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1. Introduction
Throughout the history of our planet, coastal areas have been important to humans as a
source of water, food and a hospitable environment for habitation. Coasts are also gateways
for trade (via shipping) and major cities have developed along the coast. Today, the relatively
narrow coastal belt is home to approximately two-thirds of the world’s population and about
6.3 billion people are expected to be living in coastal areas by the year 2025. The continuous
human activities, either traditional (transport, fishing, tourism) or more recent (oil
exploitation, wind farms, fish farms) along the coastal zone, pose a threat to the fragile
balance of marine coastal ecosystems and the underwater heritage including: historic
archaeological sites, cultural landscapes, shipwrecks and relics.

2. The European Union (EU) and International Coastal and Marine Policy
The EU Coastal and Marine Policy provides the legal framework for the sustainable
management of the coastal seas. Furthermore, several international organizations have taken
action on the protection of the marine environment.
The EU adopted in 1992 the Habitats Directive (92/43/EEC), which defines specific areas of
the natural environment that need to be preserved and protected and it also promotes the
improvement of their status, including the conservation of natural habitats and of wild fauna
and flora. The aim of this Directive is to contribute towards ensuring bio-diversity through the
conservation of natural habitats and of wild fauna and flora. A brief explanation of terms is
given in the appendix.
The EU adopted in 2000the Water Framework Directive (2000/60/EC) which commits the
EU member states to achieving good qualitative and quantitative status of all water
bodies (including marine waters up to one nautical mile from shore) by 2015. The purpose of
this Directive is to establish a framework for the protection of inland surface waters,
transitional waters, coastal waters and groundwater.

3

Municipality of Kefallinia, 2013

Mapping geo-habitat and maritime cultural heritage areas using geophysical methods

APREH

The EU Integrated Maritime Policy (IMP) Blue Paper Action Plan in 2007 states that:
"[the Integrated Maritime Policy] should also promote Europe’s maritime heritage, supporting
maritime communities, including port-cities and traditional fisheries communities, their
artefacts and traditional skills, and promoting links between them that enhance their knowledge
and visibility."
The EU Marine Strategy Framework Directive (MFSD) in 2008 (2008/56/EC),
compliments the above mentioned policy by establishing a framework within which Member
States shall take the necessary measures to achieve or maintain good environmental status in
the marine environment. For that purpose, marine strategies shall be developed and
implemented in order to:
a) protect and preserve the marine environment, prevent its deterioration or, where
practicable, restore marine ecosystems in areas where they have been adversely affected;
(b) prevent and reduce inputs in the marine environment, with a view to phasing out
pollution, so as to ensure that there are no significant impacts on, or risks to, marine
biodiversity, marine ecosystems, human health or legitimate uses of the sea.
The United Nations Educational, Scientific and Cultural Organization (UNESCO) has signed a
Convention in 1972 concerning the Protection of the World Cultural and Natural
Heritage which suggests that each member of the UN has the duty of ensuring the
identification, protection, conservation, presentation and transmission to future generations
of the cultural and natural heritage situated on its territory. It will do all it can to this purpose
based on its own resources and, where appropriate, with any international assistance and cooperation, in particular, financial, artistic, scientific and technical, which it may be able to
obtain.

