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Infroduction; the purpose of this work and explanation of its content;
difficulties and limitations.

The origin of this work can be found in the project ‘Effects and Control of
Anthropogenic Noise in Marine Ecosystems’ in the part relative to legal initiatives. In the
first phase of the Report on this Project (December 2008) it was concluded that the
level of complexity of marine issues, united by the fact that wide scientific gaps and
difficulties sfill need to be covered and resolved, counseled against the immediate
drawing up of legal projects concerning underwater acoustic pollution. Nevertheless, it
was suggested that a document of ‘Best Practices’ be elaborated to focus on the
‘state of the art’ of this issue, and that it be used by public administrations and
promoters of projects that will cause acoustic pollution, as much within the framework
of environmental impact assessments as in management development plans in
protected marine areacs. It is of vital importance that activities, which generate acoustic
pollution in the oceans, be monitored. Accordingly, this document could derive, in the
short term, a Protocol of Applications which will in its own time open the way for the
preparation of, if necessary, legislative initiatives within their own right.

Sources of sound produced by human activities manifest physical, physiological and
behavioral effects on marine fauna; mammals, reptiles, fish and invertebrates, effects
that can be diverse depending on the proximity to the signal source. These impacts, for
example, include a reduction in the abundance of fish species of up to 50% in zones
under exploration!, changes in cetacean behavior and their migration routes?, and a
distinct range of physical injuries in both marine vertebrates and invertebrates3. There
may be further long-term consequences due to chronic exposure and sound can
indirectly affect animals due to changes in the accessibility of prey, which in turn may
suffer the adverse effects of acoustic pollution. These damages could have a
significant bearing on the conservation of species already endangered which use
acoustically contaminated areas for migratory routes, reproduction and feeding.

For many reasons, nowadays, evaluating the acoustic impact of arfificial sound sources
in the marine realm is an expensive proposition. Firstly, we face the relative lack of
information on the sound processing and analyses mechanisms in marine organisms.
Although we are capable of cataloging and recording the maijority of these signals, we
still do not know enough about the important role they play in the balance and
development of populations. Secondly, the possible impact of sound emissions may not
only concern auditory reception systems but might also interfere on other sensorial and
systemic levels, proving lethal for the affected animal. If to these heavyweight reasons
one adds the fact that a prolonged or punctual exposure to a determined noise can
have negative short, medium and long term consequences not immediately observed,
the lack of provision and research resources are the greatest difficulty confronting the
scientific community, in obtaining objective data that will allow the efficient control of
anthropogenic noise in the ocean.

In addition, we find ourselves with a most pressing problem which relates to the
homogenization of measurements. For now there is no protocol for measuring marine
acoustic pollution, nor any agreement on the enunciation of these measurements.
Whilst this problem resolves itself, gathered within this body of work are aspects relative
to the expression of measurements as science has created them, with the idea that in
some heterogeneous or fragmented way, these indications may be useful in orientating

' Engds et al. 1993, Skalski et al. 1992
2 Richardson et al. 1995b, Gordon and Moscrop 1996
® Bohne et al. 1985, Gordon et al. 1998b, McCauley et al. 2000 ; Guerra et al. 2004.



preventative and precise management actions in the advancement of acoustic
pollution control.

In this work Cetaceans have been designated as bio-indicators. Marine mammals,
notably cetaceans, depend on acoustic exchange for a great number of activities
and vital behaviors such as communication, geographical orientation, habitat
relationships, feeding and a wide range endeavors within the broader social group
(cohesive action, warnings and maternal rapports). On account of their fundamental
role in the balance of the marine food chain, cetaceans will serve in this project as bio-
indicators of the interaction with noise of anthropogenic origin.

Finally, with regard to the content of this Document, we would like to point out the
following introductory aspects of interest:

. In the freatment of “Sound Sources”, a distinction has been made between
“Sources of noise” and “Acoustic signals”. The reason for this separation lies in the
following: human activities in the ocean can generate residual noise that is associated
with that activity but does not contain or provide data. Shipping noise, oil and
oceanographic platform construction, wind turbines or seabed driling, for example, all
fall intfo the category of “noise”; we are dealing with activities that *might” function
without noise if they could rely on adequate available technology and practices. There
are other activity groups which include military and industrial sonar, seismic and
geographical surveys that are based on the usage of acoustic signals, i.e. sound
sources infroduced intfo the medium to extract information, and whose substitution
would be very difficult, at the moment, to bring about. Lastly, we will consider as
acoustic signals the biological sources produced by marine organisms.

. The first six sections of this Document try to summarize and set out the “state of
the art” in underwater acoustic pollution and its environmental impact on species
chosen as bio-indicators; i.e. cetaceans. In section 7 tools are put forth that could be
applied to the elaboration of Environmental Impact Assessments or in Management
plans of Marine Protected Areas (MPA’s) or the Natura Marine 2000 program. All of
these will call for a careful follow-up that will not only assess the need to correct their
implementation but also improve the available scientific data.

This Document has been conceived as the first piece in an open process. Its authors
wish that its content be analyzed and improved not only through peer reviews to which
it will be submitted, but particularly, through the process of its application by public
administrations, hypotheses or data of Environmental Impact Assessment Plans,
Programs and Projects that involve underwater acoustic pollution or in the elaboration
of Management Plans for Marine Protected Areas. It is therefore hoped that in the near
future newer versions of the same will be made to permit the shaping of a Protocol of
conduct in the strictest sense. For this fo come about will depend, in the greater part,
on the existing research needs being covered that are annexed, as an epilogue, atf the
culmination of this work.



1. The Problem of Marine acoustic pollution

In the past hundred years the scale of anthropogenic noise intfroduced into the marine
environment has grown to unprecedented levels. There is no doubt that in recent
history, the larger oceangoing organisms, particularly cetaceans, have not yet
developed the ability to adapt their auditory capacities to these powerful sound
sources, whose impact on the functioning of their vital systems remains unknown.

The sources of marine noise pollution produced by human activity, includes, amongst
others, maritime tfransport, oil and gas exploration and exploitation, industrial and
military sonar, experimental acoustic sources, undersea explosions; military and civilian,
engineering activities, supersonic aircraft noise and the construction and operation of
sea-based wind farms.
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Figure 1. - Sound levels and frequencies from anthropogenic and natural sound sources in the
marine environment,

These sound sources invade the acoustic and physical space of marine organisms
(Figure 1) and there is no actual field of reference in which to foresee the negative
consequences of these interactions on the ocean’s natural equilibrium, and their short,
medium and long term effects on marine biodiversity.

Sound sources as a result of human activity/action have shown physical, physiological
and behavioral effects on marine fauna — mammails, reptiles, fish and invertebrates -,
impacts whose distinct seriousness will depend on the proximity of an animal to the
sound source. These impacts, as we have already mentioned in the infroduction,
include a reduction in the abundance of fish species of up to 50% in prospected zoness,

* Boyd et al. 2008
% Engds et al. 1993, Skalski et al. 1992




changes in behavior and in the migratory routes of cetaceansé and damages of
distinct orders, including physical, in marine invertebrates and vertebrates’.

Even though land based environmental noise has been regulated since some time,
only recently has marine acoustic pollution been introduced in legal international
frameworks8, becoming national regulations in countries such as the United Kingdom.

The Council of the European Cetacean Society, a society of some 500 European
scientists dedicated to cetacean biology research, considers that?:

. There is an urgent need for research into the effects of man-made acoustic
pollution in the seaq, research that must be conducted under the highest standards of
scientific credibility, avoiding all conflicts of interest.

. Non-infrusive mitigation measures must be developed and implemented as
soon a possible.
. There will have to be a limitation put on the use of powerful underwater sound

sources until the short, medium and log term effects on marine mammals are known
and the use of such sources is avoided in areas where concentrations of these animals
are found.

. Legislative instruments must be developed with regard to marine acoustic
pollution that will permit compliance of European and national policies on the
protection of marine biodiversity?°.

Still even more recently, the Convention on Migratory Species (CMS), recognizing that...

anthropogenic ocean noise constitutes a form of pollution which may degrade
the marine environment and also have adverse effects on ocean fauna, even resulting
in individual fatalities and reaffirming that the difficulty in determining the negative
acoustic impact on cetaceans requires the drawing up of precautionary principles in
cases where impact is possible,

...has just published among other resolutions!!, one that urges bodies whom exercise
jurisdiction over any species of marine organisms listed in the appendices of the CMS,
fo...

...develop methods of control on the impact of acoustic emissions arising from
human activities in susceptible habitats that serve as gathering points or places of
passage of endangered species, and to carry out environmental impact studies on the
introduction of systems that may produce noise and their derived risks to marine
mammal species.

® Richardson et al. 1995b, Gordon and Moscrop 1996

" Bohne et al. 1985, Gordon et al. 1998, McCauley et al. 2000, Guerra et al 2004

® These regulations include articles 192, 194 (2.3), 206 and 235 of UNCLOS 1982 and UNCED 1992.
® Conclusions from the 17th International Conference held in Las Palmas, Canary Islands in March
2003, under the main theme of Marine Mammals and Sound.

' André and Nachtigall 2007

" Ninth meeting of the parties, Rome 2008



2. Basic Acoustic Concepts

It is important to take into account that the terms “sound”, “noise” and “signal” are
different and furthermore, could mean different things in different languages. The
appellations “noise” and “sound” are not synonymous'2. Sound is an allusive tferm to
any acoustic energy. Noise, for its part, is a type of unwanted sound to whoever hears
it. The opposite of noise is signal; i.e. a sound that contains some useful or desirable
information. Thus, a particular sound can be noise for one and a signal for others!3 .

Sound is a physical phenomenon that resides in the mechanical oscillation of the
particles in an elastic medium, produced by a vibrating element that is capable of
provoking an auditory sensation, in function of the receptor’s sensitivity. Sound travels at
a different velocity depending on the medium in which it propagates. In the case of air,
its speed is around 350 meters per second while in water (a fluid of far greater density
where the particles are grouped closer fogether) it fravels at roughly 1450 meters per
second. This demonstrates a significant change in the behavior of sound waves in both
scenarios, water being the medium where sound is transmitted with greater ease and
therefore, over greater distances.

The oscillation of water particles (in this case the sea), happens at a standstill, meaning
that the particles move themselves in relation to a position of equilibrium, fransmitting
this movement to their neighboring particles. This oscillation can be slow or fast
producing what we differentiate between low pitch sounds (slow oscillation) or high
pitch sounds (fast oscillation). The concept of frequency is used to put values on these
oscillations which establish the oscillations per second that are produced in the
particles from the medium with respect to their position of equiliorium. The magnitude
for measuring said oscillations is Hertz (oscillations per second].

Sound propagates in the form of pressure waves. A wave is a physical magnitude that
propagates in space and time. It is mathematically expressed as a “function” of space
and time, analogous to magnitudes as disparate as the height of a wave of water, the
electrical impulses that regulate heartbeat, or indeed the probability of finding a
particle in quantum mechanics. Pressure waves corresponding to sound waves are
thus, variations of pressure which are fransmitted through space and time resulting from
movement of the particles moving themselves from their position of equilibrium, which
in furn transmit this movement to neighboring particles and so on.

