program?

[ Yes

[1 No

[1 Maybe

If “Yes”, please specify the Managing Subject and give a short summary of the adopted management measures

5. Concession area?
[ Yes
[1'No
6. Surveillance service?
[ Yes
(1 No
7. Does exist a monitoring program?
[ Yes
1 No
[1 Maybe
If “Yes”, please give a short summary (Duration / Monitored aspects / Involved Institute or Agency /address, e-mail
T 0| £ T OO TTPOPRERRRRPR
8. Possible exploitation of the Artificial Reef:
[1 Diving
[ Mariculture
[ Research
[] Professional fishery
[ Recreational fishery
[] Fishing tourism
[ Nothing
IO 4T (o] o T T ool | ) TS
9. Please list the available data:
[ Geophysical map
[ Water column
[1 Sediments
[7 Benthic community
[7 Fish community
IO T (0] o T oo | ) TS
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10. Available literature (Scientific or Grey):
(Please add as many papers/works you know about the reef using the scheme: 1 Title/ 2 Authors/ 3 Year of
publication / 4 Journal or project / 5 Pages / 6 Abstract / 7 Keywords)
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11.

12.

13.
14,
15.
16.
17.

18.

19.

20.
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Open Access

INAIME AN SUMNAIME: ...itiiiteciete et ettt sbe et e et e s besbeesbeebeeeraebesaeesbesbeeabanbesasenessebeensesbeenbesbeeaesbenseens
Occupational qualification and WOIKPIACE: ..........ccviiiiiiiii e e
NAME OF The WIBCK: ...ttt b e e e e s beerb e st e st b esbesbeesbesbeenbesbeenbennas
LOCALION OF the WIECK: ... .ottt et bt bbbt b ekt b e bbb et b e b bt bt s b
Geographical coordinates Latitude (WGS84 DD.DD. €.9. 43.023N): .....oociiiiiiiinieriie e
Geographical coordinates Longitude (WGS84 DD.DD. €.9. 13.123N): ..uoiiiiiiieiieee e
Year of accidental SinKing 0F the WIECK: .........ooiiii i et
Bottom depth (m) (If it is in a range, please specify the max and mMin): .........cccocvviniiiicin s
Minimum distance from the COASt (KIM): .....iviieiie et resa e e ne e

. Type of surrounding seabed:

[ Rocks
[] Sand

[ Mud

[ Detritic
[ Gravel

[] Other (PIEASE, SPECITY) ...ttt b bbb bbbt b e bt bt et beebesbe st e

Occurrence of meadows?
[ Yes, phanerogams

[1 Yes, algae

[ No

Vessel material:

[1 Wood

1 Iron

[1 Fiberglass

IO 4T g (o] oI T o1 | ) S
Total area occupPied DY the WIECK (IM2): w..ovveeeeeeeeceeeeee ettt ettt en s s st tes st aes s ssan s s anans
Total VOIUME OF the WIECK (IM3): ..ottt ettt ettt en s aes st e seseseeeaees

Dimension of the sunk vessel/ship - LFT (m) and Weight (0N): ..o

Is the Wreck exploited at present?
[ Yes

1 No

[1 Maybe

TEY @87, DY WHOMT? ..ot ettt r e

Does exist a management program?
[1Yes

[1 No

[1 Maybe

If “Yes”, please specify the Managing Subject and give a short summary of the adopted management measures

Concession area?
[ Yes
1 No

Surveillance service?
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If “Yes”, please give a short summary (Duration / Monitored aspects / Involved Institute or Agency /address, e-mail
T 0| £T ) OO TP TRRPPP

22. Possible exploitation of the Wreck:
1 Diving
[ Mariculture
[1 Research
[1 Professional fishery
[ Recreational fishery
[1 Fishing tourism
[ Nothing

1 Other (PIEASE, SPECITY) ...c.eiiiieieeiiie ettt bbb bt s bbb bt eb e bt be et e b e e e e

23. Please list the available data:
[1 Geophysical map
[ Water column
[ Sediments
[ Benthic community
[ Fish community

IR @ 4T (0] o T TR o1 od | ) S

24. Available literature (Scientific or Grey):

(Please add as many papers/works you know about the reef using the scheme: 1 Title/ 2 Authors /3 Year of

publication / 4 Journal or project / 5 Pages / 6 Abstract / 7 Keywords)
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