3. Seafloor mapping/surveying
In this perspective, it is essential that the marine special areas of conservation (SAC) and the
maritime cultural heritage (MCH) sites to be investigated, mapped and monitored using highresolution geophysical methods.
A high-resolution geophysical survey: (i) creates an understanding of the environmental
conditions that prevail in the area of interest, such as bathymetry, seafloor morphology and
seabed evolution through time (stratigraphy) and (ii) provides information on their present
environmental status.
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Mapping SAC or MCH sites requires positioning accuracy of less than 1 m. Additionally, it
requires object identification at sub-meter scale and habitat identification on 1-2m scale or
less.
The following equipment is usually used in a geophysical survey: a single and/or multi-beam
echo sounder, a side scan sonar and a sub bottom profiler. The geophysical survey must be
followed by visual inspection of the seabed with the use of a Remote Operated Vehicle (R.O.V)
or a towed camera on the seafloor and sediment sampling devices such as grabs and cores for
ground-truthing. A brief description of the above mentioned equipment is given below.
3.1 Positioning and navigation system
The vessel’s navigation is a prerequisite for the accomplishment of a marine geophysical
survey. Today, the use of the Global Positioning System (GPS) provides the necessary accuracy
in vessel positioning. The GPS is a constellation of satellites that orbit the earth twice a day,
transmitting precise time and position (latitude, longitude and altitude) information. Using a
GPS Receiver, the vessel can determine its
location anywhere on the Earth. The complete
system consists of 24 satellites orbiting about
12,000 miles above the Earth, and five ground
stations to monitor and manage the satellite
constellation. These satellites provide a 24hour-daily coverage for both two-and threedimensional positioning with a nominative
accuracy of between 2-3m.
Figure 1. Configuration of a Differential GPS system
with a ground based reference station, a satellite and
the GPS receiver on the vessel

A Differential GPS (DGPS) system is used for an accuracy of about 1m, which uses a network of
fixed, ground-based reference stations to transmit the difference between the positions
indicated by the satellite system and the known fixed positions (Fig.1). Specialized navigation
softwares are used for the navigation and the positioning of the vessel and also for the
planning of the survey (track lines and survey areas) (Fig.2).
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Figure 2. (a) A HEMISPHERE V100 GPS receiver and (b) navigation software

3.2 Bathymetry
3.2.1 Single beam echo sounder
Water depth is measured using a high-precision echo-sounder. The echo-sounder (transducer)
emits high-frequency (28 to 210 KHz) narrow beam pulses, which after being reflected on the
seabed return to the transducer where it is recorded (Fig.3,4). The time interval (T) between
the emitted and return pulse can be converted to water depth if the velocity of the sound in
the water is known. Echo sounders operate at a
variety of frequencies (28, 33, 50, 100, 200, 210 Echo

Penrose et al, 2005
http://www.ozcoasts.gov.au/glossary

sounders are configured to operate either on single
or dual frequency units. kHz) depending on the
depth and the required resolution. The accuracy of
the echo sounders depends on the frequency of the
emitted pulse and the beam width. It ranges from 3
to 1% of the measured water depth.
Figure 3. Schematic presentation of single beam
echo sounder basic principles of
operation

Figure 4. Single Beam system
control/display unit and transducer
mounting kit
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3.2.2 Multi-beam echo-sounder
A multi-beam system is a multi-channel echo-sounder, which instead of transmitting a single
beam, transmits a large number of beams along a fan-shaped pattern to either side of the
survey vessel (Fig.5). The reflected echoes of each beam from the seafloor are in turn digitally
recorded with respect to their true spatial orientation as determined by a gyroscope system.
The multi-beam system maps more than 100 sounding points at 1o interval. The zone covered
by sounding points across the ship track is called swath zone (Fig.5).

Swath width
Figure 5. Multi- beam system: basic principles

Multi-beam systems are either hull mounted or mounted over the side by mobile brackets
(Fig.6, Table 1).

ELAC Nautik
b)
Figure 6. a) Over the side
mounted and b) hull-mounted
multi-beam transducer arrays

a)

A detailed bathymetric survey is a prerequisite for many coastal and offshore activities such as
oil platform and offshore wind farm installation, planning pipeline and cable routes, choosing
harbour and jetty sites, planning dredging and navigation channel operations, mapping
benthic habitats.
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3.3 Seafloor morphology
3.3.1 Side Scan Sonar
Seafloor images are obtained using a side scan sonar system. The side scan sonar consists of a
“towed vehicle” and a processor/recorder unit on deck (Fig.7).