To understand the magnitude of Sound Pressure we must start from the concept of
“atmospheric pressure”, i.e. the pressure exerted by the ambient air in the absence of
sound. This is measured in units of S| (Systéme International d’unités) called Pascal (1
Pascal is equal to the force of 1 Newton applied uniformly over the surface of 1 square
meter and is abbreviated 1 Pa). The Sound Pressure Level, which is expressed in the
abbreviation “Lp”, is the expression of the magnitude of sound pressure in dB referred to
a concrete magnitude (more on this later). Sound Pressure values are in general far
lower than those in atmospheric pressure. For example, the most intense sounds one
can bear without experiencing severe auditory pain are around 20Pa, while those
hardly audible at all are nearer 20uPa (u is the symbol for micro-Pascal, i.e. a millionth
part of one Pascal).

The Decibel (dB) is the unit measure of Sound Pressure Level. It is not an absolute value
but relative to a reference measure. Decibels are used since, in mammals, perception

12 “Energy producer’s caucus” of the “Advisory Committee on Acoustic Impacts on Marine Mammals”
'3 ACAIMM 2006



on an auditory level in pressure variations is not linear, but rather, closer to a logarithmic
scale from where decibels are derived. Decibel measurements are not absolute but are
calculated in comparison to a reference that is different for measurements in air and
measurements in water for which both cannot be directly compared. For all of this, it is
fundamental to include in all measurements the reference with respect to which levels
have been calculated. Any measure is useless without specifying this reference. Typical
references are 20uPa in air and TuPa in water.

The Sound Pressure Level (SPL) holds an advantage of being an objective and fairly
comfortable measurement of the radiated sound, but has the disadvantage of being
far from representing with precision what is really perceived. Given the human ear’s
sensitivity to certain frequencies, much depends on the components of the sound
frequency perceived.

The logarithmic definition of the decibel scale implies that an increase of 10 times in the
scale of sound pressure expressed in Pascal corresponds to a 20dB increase in the
pressure level.

Increase of sound pressure Level corresponding to an increase in pressure.

Increase of sound pressure Increase of sound pressure

level

1x + 0dB

2 x +6dB

10 x +20dB

100 x + 40 dB

1000 x + 60 dB

10000 x + 80 dB

While sound “levels” are universally measured with decibels, their calculation can be
based on different methods of measurement or values of reference. There are different
methods of measurement and units with the aim of quantifying the amplitude and the
energy of the sound pressure’s signal'4:

o The difference of pressure between the maximum positive pressure and the
minimum negative pressure in a wave is the “peak-to-peak” (p-p). The
amplitude “peak-peak” can be measured directly from the maximums to the
minimums expressed in dBp-p.

o The positive pressure peak of a wave is known as “zero-to-peak” (0-p), roughly
equates to the half of the “peak-to-peak” pressure. In any case, the difference
between the two levels of corresponding pressures is approximately 6dB. The
“zero-peak amplitude can be measured directly from the zero pressure line to
the wave maximum, expressed in dBo-p.

o The concept of “root-mean-square-(RMS)" or effective value refers to a statistic
measurement on a variable magnitude. It is based on the mean of the squared
signal, in a given time for when a short pulse is measured; the RMS sound values

4 Johnston et al. 1988; Richardson et al. 1995b ; McCauley et al. 2000 ; LGL 2003, 2004



can change significantly depending on the time duration of the analysis. RMS
amplitude is expressed in dBrvs and should always be accompanied with the
time frame decided to be used for this concrete measure, and the reference
with which the measurement has been carried out. The values of a continuous
signal measured in RMS or in peak value usually differin 10-12 dB.

o The Spectral Density of energy or power, commonly called spectrum, provides
information on the distribution of the energy contained in the signal in the
different frequencies that they are composed of.

o Equivalent Sound Level (Leq): Leq is defined as the constant level which, if
maintained for the same duration, will generate the same acoustic energy to
the receptor as the studied signal. It is a comparative measure between
different sounds of the same duration.

o Sound Exposure Level (SEL). To compare sounds of various types or durations,
SEL is defined as the level of pressure of a constant wave which, if it is
maintained for one second, will generate the same acoustic energy to the
receptor as the studied sound.

0 Loss of Transmission: Sound pressure diminishes over distance from the source
due to the phenomena of absorption and dispersion of waves. In an “ideal”
scenario, without reflections or obstacles, the sound pressure diminishes by a
factor of 1 over the considered distance (1/r, where r = radius from the source).
In realistic scenarios, due to differing layers of water, the propagation of sound
and its aftenuation may be very different. For example, the reduction of sound
pressure could diminish if the sound is channeled due to seabed topography
and/or water column stratification. The effects of fopography and the
characteristics of the water column to which we refer can induce very complex
sifuations’s, which in turn should be taken intfo account at the time of
establishing correct measurements of sound impacts.

o Source Levels (SL), describe the level of sound pressure referred to the nominal
distance of 1 (one) meter from the source’s.

Before moving on to the remainder of this document, it is important to bear in mind that
from a scientific viewpoint, there is no consensus in the modes of expressing “sound
levels” and this is a problem. All values should be converted to the same values (points)
of reference, averaged in the same time intervals and this should be expressed in all
measures. This is not done, for the moment at least, in terms of marine acoustics. To be
able to carry out conversions from one to another expression, additional information,
available or not as is often the case, is nevertheless required. Even though the utmost
effort had been made in being as consistent as possible in terms of expressing sound
levels, it is imperative to take into account that throughout this Document we can find
a great many variations of measures, values, references and units to communicate
them, (particularly when magnitudes have been ‘gleaned’ from the world of scientific
literature). The reader must exercise caution atf the time of establishing comparisons
between different values and magnitudes, on account of the above.

' Bain and Williams 2006; DeRuiter et al. 2006; Madsen et al. 2006b
16 Urick 1983; Richardson etal. 1995b
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3. Sound sources, the importance of the difference between noise sources and
acoustic signals.

3.1 Sources of Noise
Maritime Traffic

Maritime traffic is the principal source of low frequency background noise (5-500 Hz)'7 in
the world's oceans.

Ship noise is fundamentally generated from three elements: the engine, propeller and
associated machinery and the flow of water over the hull. Ships can also provoke
cavitation’s, i.e. the creation of cavities (hollow areas of water) or pressure zones inferior
fo the ambient underwater pressure, caused by the rapid movement of an object
(vessel, propellers) through its medium. The subsequent “filling up” of these empty
spaces produces sound. Cavitation accounts for up to 80-85% of all noise made by
maritime shipping traffic?.

Vessel traffic is not evenly distributed in the oceans, but rather over established routes
and coastal areas; these are designed in order to minimize distances.

Seaports are also a source of noise; even though only a few dozen ports control the
maijority of the world’s shipping, hundreds of additional smaller ports and harbors also
make a significant impact, depending on their characteristics and location. In the
same way small boats don't contribute a great deal in global marine noise, they do act
as sources of local and coastal noise pollution.

Oil and gas exploration and exploitation

Oil and gas production activities produce low frequency sub-aquatic noise? in different
phases of operation: drilling (perforations), installation and removal of open sea
structures and associated transport. Of all of these, it is the drilling process phase?! that
produces the highest sound pressure levels.

The noise from drill ships is produced by perforating equipment, propellers and
propulsion stabilizers deployed to maintain the ship’s position. The most commonly used
drilling equipment is called a “jack-up rig” (self-raising towers or platforms). In addition,
drilling generates auxiliary noise through supply ships and helicopter support activities.

The activities associated with hydrocarbon industries have historically made up the
greatest source of acoustic activity in shallow waters (<200m). In recent years these
enterprises have moved into deeper waters (up fo 3000m). Deep water production and
drilling has the potential to create higher levels of noise than in shallow water due to the
types of vessels and machinery engaged in this activity, including floating production

" Below 600 Hz (OSB 2003)

'® Ross 1987, 1993.

9 Vessel noise oscillates between minimum levels from 115 dB re 1 uPa at 1 m (meter) for small
boats (Au and Green 2000) to 180-190 dB re 1uPa at 1 m for Supertankers (Hildebrand 2005).
There is considerable information available in maritime traffic literature and source levels (Gray and
Greely 1980; Institute of Shipping Economics and Logistics 1989; Jennete 1993; Lloyds Register of
Ships 1989; Molinelli et al. 1990; Revello and Klingbeil 1990; Ross 197; Scrimger et al. 1990;
Scrimger and Heitmeyer 1991, Richardson et al. 1995b; Erbe and Farmer 2000).

%0 <50 Hz

1 Possibly reaching 185-191 dB re 1uPa at 1m (Richardson et al. 1995b; WDCS 2003).
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platforms. Furthermore, noise generated in deeper waters can easily be caughtup ina
deep channel through which sound is propagated over great distances.

Dredging

Marine dredging is usually carried out in coastal areas and is normally concerned with
deepening canals and channels, port and land reclamation or in the extraction of
natural marine resources. In this field of operation we will encounter two sources of
noise; dredging boats and the machinery deployed therein?2,

Marine wind farms

There are three phases involved in the life cycle of a marine wind farm; construction,
exploitation and dismantling. In each of these phases underwater noise can arise from
a wide variety of sources.

During constfruction, noise comes from re-installation activities, such as topographical
studies, increased marine traffic, pile drives, dredging, the opening of ditches and
drilling. The operational and exploitation phases produce further sources of noise,
including aerodynamic alteration from the windmill blades and gearboxes. The
dismantling of a wind furbine can involve hydraulic water-jet cutting equipment and
explosives?,

Explosions

Nuclear explosions having been banned, underwater explosions today are mainly used
in the fields of marine construction, the elimination of underwater structures (foremost in
the oil industry) and in military uses and are of a chemical nature24,

% Noise levels involved in dredging have been registered from 160-180 dB re 1 uPa at 1m in 1/3
octave with a peak intensity between 50 and 500 Hz (Graneé and Moore 1995).

% The omni-directional source levels are often in the approximate range of 185-195 dB rms re 1 yPa
at 1m, peak levels can reach up to 260 dB re 1 yPa at 1m in absence of noise reduction measures,
the main part of the energy in low frequency ranges between 40-1000 (or 2000) Hz (CDoT 2001;
Nedwell et al. 2003; Nedwell and Howell 2004; Rodkin and Reyff 2004).

% Some armed forces carry out tests to confirm the resistance of their ships to sub-aquatic
explosions, and can use charges more than 1000 kg. (Hildebrand 2004), generating a low
frequency sound, with pressure levels of up to 299 dB re 1 yPa at 1m.
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3.2 Acoustic sighals
3.2.1 Anthropogenic acoustic signals
Seismic studies

The realization of seismic studies in the marine environment has, in general, seabed
composition analysis as its primary objective. This is also the foremost technique used in
the search for oil and natural gas reserves. Explosives are also used in scientific research
to gather information on the earth’s origin and tectonic plate movement in the earth’s
Crust.

The pressure waves necessary in the execution of a seismic survey are achieved
through “pulses” of compressed air performed by airguns, which are in furn fed by
powerful compressors. The airguns discharge a predetermined volume of air at high
pressure, creating a pressure sound wave and the expansion/contraction of the
released air bubble. The airguns can be mounted on a vessel or arranged in a device
(from tens to hundreds of meters in length), fowed along by a vessel (array). The towed
device tends fo include a number of sound sensors (hydrophones), which can detect
the pressure waves reflected back up from the seabed, forming, in an adequate
receptor, an image of the surface below. Furthermore, this image can contain
information on the rock layers and sediments found below the seabed.

