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ABSTRACT

ARTICLE INFO

The increased consumption of fossil fuels which are the basis of modern technological development
and its inability of sustainability on known sources and resources causes an increase effort to
investigate new feeds. Although the researches are conducting on the land area (lithosphere), in
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the last years, they are, globally speaking, particularly focused on the seabed, where the Adriatic

Sea is no exception, what we can witness today. Seismic tests, using ‘air guns’, are just one of the
anthropologically caused marine pollutant. The aim of this paper is to examine and analyse the causes
of marine pollution by noise in order to achieve better understanding, awareness of the general public
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about its impact through recognition of the effects, and finally, to synthesize protection options to Sea

prevent further pollution of the Adriati Sea, strategically significant for the Republic of Croatia.

Pollution prevention

1. Introduction

The problem, anthropologically caused by excessive
environmental pollution, is primarily related to the tech-
nological development and its dependence on fossil fuels
as a limited resource to existing sources. Therefore, great
efforts are made and large financial means invested to find
new sources of fossil fuels, thus using the most advanced
technological means in finding them. Such surveys are
conducted globally, both on the mainland and the sea-bed
and subsoil. The Adriatic Sea, although particular in many
of its features and strategically important for Croatia,
is not an exception, in witness of which is the increasing
number of surveys carried out in it [7]. However, seismic
surveys for fossil fuels (oil and gas) are not the only an-
thropological sources of marine pollution caused by noise.
It can also be a noise from maritime transport or nautical
tourism, different military equipments such as the sonar
to detect submarines, etc.

The effects of marine noise pollution are not easily vis-
ible to the public and often unavailable.

After numerous cases of the stranding of whales (accom-
panied by media) and researches made to find the origin of
these causes, which pointed out to the problems of marine
pollution by noise, an increased public awareness of the
harmful effects of such human activities on other marine or-
ganisms was raised as well as the need for their protection.

This paper aims at carrying out researches and at an-
alysing the physics of the formation and propagation of

sound in seawater, the main sources of sounds in the sea,
anthropological harmful effects caused by noise on marine
organisms, and at synthesizing the possibilities of protec-
tion in terms of surveillance of activities and placing re-
strictions on excessive pollution in order to protect both
the Adriatic sea and other marine areas.

2. The formation and propagation of sound in
seawater

The sound is produced as a result of spreading pres-
sure waves from a particular source that flickers within
different types of substances (for example. air or water).
When attempting to graphically display the sound wave, it
would have looked like an ocean wave, but the difference
is in the fact that, unlike the ocean wave, where the high-
est and lowest point is the level of the sea, within a sound
wave they represent the highest and lowest pressure.
Passing through the ‘material’ those ‘points’ oppress and
extend molecules, creating vibrations.

Sound waves in water are longitudinal waves, because
of their parallel spreading from the sources, having a char-
acteristic of change in the level of pressure when moving
through a medium, and they consist of two main compo-
nents: a pressure component and a component of the mo-
tion of the particles. ‘The pressure’ means the force per
unit area, and the ‘motion of the particles’ an oscillatory
displacement/acceleration of real particles of the media in
a particular location. Different types of marine organisms
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Table 1 Comparison of sound pressure levels between air and water [3]

Typical sound in air Water standard Air standard
(dB re 1pPa) (dB re 20pPa SPL)

Threshold of human hearing (1,000 Hz) (26) 0

Very quiet living room (66) 40

Seal threshold underwater (1,000 Hz) 80 (54)
Normal speech (1 meter) (86) 60
Beluga threshold (1,000 Hz) 100 (74)
Lion’s roar (10 meters) (116) 90

Jet airliner (10 meters) (130) 104

Fin whale call (100 meters) 140 (114)
Human threshold of pain (at ear drum) (166) 140
Some military artillery (186) 160
Beluga echolocation call (1 meter) 220 (194)

Note: Bracketed levels are nominal levels after conversion to alternate medium.

may experience either of these two components (or both)
and process them as a stimulus. [10, 11]