Figure 7. Side scan sonar system consisting of a top side processor unit, tow fish and the connection cable

The side scan sonar "towed vehicle" transmits
high-frequency pulses in a vertically wide fan
shape acoustic beam which scans the seabed.
The reflected pulses

from

the seafloor

(backscatter) are recorded and processed in
the receiver to produce a plan view, seafloor
image (Fig.8). The acoustic beam scans a zone
between 50 and 500m to each side of the
towed fish. The recorded echoes produce a
Figure 8. Schematic presentation of side scan
sonar basic principles of operation

plan view of the morphology and sediment texture of the seafloor as a function of the acoustic
reflectivity. Materials, such as metals, boulders and gravel or outcrops, create strong
reflections of the acoustic pulses (high backscatter), while finer sediments like clay and silt
create weak reflections (low backscatter) (Fig.9). Seafloor areas, where the paths of the sonar
beam is interrupted by an acoustically opaque object, are called shadow zones (Fig.10). For
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high-resolution surveying, transducer frequencies typically range between 100kHz and 700kHz
and modern systems are capable of resolving objects of 10cm or less.
The side scan sonar is used for imaging the seafloor at a variety of coastal and offshore
activities such as: oil platform and offshore wind farm installation, planning pipeline, cable
routes, harbour and jetty construction, planning dredging and navigation channel operations,
mapping geo-hazards, benthic habitats and marine cultural heritage.

Figure 9. The different colouring in the side scan sonar record
(sonograph) is produced by textural contrast or relief on the
seafloor. The light copper corresponds to weak reflections
indicative of the presence of muddy sediments on the seafloor. The
parallel ribbons of alternating bright yellow and black (shadow
zone) correspond to reflections from sand ripples on the seafloor

Figure 10. Schematic presentation of side scan sonar
basic operation principles

3.4 Seismic profiling
3.4.1 Sub-bottom profiler
Sub-bottom profilers emit medium to high frequency acoustic pulses at a high rate repetition
which travels downwards thought the water column and penetrates the layers beneath the
9
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seafloor. The sound wave energy each time that encounters a surface separating two layers
with different acoustic impedance is partly reflected and travels back to the receiving unit
where it is recorded and processed (Fig. 11). The rest of the sound energy continues travelling
downwards until it reaches a new interface where it is reflected an travels back to the
receiving unit and so on (Fig. 11) thus, forming a continuous acoustic image of the seabed
along the survey line (Fig. 12a). The boundary between the two different layers, where the
acoustic impedance changes, is called seismic reflector.

Figure 11. Schematic presentation of seismic profiling basic principles of operation

The greater the acoustic impedance, the stronger the reflection of the sound energy. A well
planned grid of survey lines enables the 3D configuration of the strata and the various tectonic
features such as faults, diapirs e.t.c. (Fig. 12b).
The seismic vertical profiling systems are characterized by two parameters that distinguish the
different types of systems:
1) the required depth of penetration,
2) the desired degree of resolution
The lower the operation frequency, the higher (deeper) the sound wave penetration in the
seabed. However the relation between frequency and resolution is reversed (low operation
frequency, poor resolution). The types of various seismic reflection system are presented
below, based on a decreasing degree of resolution and increasing depth of penetration or,
from high to low operation frequencies (Table 1).
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Figure 12. (a)Sub-bottom profiler records and (b)
integrated interpretation of subbotom profiler
records

The sub-bottom profiler is used for a variety of coastal and offshore activities such as: oil
platform and offshore wind farm installation, planning pipeline, cable routes, harbour and
jetty construction, planning dredging and navigation channel operations, mapping geohazards, benthic habitats and marine cultural heritage.

Table 1
Profiling
System

3.5 kHz
(Pinger),
O.R.E.Geopulse.