An underwater seismic reflection survey includes a series of passes in parallel across an
area by a ship that fows the compressed airgun arrays and hydrophones.

Currently2s there are around ninety boats dedicated to these types of studies around
the world for industrial exploitation purposes2.

A study of ambient noise in the North Atlantic has indicated that airgun activity
developing along the continental shelf propagates significant low frequency?’ sound
into the deep, having been detected with hydrophones in localities of over 3000km
away.

Sonar

Sonar systems intentionally create acoustic energy to explore the ocean. They search
for information on objects within the water column, on the seabed and in its sediment.
Sonar emits high intensity acoustic energy and can either receive this reflected energy
or disperse it. There is a wide range of sonar systems used in civilian and military
applications. Sonar can be qualified as low frequency (<1 kHz), mid frequency (1-20
kHz) and high frequency (>20 kHz).

%% |WC 2006a

% Signals emitted by compressed airgun arrays produce a maximum source level of 259 dB re 1 yPa
at 1m of exit pressure (Greene and Moore 1995). These signals are low frequency (under 200-250
Hz) with the highest energy between 10-120 Hz and an energy peak at 50 Hz (Dragoset 1990;
Richardson et al. 1995b; Gausland 2003; Tolstoy et al. 2004; Parkes and Hatton 1986; Caldwell and
Dragoset 2000). Above 250 Hz the acoustic energy emitted diminishes with increasing frequency,
although it can reach up to a 100 kHz Decruiter et al. 2006; Goold and Coates 2006; Bain and
Williams 2006; Sodal 1999; Masden et al. 2006b).

%" Nieukirk et al. 2004
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Military sonar is used in the detection, finding and classification of targets. In general, it
covers a very wide range of frequencies with higher levels used than in civilian sonar,
operating as much in fraining exercises as in combat.

Active low frequency sonar (LFA) is used for surveillance on a broad scale; it is
designed to sweep for submarines over distances into the hundreds of kilometers.
Support ships specialized in deploying LFA use ‘arrays’, source elements which are
suspended vertically below the ship28.

Mid frequency Anti-submarine tactical sonar?? is designed to detect submarines
over many kilometers. The majority of Navy's operate mid frequency sonar for deep
water sounding, communication between platforms, etc.

For its part, high frequency sonar tends to be incorporated in weaponry such as
tforpedoes and mines or in countermeasure systems (defense) against mines and anti-
torpedo devices artifacts. These are designed to function over areas ranging from
hundreds of meters to various kilometers. Such sonar is very precise and uses pulsed
signals. Other types of high frequency military sonar includes side-scanning for seabed
mapping and operate at frequencies near 100 kHz.

Naval ships and submarines use acoustics to communicate. At present, civil underwater
communication systems are being developed, such as the Dutch ACME30 system to
help ships avoid running aground in coastal or port waters.

Commercial Sonar is used for fish finding, probing great depths and in profiing water
columns. These deep water probes have been devised to focus the sound in one
(pulse-beam) downward directed sound pulse. Deep-water sounders and other
hardware that profiles the water column in medium depths have been designed for
locating the seabed and to probe the area above it, respectively. They operate mainly
in coastal and shallow waters. Sounds used in the detection of fish are used in both
deep and shallow waters3!.

Sonar research systems are “civilian” sonar used in diverse research tasks such as depth
measurement, finding objects, charting the seabed, sediment layer detection and
locating fish shoals. Research sonar apparatuses can be installed in the ship's hull or
fowed behind it. Mid frequency32 sonar is generally used depending on water depth
and the object being sought. The length of the signal is relatively short, work cycles
small and the density of the energy flow is low in comparison with military sonar.

% These Systems have been designed to project pulses of energy in a horizontal direction, the
effective source levels of an LFA array can be from 235-240 dB re 1uPa at 1m in the horizontal axis
gZimmer 2003).

® For example, the sonar AN/SQS-53C and AN/SQS 56. The AN/SQS-53C is the most advanced
vessel in the US Navy, generating modulated frequency pulses between 2 and 8 kHz at source levels
of 235 dB rms re 1 yPa at 1m or more (Evans and England 2001). It is equipped with an array of
transducers of 536 elements. The sonar AN/SQS 56 has a source level of 223 dB rms re 1yPa at
1m.

% At source levels of 235 dB rms re 1 pPa at 1m or more (Evans and England 2001). It is equipped
with an array of transducers of 536 elements. The sonar AN/SQS 56 has a source level of 223 dB
rms re 1TyPa at 1m.

¥ Using frequencies around 12 kHz and source levels 125-133 dB (Leq re 1 uPa (Kastelein et al.
2005, 2006)

%212 kHz
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Acoustic harassment and dissuasive devices

Acoustic dissuasive devices (ADD's) use sound to drive away marine mammals in
commercial fishing areas. The aim of these is to keep animals away from fish by
introducing local acoustic alert signals that result in discomfort for the animals. It is
argued that these noise emissions called “pingers”33 can be useful in reducing
accidental capture of mammals by alerting them to the presence of driftnets and other
fish catching material, sending them far from such materials that might cause them
harms34,

Acoustic harassment devices (AHD's) are used to reduce the hunting of fish stocks by
mammals in the open sea and in fish farms. AHD'’s are high energy devices reaching
source levels of 185-195 dB re 1 yPa ref Tm. These pingers have frequencies in the 5-160
kHz band whose pulses can last from 2-2000 ms.

Such devices have been only partially successful in reducing accidental capture of
some mammal speciesss, but require further long term research to confirm that their
sound does no more than alert mammails to the presence of prey. Marine mammails
have learned to perceive such AHD signals as a “dining bell” that teaches them to hunt
with greater easesé¢.

Other forms of underwater signals have been experimented with on marine mammails
with the same objective of alerting cetaceans and impede their approach to fishing
zones or tfrawlersd’. Sounds produced by submarine communications equipment have
also been tested in this area®. In this final case, acoustic devices are deployed as an
axis in a communications network for the harvesting of data for maritime security. These
devices produce diverse types of sound, including chirps and frequency sweeps.

Scientific Experiments

The use of sound is often employed in the research of underwater acoustic
propagation and in oceanographic acoustics.

A broad range of bandwidth, source level and work cycle signals are transmitted
during these projects. The spatial extension of the majority of these experiments is in the
dozens of kilometers, but not to exclude the Acoustic Thermometry of Ocean Climate
(ATOC) program which is on a far greater scale. Acoustic Thermometry studies the
changes in oceanic temperature by measuring the speed of sound in the ocean??,
using low frequency sound, which can reach a great distance0. It emits at 4 hourly
intervals with a 5-minute “ramp-up” period and a signal duration at maximum energy of
20 minutes4!.

Another large scale sonar research project carried out by European researchers42 uses
driftfing float sources#? called RAFOS (Ranging and Fixing of Sound), which drift at a

% Community Regulation no. 812/2004 of the European Union establishes some guidelines in the
use of pingers
* Pingers use low energy source levels (130-150 dB re 1 uPa at 1m) in the wide band.
% Kraus et al. 1997, Culik et al. 2001, Bordino et al. 2002
% Geiger and Jeffries 1986; Mate and Harvey 1987; Jefferson and Curry 1994
37
Nowacek et al. 2004
% Kastelein et al. 2005
% The ATOC source has a level of 195 dB re 1 uPa at 1m and a transmitted signal centered at 75 Hz
with a wide band of 37.5 Hz (Au et al. 1997)
** Munk and Wunsch, 1979
*! The generators are situated 15km from the island of Kauai, Hawaii and approx. 89 km southwest
of San Francisco, California.
“> NODC 1996; Lankhorst et al. 2004; Gascard and Rouault 2004; IfM-Geomar 2005; BODC 2006.
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predetermined depth and periodically emit a high intensity signal44 (tone) or a
continuous signal of 80 s or longer. These sounds are picked up by distant receivers
(min. 600km distance)45 and the arrival fime is used to calculate the position of the
floats, and so derive information on the direction and or temperature of deep water
currents4é,

Sound as an instrument of scientific ocean research has a great many uses and here
we have mentioned but a few. As in the oil and gas industry, research vessels use sound
to find and release submerged equipment by producing an acoustic transmission. The
Acoustic Doppler Current Profiler (ACDP), installed in ship’s hulls, measures the speed
and direction of ocean currents, emitting a sequence of high frequency pulses using
what is called the “Doppler effect” to analyze its transmission.

An Acoustic Current Meter (ACM) emits and receives sound pulses to study waves and
currents.

All of these devices either use high frequencies with short sound propagation or have
low level sources.

*3 Rossby et al. 1986

* 195 dB re 1 uPa at 1m, that is the frequency sweep of 200 to 300 Hz

*> Rossby et al. 1986

4 NODC 1996; Lankhorst et al. 2004; WHOI 2004; Gascard and Rosault 2004; IfM-Geomar 2005;
BODC 2006
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Table 1. Comparison of sub-aquatic sound sources of anthropogenic origin®’.

Source SPL (dB Ping Energy Ping Duty Peak Bandwidth Directionality
reluPa | (dBre 1 pPa Duration Cycle Frequency (Hz)
at 1m) at 1m) (%) (Hz)

Ship Tests 299 302 2s Inter- Low Wide Omni-

(10,000 Ib mittent directional

TNT)

Military 235 243 6-1000 s 10 250 30 Horizontal

sonar

(SURTASS

/LFA)

Airgun 256 241 30 ms 0.3 50 150 Vertical

array

(2000 psi,

8000 in.?

Mid 235 232 0.5s-25 6 2600-3300 Narrow Horizontal

frequency

military

sonar

(SQS-53C)

Super- 185 -[AQ4] Confinuous 100 23 5-100 Omni-

Tanker Directional

(337m, 18

Knots)

ATOC 195 226 1200 s 8 75 37.5 Omni-

Sonar Directional

research

AHD 185 185 0.5-2s 50 10000 600 Omni-
Directional

Echo 235 218 20 ms 0.4 12000 Narrow Vertical

Sounder

(in hull)

RAFOS 195 216 120 s Small 250 100 Omni-
Directional

Trawler 151 -[AQS5] Confinuous 100 300 250-1000 Omni-

(12m Directional

length

7 knofts)

ADD 132 127 300 ms 8 10000 2000 Omni-
directional

4" Table extracted from Hildebrand 2005.

17




3.2.2. Biological acoustic signals
Cetaceans

Cetaceans produce a wide range of acoustic signals to communicate with members
of the same social group and echolocation (biological sonar) for targets. These signals
vary within the two principal cetaceous groups, Odontocetes (foothed whales) and
mysticetes (baleen whales).

Odontocetes make up around 80 very diverse species worldwide and are present in alll
the oceans and some rivers.48,

Cetacean communication signals tend to include mid frequencies (1-20 KHz). The
maijority of these species have also developed a system of echolocation, which
operates at high and very high (20-150 kHz) frequencies and is used in the detection
and localizing of obstacles, prey and mates. The acoustic signals of odontocetes can
be classified into three categories: tonal whistles, very brief short pulses used in
echolocation and other less well defined pulsed signals such as weeps, growls and
barks.

On the other hand, mysticetes or what are popularly known as “whales” make up a
total of eleven species and are distributed in all the oceans 4. It is believed that
mysticetes are particularly sensitive to low and mid frequencies (12 Hz-8 kHz). It has yet
fo be proven if these signals can be used in echolocation. The acoustic repertoire of
cetaceans is most diverse and can include inter-species and infra-species variations.