Sound waves are characterized by: frequency (ratio of
oscillation of particles or: changing of pressure from the
lowest to the highest and back to the lowest), wavelength
(the distance between two maxima or minima in its pre-
ssure within one cycle), amplitude (proportional to the
maximum pressure in one cycle), phase (time lag between
the two wave fronts), propagation speed (the ratio by whi-
ch the vibrations spread through the elastic medium, and
depends on the properties of the medium) and intensity
(a measure of its strength in the direction of expansion). [9]

In theoretical considerations, the sound is described
by using the terms of frequency and intensity (volume). In
this matter, the frequency is a function of the speed of the
wave and its wavelength. Therefore, it is actually the num-
ber of wavelengths that pass a given point in one second.
Each transition of the wavelength within one second is
called the ‘cycle’ and appears as a frequency of 1Hz (Hertz).
Thus, fewer cycles per second and longer wavelengths are
the characteristics of the sound of lower frequencies and
vice versa more cycles per second and shorter wavelengt-
hs are characteristics of the sound of higher frequencies.
The intensity or the volume is a measure of its strength,
and is represented by the amplitude or by the maximum
height of the wave, so the sound waves with a higher am-
plitude are those who are felt like ‘louder”.

The power of the sound is given by [5]:

dP =pudA (D

where:
p - sound wave pressure;
u - oscillating particle velocity;
dA - part of the area through which the wavefront is
transmitted.

In order to understand the definition of intensity, it is
necessary to specify the meaning of the terms: the wave
fronts which represent a surface where the particles with

the highest elongation lie and wave beam representing the
name for the directed lines in the direction of the wave
propagation and which are perpendicular to the wave
fronts.

On this basis, the intensity of the sound is defined as the
ratio between the average power and surface of the wave
front through which it spreads and is measured in W/m?
(or as the product of pressure and oscillating speed). Fur-
thermore, the level of intensity (LI) is defined as the ratio
of the measured and the referent intensity, which is meas-
ured in decibels (dB), and allows an indirect comparison
of the volume.

LI=10log,, (I/Iref) [dB] (2)

This ratio is based on the logarithmic scale, and an in-
crease in intensity is not linear, but an increase of 10 dB
means 10 times more power and an increase of 20 dB
means 100 times more power. However, the reference
level depends on the type of material/medium through
which the sound wave passes, and for example, for air it
is dB re 20uPa, while for example in the water it is dB re
1uPa making more difficult to compare the sounds. Com-
paratively to the air and water, Table 1 shows some com-
mon sounds, their frequency (Hz) and intensity (dB). Ob-
viously, the experience of ‘volume of the sound’ is not the
same for air and water due to the necessity of converting
the reference level, and the same sound in the air can have
a lower intensity level in dB than in water. Therefore, in
order to answer the question: how much is a sound in the
water ‘noisy’ (?), (in human perception), it is necessary to
convert the resulting decibels in water into the appropri-
ate decibels in the air. [3]

The sound wave is moving through different media at
different speeds, but in such a case, the speed can be seen
as a reflection of the amount of energy! the wave possess

! Kinetic energy as the consequences of the movement of particles in an
elastic medium and potential energy as the consequences of stress gen-
erated in the medium due to this movement. [16]



L. Sari¢ et al. / Scientific Journal of Maritime Research 28 (2014) 31-39 33

Temperature (°C)
inoeagang —— M

Salinity (ppt)
imneanng ———*

Pressure (atm)
inoeaang ——m

- 2 20 ol 34
£ £
T T
- -
o o
o o
= =
= =
=% =%
& &
(] (]
¢ [m/s] ¢ [m/s]

35 ] 00

44— Depth increasing

c[m/s]