System
configuratio
n

Source of
sound waves

Receiver unit

Over the
side-mount
assembly
with 4
transducers

Output power
up to 10 kW

Deck unit:
Geopulse
Transceiver/Recei
ver and Digital
recording system
Triton Elics

Power Output:
10 - 4000W

Transceiver deck
unit, sub-sea
electronics and
hydrophone array

Towed
Transducer
Vehicle with
9 transducers
Chirp
GeoChirp II

Over the
side-mount
assembly
with 4
transducers

Sparker S.I.G.
S.I.G: Energy
2000 AB
cable with
electrode
clusters

High voltage
power source
with energy
output at
50-1500 joules

Hydrophones:
a) 1 channel, 4 cells.
b) 1 channel, 8 cells
c) 2 channels, 4, 8,
12 cells

11

Municipality of Kefallinia, 2013

Operation
frequencies

Sound wave
penetration
seabed

Vertical
Resolut
ion

Transmit
frequency:
2- 12 kHz.
Beam width:
55° at 3.5kHz.
40° at 5.0kHz.
30° at 7.0kHz

25-30 m

0.4 m

Frequency
Range:
1.5 - 13 kHz
Beam width:
55° at 3.5kHz.
40° at 5.0kHz.
30° at 7.0kHz

50 m

0.05 m

200-300 m

6m

100-400 Hz
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3,5 kHz-Pinger: These systems are low energy profilers that emit a sound pulse with a high
frequency of 3-5 kHz. The high frequency sound pulses provide a resolution of about 0.5 m but
limit the penetration of the pulses to up to 30 m in soft sediments, to only a few meters into
sand (Fig. 13, Table 1).

b)

a)

c)

a)

Figure13. Pinger (3.5 kHz) sub-bottom profiler: a) deck unit, b) over the side mound assembly and c)
towed Transducer vehicle

Chirp: These systems emit pulses with time-varying frequencies and cover a band of 1-15 kHz.
They are characterized by excellent resolution and also good penetration of up to 50 m (Fig.
14, Table 1).

GeoAcoustics-KONGSBERG
Figure 14. Chirp system: towed assembly and transceiver deck unit
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Sparker: The high energy sparker systems are used in engineering surveys and operate at
frequencies between 100 and 400 Hz. The emitted sound waves can penetrate 200-300 m with
a resolution of about 6 m. Higher-frequency multi-electrode sparkers achieve lesser
penetration (up to 150 m) with an improved resolution of 3 m (Fig. 15, Table 1)

b)

b)

a)

c)
Figure 15. Sparker system configuration: a) Electrode clusters and array of hydrophones towed astern, b)
high voltage power source and c) deck processor unit

3.5 Ground truth
The final stage of a marine survey is the visual inspection of the seafloor. It provides the
ground truthing of the data which were collected by the geophysical techniques. The
collection of ground-truth data enables calibration, interpretation and analysis of the
geophysical data.
Ground trouthing of the seafloor image is carried out with the use of a Remote operated vehicle
(ROV) or drop camera. ROVs are vehicles that are tethered to a ship by a cable, and are
navigated by a control unit with joysticks. High-definition video and still cameras on the
vehicles record images of the sediments and benthic habitats on the seafloor. The vehicles
may carry a variety of sampling equipment and sensors for collecting information about the
seafloor (Fig. 16).
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Figure 16. Remotely operated vehicle type Benthos MK II

There are usually two methods of ROV deployment for visual inspection of the seafloor: a)
ROV seafloor inspection along the ship's route, b) ROV seafloor inspection around an
anchored ship (Fig. 17).

b)

a)

Figure 17. Schematic presentation of ROV deployment: a) along the ship's route and b) around and
armored ship

Ground trouthing of the seafloor surface sediments, exept from the ROV operation, is possible
using a grab sampler.
The sediments bellow the seafloor are inpected using gravity and piston corers.