Invertebrates and fish
Perception of sounds

For small vertebrates and invertebrates, the perception of sounds and pressure respond
to similar mechanisms due to the fact that sound propagation through water requires a
variation in pressure, as in a slow or fast displacement of its particles. In teleostean
(bony) fish the swimming bladder is clearly a potential pressure receiver, for it is flexible,
gasified and reacts to pressure fluctuations by changing its volume. Furthermore, the
swimming bladder of many fish species has been discovered to have a direct or
indirect relation to the perilymph of the inner ear.

Fish lacking swim or gas bladders perceive nearby acoustic pressures , since these are
fransmitted by bone conduction, vibration of the otolith or by lateral linear reaction,
and being insensitive to distant sounds that surpass 400 Hz. Fish equipped with swim or
gas bladders without inner-ear connections posses excellent reflexes conditioned with
frequencies inferior to 520 Hz. Some species have a direct connection which allows
them to pick up varying frequency levels from 13 to 4000 Hz. If a fish remains at depths
without varying, for compensation, the volume of the swim bladder, not only will it
jeopardize its flotation system but also its ability to perceive sounds.

With regard to pressure, fish possessing a swim bladder can perceive equivalent
variations of less than 0.5% of the hydrostatic environment, whilst those without can only
perceive changes that vary between 2.5-10%. The distinction between frequencies in
the case of ‘bony’ fish is similar to the process that takes place in the cochlea (the
coiled part of the inner ear) of vertebrates, although the precise mechanism in the
case of bony fish is unknown.

“8 See annex V guide to the cetaceans present in Spanish waters.
9 As above footnote.

18



Sound emissions

Despite that fish do not possess a larynx, some fish produce sounds by rubbing serrated
surface components on their skeletal structure. Many species produce very sharp
sounds by grinding their teeth but it is the vibrations of the swim bladder wall, using
specialized muscles, which emits the greatest range of sounds or repertoire of calls.

Sound produced by marine invertebrates has not been investigated to the same extent
as that of fish or marine mammails. Nevertheless, the sounds produced by some 40
species of marine crustaceans (Palinuridae) and some shrimps (Alpheus) have been
documented. Other mollusks such as percebes (goose barnacle) do emit sounds but
the mechanisms involved have not been studied in great detail.

The majority of marine invertebrates known to produce sound do so by rubbing parts of
their bodies. Shrimps, on the other hand, are an exception; by closing a specialized
claw they produce a clicking sound creating ‘cavitation’ and making a bubble that
generates acoustic pressure of 80 kPa at a distance of 4 cm from the claw when the
bubble collapses. This pressure is sufficiently strong enough to be able to kill small fish30.

Marine crayfish do not posses claws but produce harsh sounds through antennae
friction, which is believed to be a method of repelling predators.

Mussels (Mytilus edilus) make sound with the byssus, the ‘beard’ that is used for
adherence to hard surfaces. In temperatures above 10°C mussels can produce clicking
noises by stretching and breaking the byssus. It is uncertain whether these sounds are
produced intentionally or not.

Fiddle or violin crabs make up 97% of the genus Uca whose males are renowned for
their asymmetric claws. The larger of the claws is used to produce sound by hifting parts
of its own body or the surface of the area where it is located. A great variety of sounds
produced in this manner have been described as harsh noises, drumming, whistling or
rapping. Sounds particular to each species have been identified based on different
frequencies and time inftervals. For example, the species Uca pugilator (fiddler crab)
produces rapping sounds between 600 and 2400 Hz while the Uca rapax’s sounds are
between 300 and 600 Hz.

Tropical sea urchins (Diadema setosum) produce ‘sparking’ sounds with the rubbing of
the spines as they move. These sounds can also be made from the chaffing between
the 'Aristotle’s Lantern’ (a specialized masticating structure) and its exoskeleton during
feeding and reproduction.

% vVersluis et al. 2000
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4. Cetaceans as bio-indicators; Acoustic signals and cetaceans:
understanding of the environment

As was explained in the infroduction, the choice of cetaceans as bio-indicators of
oceanic acoustic pollution is not by chance. The marine environment, as with all
environments, is organized on the basis of the balance of organisms inhabiting them;
each one is positioned on a specific trophic level that allows the development of
higher levels. Disruption in any of these levels unbalances the chain, in both senses.
Faced with a problem of conservation, the challenge of scientists is to find an organism,
sufficiently representative, that's to say, whose balance and development may have
an influence on the balance and development of the rest of the food chain, and use it
as a bio-indicator against a contaminating source. Cetaceans, for their vital
dependence and almost exclusive relationship with sound information, represent, up
until now, the best bio-indicators of marine acoustic pollution.

The auditory system of cetaceans is characterized by a series of unique morphological
adaptations: one of the most interesting ones is the capacity to select frequencies in
order to distinguish acoustic images across auditory channels which act as frequency
filters.

In a healthy organism, this frequency selectivity of the ear (and of the acoustic signals
which are produced and received therein) is evolvable and directly in relation with the
specific use of its habitat, and as such, characterizes each cetacean species. On the
other hand, within this frequency selectivity, the sensitivity of the ear in some species
allows the measurement of the physiological or pathological condition of the auditory
system in a predetermined individual, and to estimate its auditory capacity to use its
habitat.

Each of the 80 species of cetaceans relies on a complex acoustic repertoires!. This
diversity of acoustic signals, infra and interspecies, complicates any analysis we make
and considerably limits our capacity to adequately estimate the effects of a polluting
sound source.

Each of the species that make up the order of cetaceans offers a unique acoustic
repertoire in direct relation with the habitat where it has evolved over millions of years. It
is understood, that in order to detect prey, a coastal species will need to extract
precise short distance details of the surrounding relief, while the absence of such relief
will require pelagic cetaceans (those living in the open sea) to obtain information over
medium and long distances to the presence of fish shoals or plankton blooms.
Notwithstanding, all toothed cetaceans share the same acoustic production
mechanism which includes the projection of air across nasal air ducts and its exit by
vocal lips, situated on the top of the head. Throughout immersions or dives, this air is
recycled and permits them to vocalize, with the aim of echolocation or
communication depending on the social context at that time.

Another peculiarity along with the absence of vocal chords, also unique in mammails, is
the non-use of the external auditory channel for hearing purposes. Auditory vibrations
are received across fatty tissues situated at lower jaw level that direct information to the
middle and inner ear where it is processed before arriving to the brain.

% See Table No. 2
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Table 2. Functional groups according to the auditory characteristics of cetaceans, the
estimated bandwidth and the genus that represents each group®2

Functional groups according
to auditory characteristics

Estimated Bandwidth

Genus represented

Low frequency

7Hz to 22 kHz

Baleana, Caperea,
Eschrichtius, Megaptera,
Balaenptera (13
species/subspecies)

Mid frequency

150 Hz to 160 kHz

Steno, Sousa, Tursiops,
Stenella, Delphinus,
Lagenodelphis,
Lagenorhynchus, Lissodelphis,
Grampus, Peponocephala,
Feresa, Pseudorca, Orcinus,
Globicephala, Orcaella,
Physeter, Delphinapterus,
Monodon, Ziphius, Berardius,
Tasmacetus, Hyperoodon,
Mesoplodon (57
species/subspecies)

High Frequency

200 Hz to 180 kHz

Phocoena,
Neophocaena,Phocoenoides,
Plaanista, Inia, Kogia, Lipotes,
Pontoporia, Cephalorhynchus

(20 species/subspecies)

%2 Even though the range of frequencies embrace a considerable bandwidth that makes classification
in different groups difficult, we consider here the central energy to the auditory spectrum of the

species studied.
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5. Atypical strandings

A mass beaching is considered to involve two or more cetaceans, (excluding the unit
formed by a mother and calf) alive or dead in a correlation of space and time.

A "typical” mass stranding is one that involves cetaceans of the same species that
remain stranded in the same place, more or less, at the same time.
An unusual or atypical stranding is characterized by53:

affecting different species temporarily or spatially, or
occurring in a greater spatfial range af the same time, or
occurring in unusual places, or

happening in an area encompassing a long time period, or
affecting species not normally prone to strandings.

Some unusual mass strandings have occurred in a concurring space/time coinciding
with the use of high intensity, mid frequency naval sonar or as a consequence of non-
specific military activities. The species most affected in these atypical strandings are
beaked whales (in 8% of cases), namely Cuvier's beaked whale which accounts for
81% of cases, followed by Blainville’s beaked whale. In the Canary Islands in 1988 two
pygmy sperm whales stfranded themselves and in the Bahamas in 2000 two albino fin
whales were seen to do the same.

In both these last cases, as in western Greece in 199654, the Bahamas in 2000 and the
Canary islands in 200255 or in the Haro Strait, Washington State in 2003, it was confirmed
that the strandings took place in areas at a time when mid frequency military sonar was
in operation. This coincidence occurred in two other additional cases in 2004, in the
Canary Islands and off the coast of Almeriasé. During the incidence in Greece in 1996
new low frequency military sonar was undergoing tests along with the use of habitual
mid frequency sonar¥’ (see section 6.2).

% Frantzis 1998, Frantzis and Cebrian 1999; Franztis 2004: Martin 2002; Brownell 2005; Bownell et
al. 2005; Hohn et al. 2006 ; Fernandez 2006b

® D’ Amico 1998; Frantzis 1998, 2004

%5 Martin 2002; Martin et al. 2004

% Dalton 2006; Fernandez 2006b

5" D’ Amico 1998; Zimmer 2003; Frantzis 2004
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6. Effects of anthropogenic acoustic pollution on cetaceans

There is a growing consensus about the potential impact of man-made sound on
marine fauna. The conscious awareness of this issue has been reinforced by a series of
strandings coinciding with the exposure fo man-made sound sources. Anthropogenic
originated sound can affect cetaceans in different ways, and these effects can be on
an individual or group level. The question of how and why man-made sound affects
marine mammals is controversial and it is therefore essential to consider that the conftrol
and adjustment of marine noise is a question that could demand great financial cost,
and yet it remains vital for research into this area to be contfinued in the future. For now,
the following associations can be established:

Table 3. Types of anthropogenic sound that can affect marine mammals58

Source Effects of greatest concern
Ships Masking

Habitat displacement
Airguns (compressed air) Masking

Physical trauma

Auditory loss

Behavioral changes
Habitat displacement
Behavior conditioning effects

Intense low or mid frequency sonar activity

Physical trauma

Auditfory loss

Behavioral change

Behavior conditioning effects

Pile driving

Physical effects

Auditfory loss

Behavioral change

Behavior conditioning effects

Other types of sonar (deepwater soundings,

frawlers, fishing boats)

Masking

Auditfory loss

Behavioral change

Behavior conditioning effects

Dredgers Behavioral change
Habitat displacement
Behavioral conditioning effects
Drilling Auditory loss

Behavioral change
Behavior conditioning effects

Towed fishing materials

Behavioral change
Behavior conditioning effects
Habitat displacement

Explosions

Physical trauma

Auditory loss

Behavioral change

Behavior conditioning effects

Recreational boats

Masking
Behavioral change
Behavior conditioning effects

Acoustic hardware

Behavior conditioning effects

Airplanes

Behavior conditioning effects

%8 Boyd et al. 2008
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6.1 Signal masking

The process known as auditory signal masking happens when noise reduces, partially or
completely, the capacity to hear sound or signals. The scope of interference depends
on the spectrum and the temporal-spatial relationship between the signals and the
masking noise, among other factorss?.