Fig. 1 The effects of temperature, salinity and pressure on sound speed

Source: Adapted from [16]

in a medium through which it expands and the orientation
of its movement as the efficiency of the propagation of so-
und in a particular direction. Therefore, the density of the
media has an important role in relation to both the speed
and the intensity, because in dense media sound spreads
faster and at the same time has lower power consumption,
and its intensity decreases more slowly. That is of impor-
tance for understanding the audibility of sound because
the sound intensity when, for example, it is heard by whale
is different than when the sound is created, so the infor-
mation about its distance from the source is to be known.
Likewise, the expansion rate e.g. in the sea also depends
on its temperature, depth (pressure), salinity, season, geo-
graphical location and time of day, and, generally speaking,
it can be said that it changes within limits of 1440 to 1550
m/s (Figures 1 and 2). At the same time, to calculate the
speed of sound in the sea, ‘different authors use different
formulas’, and for practical applications in most cases a
simplified Leroy’s formula can be applied [10]:

c=1412+3,21-T +1,19-S+ 0,0167-Z [m/s] (3)

where:
¢ - the speed of sound in m/s
T - temperature in °C
S - salinity in %o
Z - depth in meters.

From Figures 1 and 2 it is obvious that by increasing
the depth the temperature and speed of sound are propor-
tionally lowered, but it is of importance to note that the
greatest change is in the surface layer (up to a depth of ap-
proximately 700 m) where the expansion rate decreases
significantly with the depth, while in the deeper layers it is
of a moderate decline. The speed of sound, when depend-
ing on the change of salinity, (in the area of 34-35 %o) is
almost a proportional increase (increase in salinity of 1
PSU results in the increase of speed by 1.3 m/s), as can be
seen in the diagram on the pressure dependence, because
when the depth and pressure increase, the speed increas-

es proportionally (increase in pressure by 1 Pa results in
the increased speed of 1.7 m/s).

As can be seen in Figure 2, there is a maximum speed
of expansion in the upper layers representing the seasonal
thermocline, and a sudden drop and the minimum expan-
sion rate that is achieved at the lowest layers of the perma-
nent thermocline, while in layers representing the deep iso-
thermal area the expansion rate increases proportionally.

To understand the impact of sound in water, it is neces-
sary to distinguish between pulsating (single and multiple)
and non pulsating sounds, and their differences in the ef-
fects on marine organisms. Single pulses are those that look
like explosions, single air gun, or a single ‘ping’ of some so-
nar, while multiple pulses are those caused by e.g. multiple
explosions, a series of air guns or some active sonar. Non
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Fig. 2 A Typical relation of sound velocity and sea depth
Source: Adapted from [10]
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Sources of sound in the sea

Natural sources

Anthropological sources

]

Wind, waves — Marine traffic

Propellers, machinery, hydrodinamic
noise, use of sonars or depth sounders...

Seismic research (2D/3D -
single/multiple air guns), ...

Associated with oil and gas exploration
or pipe laying etc.

|| Volcanoes, . .
earthquakes — Oil and gas exploration
—— Rain
— Industrial noise
Biological (ex.

marine mamals L
) — Scientific researches

E.g. acoustic thermography, research
of bentos or fish resources etc.

Polar ice

— Military sources

E.g. use of different types of sonar,
equipments for the detection of enemy

vessels etc.

—— Purposeful scaring

E.g. seals near fish farms or near
fishing zones etc.

— Seabed dredging

E.g. vessel passage dredging or
constructional works, etc.

— Offshore wind farms

E.g. propeller rotation noise or effects
on habitats by cable laying, ...

Fig. 3 Sources of sound in the sea

Source: Authors

pulsating sounds are those that are mostly caused by indus-
trial or construction works, maritime or aircraft traffic, con-
tinued drilling of the seabed, etc. In addition, transient and
continuous sounds? have to be distinguished.

To define the spread (propagation) of sound in the sea,
simplified models, such as the SPRM - Source Path Receiv-
er Model are in use and can be represented by the follow-
ing equation [16]:

RL=SL-TL (4)

where:
RL - received level
SL - the level at source

2 Transient sounds are characterized by short duration and clearly defi-
nable beginning and end, and described by maximum level or amplitude
in dB. Continuous sounds are characterized by longevity and are usually
described by the mean actual pressure.