4.Geohabitat and Maritime Heritage Mapping Case studies in the Aegean and Ionian
seas
The Laboratory of Marine Geology and Physical Oceanography (LMGPO) a member of the
OCEANUS NET for the last ten years has been involved in the Geo-Habitat and Cultural
Heritage

mapping in the Aegean and Ionian Seas within the framework of the EU Habitat

and Marine Strategy Framework Directives and Integrated Maritime Policy. The case studies
include the mapping of Posidonia Meadows and Coralligène formations in the Zakynthos and
Kefallinia islands, Ionian Sea and the Cyclades islands in the Aegean Sea (Fig. 18).
14
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Figure 18. Map of Greece showing the areas of the case studies

4.1 Ionian Sea
Zakynthos Island
The coastal zone around Zakynthos Island was surveyed in order to examine the status of the
Posidonia oceanica meadow at Alykes Bay, located at the northeastern part of the island
(Kiparissis et al, 2011). The coastal environment of Alykes Bay has been subjected to a high
degree of anthropogenic pressure due to marine leisure activities (cruising boats, recreational
fishing and scuba diving and professional fishing.
The survey was conducted in two phases. During the first phase, a systematic survey of the
seafloor was carried out using a side scan sonar system. The second phase consisted of visual
inspection and biological sampling, based on the results of the first phase, in order to produce
the most accurate information regarding seabed coverage and to validate the side scan sonar
interpretation.
The survey (side scan mosaic maps and underwater images) has shown the magnitude of the
degradation of the posidonia meadow due to illegal trawling and anchoring (Fig.19, 20).
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Acoustic types of the
sss mosaic
Dense meadow
Sparse meadow

a)

Sandy seafloor

b)

Abraded meadow

Figure 19. a) Georeferenced side scan sonar mosaic b) interpretation map of the Alykes Bay seafloor based
on the side scan sonar and ground-truthing data (Kyparissis et al., 2011)

Figure 20. ROV photograph of a Posidonia oceanica meadow
field affected by trawling. The distinct furrow crossing the P.
oceanica is created by otter doors. (Kyparissis et al., 2011)

b)

Kefallinia Island
The coastal area of Kefallonia island was surveyed as a part of the European project named
Interdisciplinary Aquaria for the promotion of Environment and History –APREH. The aim of
the survey is to map: the benthic habitats and the presence of historical wrecks around the
Kefallinia island.
The survey was conducted in two phases. During the first phase, a systematic survey of the
seafloor was carried out using a side scan sonar and a sub-bottom profiler system. The second
phase consisted of visual inspection, based on the results of the first phase, in order to
produce the most accurate information regarding seabed coverage and to validate the side
scan sonar interpretation. Also, a series of underwater photographs were collected over the
16
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areas of biologic importance (P. oceanica meadows and patches) (Fig.21) and of historic
interest (wrecks) (Fig. 22).
The survey has shown the presence of extensive fields of Posidonia meadows and coralligène
formations around the island as well as the presence of three historic wrecks.

Figure 21. Side scan sonar mosaic and Drop-Camera image of Posidonia Oceanica Meadows

c)

a)

b)

Figure 22. Side scan image (a) and photomosaic (b) of H.M.S PERSEUS submarine, c) underwater photo
the aft man-hole

4.2 Aegean Sea
Cyclades Archipelagos
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The Cyclades Archipelagos is a shallow (maximum water depth 250 m) marginal platform
located in the central Aegean Sea (Fig. 18, 23). The Archipelagos is characterized by numerous
“scattered” islands (Cyclades Islands). The aim of the survey is to examine the areal extent and
the status of the coralligène formations.