In addition to the acoustic effects of "overlapping” from auditory masking, if a mammal
can hear a sound, this sound, at a determined level, may injure the ear causing a
reduction in sensitivity. The minimum level at which a sound can be perceived is called
the auditory ‘threshold’. If an individual needs a significantly greater sensitivity than is
normal for its species to perceive a particular frequency, an auditory deficit marked by
a change in the threshold level or threshold shift occurs. Any noise at a sufficient level
may change the auditory threshold, whilst a different sound, produced at the same
level, may not provoke equivalent changes If a change in auditory threshold is
accompanied by lesions in the ear, this will be deemed acoustic trauma that may be
temporary or permanent, depending on the duration of the exposure (see point 2).

We can conclude that masking is the increase of the auditory threshold for a sound
due to the presence of another sound¢. It has been confirmed?¢! that signal masking is
particularly pronounced if the spectral frequency of the masking noise superimposes
the critical band surrounding the frequency of the signal.

The majority of underwater activities produce low frequency sound. This noise can
potentially mask the communication signals of all baleen whale species that use
frequencies below 1 kHz and some odontocetes, such as sperm whales. The direct
consequences of this masking of communication and related signals can be diverse:
group dispersal, reducing a fundamental part of their interaction with the natural
environment (echolocation)é2, impaired feeding ability and the separation of mothers
from young with usually fatal consequences for the calf. It is believed that continuous
noise is more detrimental than temporal signalséd and that low frequency sounds
possess a greater masking effect than higher frequenciesé4. There is still no data on the
effect of low frequency masking, nor direct measurements with baleen whales.

The responses of different species to the presence of ambient noise have different
results, some of which have been documented. For example, sperm and pilot whales
have been observed to cease vocalizations during the exposition of intense noise
sourcesss. The contrary has also be shown as in the case of Beluga whalesé¢ and
dolphinsé” which increase the intensity and frequency of their vocalizations to
compensate for the presence of ambient noise. Despite these strategies, it is likely that
the level of efficient communication has been reduced and that this reduction has
limited their ability to react to stressful or dangerous situationsé®. However, the
directionality of the auditory reception could compensate for some of the negative
effects of masking. The directionality index of the bottlenose dolphin has been
measured up to 20 dB¢?.

% Southall et al. 2007

% Erbe 1997

5! Fletcher 1940, in Johnson et al. 1989
62 André and Natchtigall, 2007

8 Richardson et al. 1995b

5 Erbe 1997

5 André et al. 1997

% Au et al. 1985; Lesage et al. 1993
5 Au 1993

% | esage et al. 1993

% Au and Moore 1984
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The capacity of an animal to hear directionally could indeed help it avoid masking, in
that it is capable of differentiating between the signal’s propagated direction and
noise. The 20 dB directionality index measured in dolphins would mean that they could
hear a signal coming from a certain direction as if this signal was ten times higher than
ambient noise.

Grey whales also modify their vocalizations to optimize tfransmission and signal
reception in response to growing noise levels?C, It has been suggested that grey whales
have evolved in function of an environment with a determined ambient noise, and will
thus”! be especially sensitive to changes in this environment. It has also been
suggested’2 that the ability to detect low intensity sounds could be of great importance
for the wellbeing of cetaceans. Table 4 summarizes these and other experiments
related to the masking of signal on cetaceans.

° Dahlheim 1993
™ Crane and Lashkari 1996
"2 Gordon and Moscrop 1996
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Table 4. Summary of relevant articles on the masking of acoustic signals of cetaceans

Species Experiment objectives Results and conclusions Source
Beluga Analyze the noise Masking radius: Erbe 1997;
(captivity) effects of icebreakers - 15 km for “bubbler system” of Johnson et al.

and the elaboration of icebreakers (SPL 194 dB re 1uPa) 1989
maskograms to illustrate | - 22 km from propeller noise (SPL 203
masking zones around dBre 1 yParef 1m)
various Noises. Melting ice does not seem to

contribute to the masking of beluga

signals.
Analyze the effects of The noise from the bubbler system in Erbe and
icebreakers in masking icebreakers and the “ramming” of the | Farmer 1998;
noise and the ice produces a noise masking signal 2000, Erbe et
construction of a model | rate of 15-29 dB. al. 1999, 2000
to process the effect. The masking zone for beluga

vocalizations extends for over 40 km.
Study the vocalizations Belugas change their vocalizations Au et al. 1985
of belugas when there is | when there is an increase in ambient
an increase in ambient noise. With low frequency noises an
noise. animal increases the level and

frequency of its vocalizations in a

possible attempt to avoid masking.

Beluga Study the vocalizations The belugas increased the frequency | Lesage et al.
of belugas as a of their vocalizations and change to 1999
response to boat noise. higher in response to boat noise.

Sperm Study the behavioral The sperm whales that were studied André et al.

whale responses in sperm did notf react to the majority of the 1997
whales after the emitted signals despite the very high
emission of different level of the first exposure. They did
acoustic sources with momentarily cease making their
the objective of ‘clicking’ echolocation signals after
diverting them from having been exposed fo a series of
shipping lanes and artificial codas.
avoiding collision.

Long fin Study pilot whales Pilot whales ceased all vocalizations Bowles et al.

pilof whale | vocalizations as a when exposed to HIFT. 1994
response to the “Head
Island Feasibility
Test/HIFT" 1991.

Dolphins Study the effect of The capacity of distinguishing and
masking noises in detecting targets can be seen to be
dolphins while using severely reduced by the infroduction
echolocation. of masking noise.

Study the effects of The capacity to distinguish and Au 1993
ambient and detect objects diminished severely
anthropogenic noise in upon the infroduction of making
dolphins. noise. On many occasions dolphins
compensated for the presence of
masking noise by emitting more
“clicks” by sweep.

Bottlenose Demonstrate that In an ambient noise of 55 dB re 1 Au et al 2007

dolphins natural sounds (shrimp) uPa2/Hz there is a reduction of 46% in
can degrade the the detection range (going from
detection range of detecting a 28 cm cod from a
dolphin prey by means distance of 173 m to detecting it from
of echolocation. 93m away).

Model the noise The masking zone for stfrong David 2006
masking zone from pile vocalizations is from 10-15 km, and up
driving and wind farms. to 40 km for those weaker
vocadlizations.
Harbor Study the 3 types of It's unlikely that this noise reaches Tougaard et al
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porpoise wind power generators dangerous levels at any distance 2009
in Denmark and from the turbines, and this noise is not
Sweden considered capable of masking
(Middelgrunden, porpoise communication.

Vindeby, and
Bockstigen-Valar).
The turbine noise was
only measured above
the ambient noise in
frequencies below 500
Hz.
50% of the detection of | The masking consisted in a noise in a Kastelein and
a porpoise's auditory 1/6 octave band with a frequency of | Wensveen
threshold for a narrow 4.25 kHz. Its amplitude was reduced 2008
band modulated to 24 dB/octave on both sides of the
frequency signal of 4.0 respective spectrum plane. The
kHz where studied using | auditory system of the animall
behavioral methods, in responded in a linear form with the
the boftom noise level increase of the masking noise. Given
of a swimming pool and | that the narrow band noise was
with two levels of centered outside of the test
masking noise. frequency, the critical ratio of the
porpoise for tonal signals of 4 kHz in
target noise, can only be estimated
to be between 18 and 21 dB re 1uPa.

Narwhall Study the reaction of The narwhal exhibited a totally silent JCNB/NAMMC
the narwhal fo behavior in contrast to the known O 2005
icebreaker noise. state of alarm behavior of belugas

when they were exposed to
icebreaker noise.

Killer whales | Study the vocalizations It was suggested that the Killer whales | Foote et al
of killer whales as a change frequency and prolong their 2004
response fo its vocalizations in response fo the
interaction with whale presence of whale watching boats.
watching boats.

Humpback | Study humpback Some humpbacks were observed to Miller et al.

whale vocalizations as a cease vocalizations, while the songs 2000; Fristrup
response to low of others were 29% longer at a et al. 2003

frequency active sonar
fransmissions.

maximum received level of 150 dB.
Miller et al. 2000 signaled that
perhaps this was fo compensate for
interference. Fristrup et al (2003)
showed that humpback’s songs were
up to 10% longer, two hours after the
exposure to sonar.
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6.2. Acoustic trauma (TTS/PTS)

The influencing factors on the magnitude of auditory threshold change or threshold shift
(TS) include amplitude, duration, and frequency content, temporal pattern and energy
distribution of the exposure to noise. The changes in threshold are called acoustic
fraumas: which can be reversible or permanent.

TS magnitude normally decreases in fime after the cessation of noise exposure. If the
received emission causes a temporary loss, i.e. a temporary threshold shift (TTS), it will
eventually return to normality sometime after exposure. The following physiological
mechanisms are believed to play an important role in inducing TTS, also called auditory
fatigue: effects on sensory hair cells in the inner ear which reduce their sensitivity,
modification of the chemical environment within the sensory cells, residual muscular
activity in the middle ear, some inner ear membrane displacement, increased blood
flow and post-stimulatory reduction in both efferent and sensory neural-output?s,

If a received emission produces a permanent hearing loss (permanent change of
auditory threshold) this is considered to be a permanent threshold shift (PTS).

A PTS is an auditory injury. Some of the apparent causes of PTS in mammals are severe
extensions of the underlying effects of TTS (as in ireparable damage to hair cells). Other
causes imply different mechanisms such as the exceeding of the elastic limits of some
inner and middle ear tissues and membranes, and changes resulting in the chemical
composition of inner ear fluids74. The relationship between TTS and PTS depends on a
great number of variable complexities that concern the subject of study and the
exposure to which it has been subjected. A PTS may arise after a long period of
exposure’s or immediately following an exposure to highly elevated sound levels, such
as those caused by explosions’é. Recent anatomical and behavioral studies suggest
that cetaceans may be far more resistant to TTS than land mammals from having
evolved in a relatively noisy environment?Z. It is important to bear in mind that
cetaceans also suffer from hearing loss as a consequence of old age’s. Finally, a severe
change in threshold shift has been linked with hydrocephalic sickness in one example
of a stranded striped dolphin, indicating that lesions in the central nervous system could
be at the origin of a PTS79.

Auditory loss, whether temporary or permanent, can affect these animals in many
ways. A temporal loss can impede the animal in detecting its prey or predators or can
cause it fo venture info dangerous areas it would normally avoid. A permanent loss will
have grave consequences in any cetacean within the framework of communication in
order to feed, mate, nurse, and socialize. These damages have been deemed to be
the result of receiving intense sound pressureg® and could in turn be the cause of
successive strandings. In the long tferm, any loss in hearing capacity of large numbers of
individuals of any species may diminish its reproductive potential and thus its survival as
species.

73 Kryter 1994; Ward 1997

" \Ward1997; Yost 2000

’® Richardson et al. 1995b

’® Scheifele 1997

" Perry 1998

’8 Ketten 1998; Ridgway and Carder 1997

™ André et al. 2003 and André et al. 2007

8 D’Amico 1998; Gordon et al. 1998b; Ketten 1998; Finneran et al. 2002; Degollada et al. 2003;
Ketten and Finneran 2004; Ketten et al. 2004, Ketten 2004.
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Data from PTS and TTS of land mammails has been used in developing safe exposure
guidelines in the workplaces8!. Recently published data on sounds that cause light TTS
(generally lower than 20 dB in auditory sensitivity) in toothed whales and pinnipeds has
established a sound exposure level of 192-195 dB re 1 uPa2s as the threshold beyond
which a TTS is created in dolphins and belugas exposed to mid frequency tones82. Shift
in the auditory medium threshold of 4 dB at 8 kHz and a change of 8 dB at 16 kHz have
been observed following exposure to noise in the octave band centered in 7.5 kHz83.