TL - transmission loss (includes loss in expansion due
to: the distance from the source, media absorption or vari-
ous anomalies in the media).

3. The Main Sources of Noise in the Sea

Sources of noise in the sea can be divided with respect
to their causes and can be either of natural or anthropo-
logical origin (Figure 3).

Sounds of natural origin are generally associated with
the physical (e.g., seismic movements or earth tremors,
winds, waves, etc.) or biological processes in the sea (e.g.,
vocation and communication of whales, dolphins, turtles,
etc.). At the same time, the difference with respect to the
frequency range should be noted [16]:

— Wind and waves: 1=30000 Hz;
— Volcanoes and earthquakes: 2-500 Hz;
— Rainfall: 100-500 Hz;
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— Biological:
— Polarice:

1 =100 000 Hz;
0.5 to 8000 Hz.

Out of anthropological sources, primarily emphasizes
are given to maritime transport (Table 2) in which such
noise sources are identified from: the ship’s screws (e.g.
rotation or cavitations of propeller), propulsion and aux-
iliary machinery (e.g. vibration, rotation, reciprocal mo-
tion, friction), hull (passing through the media), as well as
the increasing use of sonars and echo sounders. Most of
the noise caused by ships is in the frequency range below
1 kHz, while those of recreational boats are between 1 kHz
and 50 kHz, which partially overlaps with the frequency
range of whales’ communication (social interaction, or
echolocation to hunt prey). However, in recent times, ef-
forts are made to alleviate the noise level thus produced
in the very phase of the ship’s construction, and they are
designed to achieve greater efficiency and to reduce noise
pollution, and, therefore, it can be concluded in principle
that the newly built ships are ‘quieter’ than the older ones.
Improvements are evident in optimizing:

— propellers to reduce cavitations and improve syn-
chronization,

— ship’s hull to reduce the resistance when sailing,

— ship’s propulsion and auxiliary machinery and
equipment in order to reduce vibration or friction
(elastic fixing to basement, lubrication, etc.)

Another significant anthropological source of noise
pollution in the sea is oil and gas exploration, and noise
caused by industries associated with this research. In the
initial phase of the research, the most common sources
of noise are underwater seismic tests carried out by air
guns®, and considering the applied technology they can
produce two-dimensional (2D) or three-dimensional (3D)
image. Applied technologies have different effects on ma-
rine organisms. Besides the different sound level, there
is a difference in duration because they are characterized
by a pulsating noise which is transient and lasts only un-
til the explorations are conducted. In the two-dimensio-
nal test a single air gun and hydrophone are mostly used
and the resulting image* gives little information, so it is
used only for speculative or assessing research usually
over a wide geographical area. Unlike them, the three-di-
mensional tests are using multiple air guns and multiple
parallel hydrophones and the resulting image is of much
higher resolution and provides better information about
potential stocks in the area, and allows a smaller number
of possible test drilling. In doing so, air guns produce so-
unds at a level between 215 and 230 dB re 1 p Pa-m with
frequencies between 10 and 300 Hz, and sometimes even
up to 22 kHz. Although the propagation of the resulting so-
und wave is directed toward the bottom, the spread of the

? The pneumatic devices that produce an acoustic signal with the rapid

extrusion/’shooting’ of the compressed air in the water column.

* By analysing the echoes recorded by hydrophones, it is possible to de-

termine the type and thickness of the individual layers in the seabed, and
the location of oil or gas.

sound comes in all directions, and marine organisms can
sense them over long distances (e.g. 50-70 miles at depths
of 25-50 m). [3, 16]

Table 2 Summary of sound frequencies produced by shipping traffic and
their source levels

Frequency Source level
Type of vessel (kHz) (dB re 1pPa)