Figure 23. Map of the Cyclades Archipelagos showing the surveyed area

The marine geophysical survey was carried out in the straits of Syros-Tinos, Tinos-Mykonos,
Mykonos-Naxos, Naxos-Ios and Ios-Thera using three acoustic systems: a single-beam echosounder, a side scan sonar and a high-resolution sub-bottom profiling system. Two groundtruthing techniques were used to confirm the acoustic interpretation of the seafloor: sediment
sampling techniques (Grab sampler and Piston Corer) and visual inspection of the seafloor
with ROV system.
The results of this survey shed light on the morphology and distribution of coralligène
formations and their preferential environmental settings in the Aegean Sea (Fig. 24).
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e)

Frequency

c)

d)

Seafloor Depth

Figure 24. (A, B) Seismic profiles and (c, d) Sidescan sonographs showing clusters of coralligène
formations (Georgiadis et al., 2009; Fakiris & Papatheodorou, 2012), e) frequency of coralligène formations
in various water depths
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APPENDIX
Terms and definitions
acoustic impedance (R) of an interface between two different layers is:

R=(plowUlow - pupUup)/ (plowUlow+ pupUup)

where:

plow: density of lower layer
Ulow: sound velocity in the lower layer
plow: density of upper layer
Uup: sound velocity in the upper layer
conservation: A series of measures required to maintain or restore the natural habitats and the
populations of species of wild fauna and flora at a favourable status.
coralligène formations:

Coralline algae along with corals constitute the most important

constructors of marine habitats and thus ecosystem engineers. Coralline algae belong to the
Corallinaceae and Peyssoneliaceae families of the class Rhodophyceae and have thallus made
of hard-material, mainly calcium carbonate. Depending on the species, the thallus forms
either a shrub or a crust. Forms where the dominant species are of the crust type are known as
coralligène formations and are common in the Mediterranean Sea. Coralline algae are thought
to be the most abundant organisms that develop on hard substrate in the euphotic zone. They
are distributed worldwide and are present in a wide range of depths. Formations of coralline
algae are the most important biogenic forms in the Mediterranean Sea. Coralline algae
communities are considered to be of great significance for fisheries. However, due to their
vulnerable structure, the formations are destroyed by the operation of certain fishing gears. As
a result, the recent European Union 1967/2006 Regulation concerning the management of the
Mediterranean fisheries (European Commission, 2006) included coralligène formations in the
list of protected habitats. In Greece, coralligène aggregations are considered to be important
fishing grounds, known as “tragana” (Georgiadis et al, 2009 and references within).
Ground truth: refers to information collected on location and allows image data to be related
to real features and materials on the ground.
maritime cultural heritage: Terrestrial and water-based elements including fisheries, wildlife
habitats, flora and fauna, seascapes, wrecks, coastal monuments and other features of
archaeological interest or importance.
natural habitats: Terrestrial or aquatic areas distinguished by geographic, abiotic and biotic
features, whether entirely natural or semi-natural. Natural habitat types of interest are those
which:
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(i) are in danger of disappearance in their natural range; or
(ii) have a small natural range following their regression or by reason of their intrinsically
restricted area; or
(iii) present outstanding examples of typical characteristics of one or more of the six following
bio-geographical

regions:

Alpine,

Atlantic,

Boreal,

Continental,

Macaronesian

and

Mediterranean.
Posidonia oceanica: The dominant seagrass species in the Mediterranean littoral zone, forming
extensive meadows down to 35–40 m depth. These meadows have prominent ecological value
for the marine littoral ecosystems. They buffer sediment resuspension and increase sediment
retention, stabilize the seabed and prevent sandy beach erosion, exhibit high primary
production contribute to water oxygenation through photosynthetic activity and constitute
the basis of the food web. They also constitute settlement, nursery and adult habitat areas for
a number of Mediterranean fish species. P. oceanica meadows have been identified as priority
habitats for conservation under the European Union Habitats Directive (Annex I, Dir
92/43/CEE), and protection measures have been suggested because there are documented
regression trends of this species’ meadows throughout the Mediterranean Sea (Kiparissis et al,
2011 and references within).
special area of conservation (SAC): Site of importance which is designated by the EU and
where the necessary conservation measures are applied for the maintenance or restoration, at
a favourable conservation status, of the natural habitats and/or the populations of the species
for which the site is designated.
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