A similar change in threshold shift was observed with higher frequenciesé4 in the case of
cetaceans that have their maximum sensitivity in medium frequencies. In table 5 details
are shown of up-to-date published works on hearing loss on cetaceans. It has also been
noted that if octave band levels of a received signal noise are more than 96 dB above
the central frequency of an audiogram, TTS could occur from 12 to 18 dB after an
exposure of 30 minutesss.

8" Example, NIOSH 1998

8 Ridgway et al. 1997; Schlundt et al. 2000; Finneran et al. 2005
8 Nachtigall et al. 2004

8 Schlundt et al. 2000 and Finneran et al. 2007

8 Au et al. 1995
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Table 5. Summary of the relevant articles on auditory loss on cetaceans.s®

Species Experiment objectives Results and conclusions Source
Belugas (in | Convert human Levels of noise that can cause PTS in Scheifele
the wild) Occupational Safety and belugas (at frequencies of 500 Hz, 1 1997
Health Administration kHz and 10 kHz) occurred in 2 of the 3
(OSHA) to sub-aquatic areas researched in the Saint
standards for cetaceans. Lawrence river estuary. As noise level
vary during the day it is unlikely that
belugas were subjected to OSHA
criteria (for PTS in humans). Scheifele
witnessed that a number of
assumptions made in the conversion
were too conservative to reasonably
expect that PTS would happen in
noise levels lower than those forecast.

Beluga Model sounds produced The audible zones would include from | Erbe and
by an icebreaker with a 35 to 78 km and the masking would Farmer 2000
third octave centered at 5 | be in 14 km for the noise produced by
kHz. The received levels the “bubbler system™ and 40 km for
would be from 81 dBrms re | “ramming” noises; TTS of 12-8 dBin a
TpPoa I m 30 minute exposure would be
(corresponding to the produced in the first 40 m for bubble
threshold perturbation). noises and 120 m for “ramming”, or of

4.8 dB for a 20 minute exposure
between 1 and 2 km for the “"bubbler
system” and 2 to 4 km for the
“ramming” noise.

Sperm Preliminary study of inner The results are consistent with auditory | André et al.

whale ear structures in 2 sperm nerve degeneration and increased 1997
whales killed in a Canary fibrousness in response to inner ear
Islands ferry collision. injury. Combined with the

experimental playback results, these
results suggest that low frequency
sounds from ships may be affecting
hearing and increasing the incidence
of collisions around the Canary
Islands.

Harbor Measure the TS in a At 4 kHz the predefined TTS criteria Lucke et al.

porpoise porpoise after exposure to | exceeded 199.7 dBp-pre 1yPaa Im 2009
seismic air gun sounds (SPL) and a SEL of 164.3 dB re 1uPa?s
stimulus (single pulses). at 1 m. The elevated reference levels

of auditory sensitivity indicate
potentially masked thresholds.
Therefore resulting TTS levels should be
considered as temporary changes in
threshold (MTTS).

Striped Electrophysiological The PTS measured over 60 dB re TuyPa | André et al.
dolphin measurements of the at Tm, in comparison with the species | 2003, 2007
hearing of a stranded reference. The PTS was attributed to
striped dolphin. severe hydrocephaly which was

revealed postmortem.

Boftlenose | Subject 2 common The pressure wave form was similar to | Finneran et

dolphin dolphins and a beluga o the waves forecast in the Naval al. 2002

and single pulses in an model of EUA REFMS (Britt et al. 1991).

Beluga "explosion simulator” (ES). Nevertheless the ES failed to produce

The ES consisted of an
array of electrode pole
sound projectors that
generated a similar

energy frequency below 1 kHz. No
substantial changes were seen (= 6
dB) in the threshold of the subject
exposed to single pulses with a

8 Abbreviations used: SEL, Sound exposure level; SPL, Source pressure level; PTS, Permanent
threshold shift; TTS, Temporal threshold shift.
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pressure to that of a
distant underwater
explosion.

maximum received exposure level of
(peak: 70 kPa, [10 psi]; peak-to-peak;
221 dBre: 1 yPa; SEL: 179 dBre: 1
uPas).

Repeat previous The TTS measurements in the beluga Finneran et
experiment with a water were 7 and 8 dB at 0.4 and 30 kHz al. 2002
jet gun to produce only respectively, following an exposure
one acoustic pulse, at length of 2 minutes of single intense
frequencies of 0.4, 4 and pulses (peak: 160kPa [23psi]; peak-to -
30 kHz. The subjects were a | peak: 226 dB re: 1 yPa). The threshold
harbor porpoise and a returned at +2 dB of the pre-exposure
beluga. value after 4 minutes of exposure. No
TTS was observed in the porpoise in
maximum exposure condifions (peak:
207 kPa [30psi]; peak-to-peak: 228 dB
re: 1 yPa: SEL: 188 dB re: 1 yPas).
These studies show that in order to
induce TTS in very short pulses, higher
sound pressures than the ones
observed for longer tones are
required.
Boftlenose | Study TTS in 5 dolphins and | The dolphins began to demonstrate Ridgeway et
dolphin two belugas choosing measurable TTS as of received levels al. 1997
fones of 1 sat 3, 10, 20 and | from 192-201 dB re 1pPa, depending
75 kHz. on frequencies and individuals. One
beluga did not show TTS af the
maximum studied level (201 dB rel
uPa), while the other showed a TTS at
alevel of 198 dBrel yPa.
Carry out controlled Active and mid frequency sonar can | Mooney et
experimental studies fo induce TTS in harbor porpoises al. 2009
witness the effects of sonar | following repeated exposure to
in mid frequency. infense sonar pings with a SEL total of
214 dB re1 yPa3s. Light alterations
were also observed in behavior
associated to the exposures.
Measure TTS in 5 dolphins At frequencies of 3 kHz, 10 kHz and 20 | Schlundt et
and two belugas exposed | kHz, the SPL’s necessary to induce TTS | al. 2000
to pure tones of 1 second were 192 to 201 dB re at 1uPa, (SEL:
(non- pulsed). 192 to 201 dB re 1 yPas), with an
Also include the data average 195dBre: 1 yPa (195 dBre: 1
analysis of TTS from uPa2s). At 0.4 kHz no subjects
Ridgeway et al.’s demonstrated any changes to
technical report 1997. exposures of 193 dBre: 1 uPa SPL, (193
dBre: 1 yPa?s SEL). The data at 75 kHz
were not conclusive: a dolphin
exhibited a TTS after an exposure of
182 dB SPLre: 1 uPa (182 dBre: 1
uPa2s) but not to superior levels.
Another dolphin did not manifest TTS
aftfer maximum SPL levels of 193 dB re:
1 yPa (193 dBre: 1 yPaZ%). These
changes in threshold occurred more
frequently af frequencies above
stimulus fafigue.
Bottlenose | Measure TTS in dolphins One dolphin showed a light TTS (3-6 Finneran et
dolphin exposed to sounds of 3 kHz | dB) following SEL exposure of 190 to al. 2005a

with 1, 2, 4, 8 second
durations and various SPL
value levels using
behavioral methods. The
swimming pool where the
animals were silent, with

204 dB re: 1 yPa2s. The SPL values that
generally caused TTS tended to
diminish with the increase in exposure
duration while SEL level values
necessary to induce TTS were fairly
consistent over all the range of
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ambient noise levels below
55 dBre 1 uPa/Hz at
frequencies above 1 kHz.

exposure length times. The TTS
magnitude correlated more with the
SEL exposure than the SPL.

Study the increase of TTS The maximum SEL that produced a Schlundt et
and the recovery of a TIS 4 de ~23 dBre 1 yPa was from 217 | al. 2006
bottlenose dolphin dBre 1 yPa 3. All thresholds
exposed to tones of 3 kHz recovered in the first 24 hours, the
with SPL's of up to 200 dB majority in the first 30 minutes. The
re 1 yPa and time growth of TTS 4 with an incremental
durations up to 128 s. SEL exposure was ~1 dB TTS for dB SEL
for TT1S 4 of ~15 1o 18 dB.
Measure TTS in a porpoise The auditory loss was frequency Finneran et
following single and dependent with greater TTS at 30 kHz, | al. 2007b
multiple exposures at tones | lesser at 40 kHz and at 20 kHz and
of 20 kHz. The threshold very low or inexistent in the other
levels were estimated in frequencies measured. Threshold
mulfiple frequencies (from | changes reached AEP were 40 to 45
10 to 70 kHz) using dB, always greater with behavioral
behavioral or methods (of which were 19 to 33 dB).
electrophysiological Full recovery needed up to 5 days
methods. 3 experiments with a recovery rate at 20 kHz of ~2
were carried out. The first dB against a rate of 30 and 40 kHz of
fwo with single exposures ~5to 6 dB.
(20 kHz tones of 64 s to 185
and 186 dB re yPa) and
the third with exposures of
16 s to 20 kHz separated
by 11 and 12 min. with an
average SPL of 193 dB re
pPa (SD = 0.8 dB).
Measure TTS in a harbor TTS was found between 4 to 8 dB Nachtigall et
porpoise using AEP after 30 | affer almost 50 minutes exposure with | al. 2004
min. exposure fo a a cenftral frequency of 7.5 kHz (max.
fatiguing noise in a low 160 dB re: 1yPa SEL ~193 to 195 dB re:
frequency octave. puPa2s). Maximum TTS was reached 5
minutes after exposure with a
recovery rate of some 1.5 dB on
duplicating the time. TTS occurred in
frequencies of 8 to 16 kHz, with a
maximum of 16 kHz.
Monitor and study TTS in After 30 minutes of exposure the Au et al.
the hearing of a harbor animal displayed a TTS of 12 to 18 dB 1999
porpoise at 7.5 kHz. when the stimulus was 96 dB above
the animal’s hearing threshold at that
frequency.
Harbor Calculate the TTS in harbor | It was calculated that the harbor Taylor et al.
porpoise porpoise. porpoise can suffer severe distress 1997
and TTS in T km from an AHD using
fishing nefts. Injuries and auditory
lesions could occur within 7 meters
distance from this device. This is most
worrying since these devices can be
set and activated aft full power,
manually or by a sensor network.
Calculate theoretical TTS These theoretical TTS zones af 1 km Thomsen et
zones depending on from the hearing range are less than al. 2006
frequency in relation to 80 km.
pile driver noises used in
wind farms, of 1.5 MW
(wideband SL peak=228
dBO-P re pyPa ref 1m/206 dB
re ypPa3 ref 1m).
Porpoises Calculate theoretical An auditory zone was determined in Madsen et
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and harbor | hearing range zones in relation to the pile driver zone of less al. 2006a
seals relation to wind farm pile than 100 km and possibly up to 1000

driving in an exercise km for porpoises and harbor seals.

similar to the previous.
Killer whale | Model the wideband The zones with audible levels, of Erbe 2002

sounds produced by a
whale watching zodiac
with motors of 150 hp with
received levels of 120
dBrmsre 1 yPa at 1 m.in
order to calculate

masking, with behavioral changes, TTS
(5 dB after 30 to 50 min. exposure)
and PTS (2 to 5 dB, 8 hours/day, 5
days/week during 50 years) were
1600, 1400, 200, 450 and 1000 m.
respectively.

potential auditory
damage zones.