650cc Jet ski 0.8-50.0 75-125
Rigid inflatable 6.3 152
7m outboard motor boat 0.63 156
Fishing boat 0.25-1.0 151
Fishing trawler 0.1 158
0.037 166
Tug pulling empty barges 1.0 164
5.0 145
. 1.0 170
Tug pulling loaded barges 50 161
34m long (twin diesel engine) 0.63 159

workboat

Tanker (135 m) 0.43 169
Tanker (179 m) 0.06 180
Supertanker (266 m) 0.008 187
Supertanker (340 m) 0.007 190
Supertanker (337 m) 0.007 185
Containership (219 m) 0.033 181
Containership (274 m) 0.008 181
Freighter (135 m) 0.041 172

Source: Adapted from [16]

When a potential deposit of oil or gas is found, test
drilling are usually carried out, followed by the installa-
tion of drilling rigs and pumping, which appear to be new
sources of noise pollution representing industrial causes.
The most obvious examples are the construction and in-
stallation of platforms for the extraction or processing
of oil and gas, pipeline and cable laying, traffic of supply
vessels and helicopters, and the noise of the installed ma-
chines for drilling, extraction and processing as well as for
the production of the necessary electricity. The noise pro-
duced by the industry generally represents the continuous
pollution of the area and lasts for years.

Scientific researches can also be a cause of noise pollu-
tion. As an example may serve: an acoustic thermography
which aims at getting the image of the temperature dis-
tribution in the sea (on the basis of measurements of the
speed of sound from the initial source, because sound mo-
ves faster at higher temperatures); researches associated
with the undersea mapping or those in connection with
the distribution and migration of fish stocks, etc. This kind
of pollution is temporary.

Military sources are the least accessible to the pu-
blic, and with the exception of well known technologies,
such as sonar and echo sounder, and the usual sources,
such as those from maritime transport, there is not much
knowledge of them and of their characteristics (especially
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of new technologies that are being used for military pur-
poses and represent secret data). Such data most certainly
include testing new weapons (e.g. explosion) and devices
for the purpose of monitoring, defense and military acti-
vities at sea and in the sea, and also those ones regarding
experiments and exercises conducted. In some cases, the
perceived ‘unusual’ behaviour of marine mammals or the-
ir stranding, ‘military sources’ are assumed as a possible
cause, [13]. Although not specifically noted as an anthro-
pological cause, supersonic airplanes (especially military)
in breaking the sound barrier can be included as an additi-
onal source of noise pollution.

Devices for the harassment of marine mammals in the
vicinity of fish farms (AHD - Acoustic Harassment Devices)
to prevent possible damage to the cages or those for the
deterrent of marine mammals in fishing zones (ADD - Aco-
ustic Deterrent Devices) to prevent damage to the fishing
nets are also using sound as a means of action, and can ca-
use permanent migration of marine mammals in a specific
area.

Construction works in coastal areas and sea such as:
explosion, excavation of trenches for laying communicati-
ons cables or pipelines, construction of buildings or filling
entire island for the purpose of building, dredging canals
for the passage of ships, building bridges or tunnels under
the sea, etc. also cause noise which effects are mainly local,
and may be transient (buildings), but also durable (traffic
bridges or tunnels) source of noise pollution.

Relocation of wind farms from land to sea areas and the
construction of larger plants in wider locations certainly
contribute to renewable energy sources, but their potenti-
al impact on marine organisms has not yet been explored.

4. Adverse effects of anthropologically caused
sounds on marine organisms

To be able to understand the possible harmful effects
caused by the anthropological noise in the sea, it is neces-
sary to know the way in which sound is used by marine
organisms.

Due to the limited penetration of light into the depths
of the sea, marine organisms are adapted to create differ-
ent ‘image’ of the living environment which is essentially
based on sound and acoustic perception. Therefore, obvi-
ous benefits of a sound can be seen which can reach fur-
ther in the water and its intensity does not degrade rap-
idly with the distance, so marine organisms are able to
locate, create or receive vocalizations over large distances
by allowing them to interact with the environment (inter-
nal communications and maintaining ‘family ties’, detect-
ing a prey or upcoming predators, etc.).