6.3. Behavioral effects

The behavioral change responses to noise are complex and still not fully known#’. It may
be that they are conditioned by certain factors such as auditory sensitivity, behavioral
state, habit or desensitization, age, sex, presence of young, proximity fo exposure and
distance from the coastss.

Short term reactions to man-made sounds on cetaceans include sudden dives, fleeing
from sound sources, vocal behavioral change, shorter surfacing intervals with increased
respiration, attempts to protect the young, increased swim speed and abandonment
of the polluted area?’. In general, cetaceans are more susceptible to a specific noise
when it is new or when its intensity is increased?. The reaction thresholds also tend to be
smaller for continuous than for short-term?1, and less for moving or erratic signals than for
static ones?2. The most commonly seen effect of noise on cetaceans, and probably the
most difficult to evaluate, long term, is “alteration”?s.

Little is known with respect to the long term effects on behavioral changes in individuals
or populations. Nevertheless, it is possible to confirm that the disruption of feeding
activity, reproduction, migration or caring for the young induced by noise, can
precipitate a reduction in successful reproduction, chance of survival in the young and
a reduction in food intake. These detrimental impacts will be more severe in cases
where cetaceans have been displaced (permanently or temporarily) from important
breeding and feeding zones.

There is an ample volume of scientific literature? that describes behavioral change in
cetaceans due to recreational boat noise, industrial maritime fraffic activities, seismic
surveys, oceanographic tests, sonar, acoustic hardware, airplanes and explosions.

In addition, there are numerous documented cases of cetaceans abandoning areas
that have been subjected to high levels of noise. The displacement of bottlenose
dolphin?, harbor porpoise?s, beluga’ and sperm whale? populations associated with
seismic surveys and maritime traffic have all been well documented. Humpback

8 Richardson et al. 1995b

8 Richardson and Wirsig 1997; Ketten and Finneran 2004; Richardson and Tyack 2004
8 See table 6

% Edds and Macfarlane 1987

" Richardson 1997

%2 \Watkins 1986; Edds and Macfarlane 1987
% Disturbance

% See table 6

% Evans et al. 1993

% Evan et al. 1994

 Finley et al. 1990

% Mate et al. 1994
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whales?”?, blue whales'% , grey whales'o' and Bowhead whales'02 have all abandoned
areas in reaction to shipping activity, aircraft and industrial activities including dredging.
The direct consequence of group displacement of cetacean populations is unknown.
Regardless, it is conceivable that this displacement from coastal area breeding
grounds and nursery areas!% will have a deleterious impact on survival and growth of
the population group.

Depending on the acoustic sensitivities of the species studied, they will react in a
distinct way to acoustic sources of different characteristics:

o Low frequency cetaceans'o4, At present, there are studies on a
moderate number of species and experimental conditions. From these
studies we can cite the case of Bowhead whales, which, during
migration, began to show signs of “alteration” in behavior as a result of
compressed air guns used in a seismic survey at received levels 120 dB re
1uPal!%, Other species studied (including Bowhead whales that were not
migrating) began to show signs af received levels around 140 to 160 dB
re 1 yPa'®é or higher'’ for sound sources of the same nature. When these
species were exposed to sources of industrial sonar, fopographic or
research'® origin, the results indicated that there was no response (or a
very limited one) in received levels of 90 dB to 120 dB re TuPa, increasing
the probability of evasion and other behavioral effects at levels 122-160
dB re TuPa. As we can see, these facts also indicate a considerable
variability in received levels associated with the behavioral responses.
Other variables such as the proximity to the source, its novelty or the
operational characteristics, seem to have less influence on the type and
strength of the response!%?,

) Mid frequency cetaceans!0. Responses of cetaceans sensifive to
medium frequencies have been documented against emission sources
such as ships!!!, acoustic hardware!2, industrial activities!3, mid
frequency active sonar!4 and seismic survey!!s, These studies have not
attained clear conclusions on the coincidence on received levels and
behavioral responses. For example, cases have shown severe behavioral
responses to exposure of between 90 and 120 dB re 1uPa in some
individuals while others did not demonstrate these responses, not even
at received levels of 120 to 150 dB re 1uPa. It seems that these response

% Glockner-Ferrari and Ferrari 1985: Green 1991

100 Macfarlane 1981 in Gordon and Moscrop 1996

19" Bryant et al. 1984; Reeves 1997, in Richardson et al. 1995b

192 Richardson et al. 1997

93 Reeves 1997: Glockner-Ferrari and Ferrari 1985: Green 1991

104 See table 2

1% Richardson et al. 1995

1% Malme et al. 1993, 1994, 1995, 1996, 1998 ; Richardson et al. 1986 ; Richardson and Malme
1993 ; Richardson 1998 ; Ljungblad et al. 1988 ; Todd et al. 1996 ; McCauley et al. 1998, 1999,
2000 ; Brownell 2004 ; Gordon et al. 2004

97 Miller et al. 2005

1% Baker et al. 1982; Malme et al. 1983, 1984, 1986; Richardson et al. 1990 ; McCauley et al. 1996 ;
Biassoni et al. 2000 ; Croll et al. 2001 ; Palka and Hammond 2001 ; Nowacek et al. 2004

109 Southall et al. 2007

"0 See table 2

" LGL and Greeneridge 1986; Gordon et al. 1992; Palka and Hammond 2001, Buckstaff 2004,
Morisaka et al. 2005

"2 Watkins and Schevill 1975; Morton and Symonds 2002; Monteiro-Neto et al. 2004

13 Awbrey and Stewart 1983; Richardson et al. 1990

"4 NRL 2004a, 2004b; NMFS 2005

"% Madsen and Mghl 2000; Madsen et al. 2002
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variations can be explained by differences between species and
individuals more than by received levels'é. Notable reaction differences
between animals in the wild and those in captivity have been detected;
the latter normally exceed 170 dB re 1uPa before inducing a behavioral
response. Some sperm whales exposed to artificial sources of 190 dB re
1uPa ignored them following an initial reaction to flee, this was most
likely due to the need to remain in acoustic contact with the rest of their
group'7,

High frequency cetaceans!’, Research studies have been carried out
on the reaction of cetaceans that possess greater sensitivity to higher
frequencies from various acoustic hardware devices in both natural''?
settings and in captivity!'2. One of the conclusions that was arrived at
refers, for example, to the fact that harbor porpoises are most sensitive
tfo a wide range of man-made sounds and very low exposure levels (90
to 120 dB re 1uPa), at least in initial exposures. All recorded exposures
that exceeded 140 dB re 1uPa induced evasive behavior in wild
porpoises. The inuring to sound exposure was observed in some studies
but not in all of them. It is possible that very strong initial reactions to
relatively low levels might diminish in some conditions of repeated
exposure, and with experience the subject!2! becomes “accustomed”
fo them.

6 Southall et al. 2007
"7 André, M., Terrada, M., Watanabe, Y. Sperm whale behavioral response after the playback of
artificial sounds. Rep. International Whale Commission, Volume 47, pages 499 to 504, 1997

"8 See table 2

"9 Culik et al. 2001; Olesiuk et al. 2002; Johnston 2002
120 Kastelein et al. 1997, 2000, 2005, 2006
21 Southall et al. 2007
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Table 6. Summary of relevant articles on behavioral change

due to man-made noise carried out on cetaceans!22,

Species Experiment objectives Results and conclusions Source
Various Evidence of alteration due Moving among cetaceans on Schevill 1968
cetacean o ships. aresearch vessel in total
species silence without alterations,
concluding that the majority of
reactions to vessels are a result
of noise emissions, more than
the vessel's physical presence.
Blue whale Evidence of alteration due Erratic and rapid approaches Macfarlane
fo ships. of boats near blue whales 1981 (in
provoked flee reactions, Gordon and
separation of pairs, shorter Moscrop, 1996)
respiration rnythms and
displacement.
Evidence of alteration from | The blue whale beganits song | McDonald et
seismic surveys. The sequence when the boat in al. 1995
acoustic tracking of a blue question was at a distance of
whale during the execution | 15 km and it approached the
of a seismic operation boat until 10 km (where a
involving compressed air reception level of 143 dB re
guns producing pulses at uPa was estimated). After a
215 dBre yPa at Im (band: | moment of silence, the whale
10 to 60 kHz). began a new series of songs
and moved diagonally away.
Blue whale Evidence of alteration due Short term flee reactions in blue | Edds y

and fin whale

to ships.

whales and fin whales in
response to shipping in the
Saint Lawrence estuary
particularly if boats moved
quickly or errafically.

Mcfarlane 1987

Blue whale, fin | Evidence of alteration by No obvious responses were Clarke et al.
whale and sonar. A series of playback observed during feeding. 1998
grey whale experiments were carried However, a decrease in a
out to evaluate the impact | number of whales which
of SURTASS LFA at SPLlevels | produced long-sequence
not greater than 160 dBre 1 | sound patterns was noted.
pPa. Deviation’s in migratory
frajectory was observed during
playback.
Basking or Evidence of alteration from | Estimated received levels were | Nowacek et al.
glacial acoustic hardware devices. | from 148 dBre 1 uPa/sgrt (Hz). 2001

Northern Right
whale

The warning signal device
used emitted pure tones of
1000 Hz and modulated
amplitude tones and
descending sweeps.

5 or 6 individuals swam
upwards and mainfained a
depth of some 5m below the
surface.

Grey whale

Evidence of alteration by
ships

Grey whales in San Diego bay
responded to noise by

Reeves 1977 (in
Richardson et

abandoning nursery areas, al. 1995b)
only returning after shipping
decreased.
Evidence of alteration by Grey whales abandoned lake Bryant et al.
ships ‘Guerrero Negro' over a period | 1984 (in

of various years whilst the bay
was subjected to human

Gordon and
Moscrop 1996)

122 Unless specified dB as it appears will refer to dB re 1uPa at 1 m. SURTASS, sonar sweeping
surveillance sensors of the US Navy; LFA, low frequency sonar; SPL, Source Pressure Level; ATOC
(Acoustic Thermometry of Ocean Climate); ADD (Acoustic Deterrent Device); AHD (Acoustic
Harassment Device); p-p (peak-to-peak). Information from Perry et al. 1998 and Nowacek 2007
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activities (intense shipping
traffic and dredging). Once
this diminished the whales
returned.

Evidence of alteration by Oil exploration playback noises | Malme et al.
industrial activities were broadcasted underwater | 1983; 1984 (in

as 3500 grey whales were Richardson et

passing. Evasive responses al. 1995b)

began around the received

wideband level of 110 dBre 1

pPa and the responses

increased in measure fo the

increasing levels. More than

80% of the whales showed

evasive responses at received

levels of over 130 dB re 1 yPa.
Evidence of alteration by 10% of the grey whales showed | Malme et al.
seismic survey. Air gun evasive behavior in received 1983; 1984 (in
arrays with 65.54 L wideband levels of 164 dB re 1 Richardson et
compressed air. uPa, 50% at 170 dB re 1 yPa al. 1995b)

and 90% at 180 dB re 1 pPa.