The adaptations of marine organisms to the possibili-
ties of transmitting sound interactions are different. Ma-
rine mammals such as whales and dolphins who have the
structure of an ‘inner ear’ which is very similar to the land
mammals one, are adjusted in such a way that they do
not have an ‘outer ear’, the sound vibrations are received

through the thin bone located in the jaw, which transmits
them through the fat tissue to the ‘middle ear’ (its struc-
ture is still poorly understood) and then forwarded to
the ‘inner ear. When creating and transmitting a sound,
some whales and dolphins use ‘air sacs’ and nasal open-
ings, and ‘resonant air bags’ to amplify the same before its
emissions through fatty organ at the forefront of the head.
These sounds can be in the form of short pulses, or clicks,
and are used for echolocation by comparing the time and
direction of their return in order to determine other ‘ob-
jects’ in the environment and their distances. The fish pop-
ulation has developed a dual structure of the inner ear and
a lateral line that allows them to ‘hear’ (feel) the sound.
The density of the fish body is similar to the density of wa-
ter which allows the passage of the sound directly to the
ear bones that have a higher density and therefore vibrate
differently from other tissues, and this difference in vibra-
tion stimulates the ‘fluffs’ of the inner ear allowing percep-
tion, while a lateral line represents the sense organ that
perceives moving through its kinetic component. By some
fish adaptation is achieved by means of ‘air or swim blad-
ders’ that allow them to stay in deep water compensating
the difference in pressures, and which are constricted by a
sound wave where the vibration is transmitted to the ear.
Vocalizations such as ‘clicks’, ‘grunts’ or ‘bumps’ to attract
the opposite sex or a warning against predators, are real-
ized in different ways, and one of them is just drumming
the sonic muscles over the air bladder. It should also be
noted that all these developed auditory and sound organs
are well adapted to distinguish background noise caused
by other natural sources such as wind, waves, rain or seis-
mic changes, while anthropological causes can significant-
ly interfere. [3]

Basically, anthropological causes can have an impact
on marine organisms through two types of direct harmful
mechanisms [15]:

1. physical and psychological that cause a direct impact
in some form of temporary or permanent damage,
and

2. behavioural changes and deviations from usual rou-
tines.

In the physical effects, there are two types to be ob-
served: auditory (causing temporary or permanent move
of the threshold of audibility or severe damage of hear-
ing organs, which are difficult to evaluate because of dif-
ferences in the levels of thresholds and range of audibility
for individual species) and non-auditory (which can cause
permanent tissue damage, trauma or even extinction of
the organism).

Psychological effects can be of the following type: per-
ceptual (inability of acoustic interpretations of the envi-
ronment), masking communications or other biologically
important sounds, intra sexual disorders (disorders of the
hierarchy within the same species, e.g. dominance over
the territory), inter sex disorders (disorders in readiness
for reproduction), and even chronic stress, which can be
expressed in different ways (changes in feeding, growth
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and reproduction, immunity decrease and the related in-
creased sensitivity on the cumulative effects of other pol-
lutants, hypersensitivity to noise or adaptation to the in-
creased noise and staying behind the area where its effects
are extremely harmful, etc.).

Changes in behaviour and deviations from the nor-
mal routine can be temporary or permanent, and can be
identified through the example of frightening and straying
away from usual habitat in which cases organisms are ex-
posed to new groups of predators or to reduced food sup-
ply. However, changes in behaviour depend not only on the
species but also on a variety of other conditions such as:
environmental factors in the transmission of sound, loca-
tion and source of the sound, individual sensitivity and
tolerance, activities of individuals or groups at the time of
receiving the sound (e.g., a particularly vulnerable group
consists of mothers with their cubs).

However, apart from the direct effects, there are also
indirect effects such as: reduced food availability outside
normal habitat, increased exposure to predators or other
risks (e.g. stranding or collision with other objects in the
sea such as fishing gear or vessels), inability to timely sur-
facing (e.g. marine mammals during immersion have suffi-
cient stock of air to re-emerge, but in the case of exposure
to noise at greater depths and sudden change of direction
as a result of escaping away from its source it may happen
that they run out of stock) or rapid ascent without the pos-
sibility of pressure compensation which can cause severe
damage to the organism and even mortality.

5. Possibilities to protect the sea from pollution
by noise

The study of problems regarding marine environmen-
tal protection from noise must begin with the identifica-
tion of the types of marine organisms (particularly marine
mammals) in a given area and their lifestyles in order to
be able to identify and prevent potential sources of an-
thropologically caused excessive noise that can cause
harm. There is also other things to be taken into account:
are these sources of a temporary (e.g. seismic surveys) or
permanent characteristics (e.g. maritime transport or ex-
traction of oil and gas), as well as the fact that the issue
of ‘marine noise pollution’ has been recognized and its ex-
ploration has started in more recent time, and the possible
long-term effects have yet to be explored. Therefore, at the
current level of recognition of negative effects, preventive
care is imposed as a possible solution that was implement-
ed in the legislation of some countries. However, it is not
to be expected that the adoption of regulations will com-
pletely remove the anthropologically caused noise in the
sea, but it can be significantly reduced.

Systematic researches of marine organisms and edu-
cation in the broadest sense may represent the first step
towards the prevention of pollution, and the results can be
used: as in the construction of ships where the elements
of reducing the origin and transmission of vibrations as

one of the causes of noise should be entered in the stage of
construction (which actually have been carried out already,
but only in terms of the impact on humans, [8]), and so in
the planning and execution of all types of construction work
in the sea and coastal areas (because the coastal gener-
ated noise can be transferred to the vast sea area), and in
all those activities connected with the oil and gas extracting
industry drilling oil and gas from the seabed, etc.

There are many examples of the protection of marine
organisms carried out mainly at local or national levels in
a particular area such as:

— designation of protected areas (e.g. Ligurian Sea - Cor-
so-Ligurian basin, Gulf of Lion and Corsica, 1999th by
Italy, France and Monaco), which is based on the United
Nations Convention on the Law of the Sea, which explic-
itly allows protection of all kind of pollution, including
those caused by excessive noise;

— adopting regulations on national and international lev-
els, e.g.:

e US. law on the protection of marine mammals, in
1972 - U.S. Marine Mammal Protection Act (MMPA),
which is often used as a model of national protec-
tion, and is therefore relevant globally. The law
initially prevented harassment and catch, but the
amendments in 1994 clearly introduced the inter-
pretation of harassment through two levels: A - po-
tentially injuring and B - potentially disturbing that
may cause a change in behaviour, migration, etc.

e EU Directive on habitats and species - The Habitats
and Species Directive (Council Directive 92/43/EEC
of 215 May 1992);

e Agreement for Small Cetaceans of the Baltic and
North Seas (ASCOBANS) in 1992;

e Agreement on the Conservation of Cetaceans of the
Black and Mediterranean Seas and Contiguous Wa-
ters (ACCOBAMS), 1996.

At the global level, the basis for the designation of pro-
tected areas and the introduction of regulations in the leg-
islation is primarily provided by the: United Nations Con-
vention on the Law of the Sea [12] and by MARPOL 73/78
[9], and by the guidelines of sustainable development as
defined in Agenda 21 - The Action Plan of the United Na-
tions Conference on Environment and Development [1].
However, at the regional level there are many other ‘Pro-
tocols’ (e.g. the Barcelona Protocol in 1994, or Kuwait
Protocol in 1989.). In addition, some authors [16] argue
that prevention of marine pollution by noise can be inter-
preted out of the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter, London
1972 [2] implying that such disposal generates a certain
level of noise, as well as out of the Global Programme of
Action for the Protection of the Marine Environment from
Land-based Activities, 1995 [4]. Many initiatives for co-
operation on the prevention of marine pollution by noise
have been raised on an international level by the Interna-
tional Whaling Commission.
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From the foregoing fact, it is clear that the prevention
of marine pollution by noise is difficult to implement on
a global scale, but can be carried out at local or regional
levels, including the Adriatic Sea, which primarily requests
an agreement of the states within the region. However, in
order to reach such a consensus, it is necessary to conduct
scientific researches that will provide relevant informa-
tion about the possible pollution of the sea by noise and
endanger of marine organisms in a particular area, and on
which results such protection will be enabled.

6. Conclusion

Sources of sounds in the sea may be of natural origin
on whose intensities all marine organisms are adapted
and do not represent any danger to marine organisms, or
those of anthropological origin whose intensities or du-
rability may reach such levels (noise) that actually pose
a threat, generate the harmful effects and become the sea
pollutant.

The consequences of marine noise pollution are not
easily visible to the public and often unavailable. After
numerous cases of the stranding of marine mammals and
researches conducted to find the causes of these phenom-
ena the results of which had indicated on the problems
of marine pollution by noise, the public awareness about
the harmful effects of noise caused by human activities
on other marine organisms was increased, as well as the
need for their protection. Seismic surveys for fossil fuels
currently being conducted in the Adriatic Sea are not the
only anthropological source of marine pollution caused by
noise, but it can be also a noise from maritime transport or
nautical tourism, industrial noise, noise from construction
works in the sea and coastal areas, as well as from differ-
ent military activities or equipments.

The sound is produced as a consequence of spread-
ing pressure waves from a particular source that flickers
within different types of substances, and the experience
of sound ‘volume’ is not the same for different media be-
cause of the need for the conversion to the reference lev-
els. The sound wave is moving through different media
at a different speed, and the density of the media at plays
an important role, because in dense media sound spreads
faster and at the same time has a lower power consump-
tion, and its intensity decreases more slowly. It is of im-
portance to understand the sound ‘audibility’, because the
sound intensity at a particular location is different from
where the sound originated, and it is necessary to know
the information about the distance from the source. Like-
wise, the speed of the propagation of the sound in water
also depends on its temperature, depth (pressure), salin-
ity, season, geographical location and time of day:.

Due to the limited penetration of light into the depths
of the sea, marine organisms are adapted to create differ-
ent ‘image’ of the living environment which is essentially
based on sound and acoustic perception, and by means
of the sound they are able to locate, create or receive vo-

calizations over large distances which allow them to inter-
act with the environment (internal communications and
maintaining ‘family ties’, detect preys or upcoming preda-
tors, etc.). The adaptations of marine organisms on the
possibilities for the transmission of sound interactions are
different, and in doing all these they developed auditory
and sound organs well adapted to distinguish background
noise caused by other natural sources, while anthropologi-
cal causes can significantly interfere.

Anthropological causes demonstrate their effects on
marine organisms through direct or indirect harmful
mechanisms in the form of temporary or permanent dis-
placement of the threshold of audibility or substantial
damage to hearing organs, permanent damage to the tis-
sues of organisms, trauma or even extinctions, inability of
acoustic interpretations of the environment, masking of
communications or other biologically important sounds,
intra or inter sexual disorders, chronic stress, behavioural
changes and deviations from the usual routine, to tempo-
rary or permanent migration, which by some marine or-
ganisms can pose a serious threat.

The prevention of Marine Pollution by noise begins
with knowing the type of marine organisms in a given area
and their lifestyles in order to identify and prevent pos-
sible anthropological sources of noise. The results of sci-
entific researches on marine organisms, especially marine
mammals, may be used to prevent pollution even during
the phase of building a ship, in the planning and execution
of all types of construction work in the sea and coastal are-
as, as well as those related to the industry of extracting oil
and gas or military industry, as well as a variety of other
purposes.

Preventive protection, in the form of the declaration of
special areas or by adopting regulations at national and in-
ternational levels is allowed by different international con-
ventions and intergovernmental agreements and protocols.
However, it is not to be expected that such adoption will
completely remove anthropologically caused noise in the
sea, but it can be significantly reduced if the continuity of
the researches and the education at all levels is carried on.
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