The whales moved from a

wavier shallow zone to an area

of sound protection between

rocks.
Evidence of alteration by Three simulated passes per Malme et al.
aircraft. Grey whales minute provoked evasive 1984 (in
reaction to helicopter responses in 50% of the whales | Richardson et
playback noises was in received wideband levels of | al. 1997)

observed (excluding low
frequency components).

120 dBre 1 pyPa.

Bowhead
whale

Evidence of alteration by
ships

The whales swam quickly to
flee the ships located at 0.8-3.4
km distance, with less surface
and diving time spent. The
whales were dispersed with an
average distance between
animals that increased from
7.5-37 individuals; this effect
lasted for less than an hour.

Richardson et
al. 1985

Evidence of alteration from
industrial activities.
Comparison of Bowhead
whale distribution and
industrial activity in the
Beaufort sea, Canada.

It is thought that since 1980, a
decrease in numbers of
Bowhead whales has occurred
in the Beaufort Sea, due to the
accumulation of industrial
activity which began in 1976.
The effects on the changing
distribution of Zooplankton and
other environmental factors
are not known.

Richardson et
al. 1987

Evidence of alteration from
industrial activities.

Playback studies found that
the majority of whales avoided
drill ships or wideband
dredging noises (20-1000Hz)
with received levels of 115 dB
re 1 yPa, levels that can be
found from between 3-11 Km
from said machinery. This shows
a threshold response of 110 dB
re 1 yPain the 1/3 octave
band where the industrial noise
is most prominent. The whales
could endure higher intensity

Richardson et
al. 1990
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sounds if their only migratory
route, obliges a nearby
approach to the emission’s
source (Richardson and
Greene 1993).

Evidence of alteration from
seismic surveys.

The whales swam rapidly,
fleeing from a ship engaged in
seismic surveys at a distant 24
km.

Koski y Johnson
1987 (in
Richardson et
al. 1995b)

Evidence of alteration from
seismic surveys.

A change in behavior began
at more than 8 km from the
source, with received levels of
142-157 dBre 1 yPa.

Ljungblad et al.
1988

Evidence of alteration from
seismic surveys.

Subtle changes were noted in
surfacing behavior, breathing
and diving cycles in response
to boats carrying out seismic
surveys, indicating, that the
absence of conspicuous
responses did not prove an
animal had not been affected.

Richardson et
al. 1985

Evidence of alteration by
seismic surveys.

Whales behaving normally
were observed at 6 km from
the ships when estimated
received levels were at 158 dB
re TyPa.

Richardson et
al. 1986

Evidence of alteration by
airplanes.

Flee responses in whales when
an aircraft approached and
flew in circles around or below
305 m. above see level.

Richardson et
al. 1985

Evidence of alteration by
airplanes.

Whales reacted less to passing
aircraftf when they were
actively occupied in feeding,
during social activities and
when resting.

Richardson et
al. 1995a

Evidence of alteration by
airplanes.

Received levels were 114 dBrms
re 1 yPa at 1 m. to 3 m. depth
and of 120 dB at 18 m. depth.
Short and abrupt dives, moving
away from the sound source
were observed.

Patenaude et
al. 2002

Belugas

Evidence of alteration by
ships. Belugas in the Saint
Lawrence estuary were
monitored during and after
exposure to motor boat
and ferry noise.

Reaction fo the approaching
boats included a reduction in
the diversity and rates of
vocalization and the repetition
of specific vocalizations in the
first km. In the first 300 m., the
belugas changed the peak
frequency of their signals from
3.5 kHz to 5.2-8.8 kHz.

Lesage et al.
1993

Evidence of alteration by
ships.

Reactions of elusion to the
playback of ship noise at levels
which were believed to be
hardly perceptible. It was
concluded that the belugas
seemed to be more influenced
by the habitat and by activity
aft the moment of alteration
than by the intensity of the
sound.

Stewart et al.
1982

Evidence of alteration by

Altered behaviors were shown

Lawson 2005
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ships.

in swim speed and direction,
changes in immersion patterns,
breeding and surfacing time
and/or changes in vocal
behaviour.

Evidence of alteration by
simulated distant
underwater explosions.

A perturbation threshold was
established at 220 dBp-p re 1
uPa. No TTS was predicted >6
dB above 221 dBp-pre 1 yPa.

Finneran et al.
2000

Belugas and
narwhal

Evidence of alteration by
ships. Reactions of belugas
and narwhals to
icebreakers in the
Canadian Arctic.

The belugas reacted with a
flee response and the narwhals
remained motionless, a typical
response characteristic when
faced with Killer whales. The
belugas avoided the ships that
came within 45 to 60 km., and
appeared fo be conscious of a
ship at 85 km. distance. The
results show that belugas were
aware of boat sounds far
further than predictions based
on threshold levels calculated
in captive animals, placing in
doubt the relevance of these
audiograms in natural
sifuations. Reactions began
when wideband noise levels
from boats (20-100 Hz) were 94
dBre 1 yPa. The belugas
moved up to 80 km. from their
original position in response to
the ship and remained absent
for 1-2 days. The effects on the
narwhal appeared to be
tfemporary, recommencing
their normal activities when the
wideband received levels
were 120 dB re 1 pyPa.

Finneran et al.
2000

Sperm whales

Evidence of alteration by
ships.

The responses observed in
sperm whales faced with ships
included reduced surface
fimes, shorter respiration
intervals and a reduction in the
frequency of "tail” showing
dives.

Gordon et al.
1992

Evidence of alteration by
whale watching ships.

Sperm whales in New Zealand
avoided whale watching ships,
keeping at a distance of 2 km.

Cawthorn 1992

Evidence of alteration by Warning investigations showed | Mate et al.
seismic surveys. that the sperm whales 1994
displaced at a distance of 60
km. from the area in the Gulf of
Mexico where seismic surveys
took place.
Evidence of alteration by Sperm whales ceased Bowles et al.
seismic surveys. vocadlizations in response o 1994
relatively weak seismic pulses
coming from a ship at
hundreds of km’s distance.
Evidence of alteration by Studies in the northern Gulf of Rankin and
seismic surveys. Mexico point fo seismic survey Evans 1998

having a negative impact,
from a communication and
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sense of direction point of
view, in sperm whales, but, no
effects on the distribution of
toothed whales was observed.

Evidence of alteration by
seismic surveys emitting at
210-260 Hz.

It is estimated that levels
animals can receive before
exhibiting acoustic or
behavioral responses, are
from146 dBp-p re 1 yPa.

Madsen et al.
2002

Evidence of alteration by
seismic survey in the Gulf of
Mexico.

Sperm whales in this area have
been exposed to seismic
survey sounds for many years
(Wilson et al. 2006). By means
of visual surveillance and
satellite fracking, the animals
were not withessed to have
shown changes in behavior or
that these changes were
undetectable from this range.

Gordon et al.
2006; Winsor
and Mate 2006

Evidence of alteration by
seismic survey in
experiments of confrolled
exposure with specialized
recorders or DTAG - digital
acoustic recording tag'’s
(Johnson and Tyack, 2003)
attached to the animals.

The animals didn’t
demonstrate any evasive
behaviorin a 1-13 km range
from the source with received
levels of 152-162 dBp-pre 1
pPa (135-147 dBrms re 1 uPq,
115-135re 1 yPa3). While most
of them continued with their
dive patterns, less of these
included the typical tail
showing and with less numbers
of "buzzes".

Miller et al.
2006

Evidence of alteration by
sonar.

The sperm whales reacted to
military sonar at a distance of
20 km or more from the source.
Sonar of 6-28 kHz frequency
caused them to stop vocalizing
and adopt at times, an elusive
behavior from the source.

Watkins et al.
1985; 1993

Evidence of alteration by
acoustic devices.

A plan to ‘chase’ sperm
whales away from Canary
Island ferry routes using
playbacks of a variety of
sounds found that the sperm
whales reacted strongly to a 10
kHz pulse, notably when they
were surfacing for air after a
long dive.

André et al.
1997

Evidence of alteration by

The received levels were from

Madsen and

explosions. <179 dBrmsre 1 yPa at 1 m. No | Mahl 2000
behavioral or acoustic effects
were noticed.
Exposure and acoustic None of the 8 sperm whales Miller et al.
behavior of 8 tagged sperm | changed behavior (7 feeding, | 2009

whales, before, during and

after 5 controlled explosions
with air guns, separated by

1-2 hours.

1 resting) following the initial
‘ramp up' at a distance of 7-13
km, or during the exposures (1-
13 km). The animal closest to
the source was resting during
the experiment, but began o
feed soon after the sound tests
stopped, possible indicating a
delay in the search for food
occurred during the exposure.
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The sperm whales did not
exhibit any flee response to
avoid the source. There was a
6% reduction in “pitch” signals
made and a 19% decrease in
the rate of "buzzes” during
feeding, but the lafter didn’t
turn out to be significant.

Sperm and
pilot whales

Evidence of alteration from
acoustic thermometry. The
Heard Island viability study
fransmitted sound during
one hour, every three hours,
with source levels of 209-220
dBre 1yParef Imat a
depth of 175 m (the
estimated depth of the
deep sound canal near
Heard Island). The central
frequency was 57 kHz with a
wideband maximum of 30
Hz.

Sperm and pilot whale signals
were heard 23% of 1181
minutes of acoustic monitoring
before transmission, but were
absent in 1939 minutes of
monitoring during the
fransmission. The sperm whale
clicks were finally heard 36
hours after the last transmission.
The size of the warning samples
was too small to be able to
estimate changes in the
cetaceans’ densities.

Bowles et al.
1994

Short fin pilot

Evidence of alteration by

Dive times significantly longer

Heimlich-Boran

whale whale watching ships. in response to a large number etal 1994
of whale watching ships in the
Canary Islands. Respiration
patterns finally normalized
although examples of
unusually aggressive behavior
were noted during
observations.
Evidence of alteration by No behavioral changes were Weir 2008
ramp up used as a observed during the initial
mitigation strategy in ramp up period. Nevertheless,
possible air gun sound 10 minutes after the start (air
impact. A group of 15 pilot gun pistol volume of 940cu?)
whales were monitored the nearest subgroup fled
before, during and after a suddenly from the source.
seismic ramp up procedure | Subsequent behavior included
of 30 minutes in a 2-D milling, tail slapping and a 180°
seismic survey in Gabon. change of direction away from
the seismic ship.
Common Evidence of alteration by Evasive reaction of the Gould 1996
dolphin seismic surveys with air gun dolphins in monitored area.
at 80-100 m depth which The received levels were 170
emitted at ; a) 250 Hz, b) 2 (a), 140 (b), 115 (c) and 227 (d)
kHz, c) 10 kHz, d) 20 kHz. The | dBre TuPa/sgrt (Hz). The
dolphins were monitored animals at 5 km from the
before, during and after source exhibited a greater
seismic surveys in the Irish number of vocalizations by
Sea. hour after and during the
surveys. Compressed air guns
of 34,711 were deployed the
smallest of which were arrays
normally used by exploration
companies.
Long fin Evidence of alteration by Received levels were from 140 | Gould and Fish
common seismic exploratfion with air (a) and 90 (b) dBre 1 pyPa/sgrt 1998
dolphins gun emitted at: a) 200 Hz, (Hz). The signal was estimated

b) 20 kHz.

to be clearly audible for
dolphins at a range of 8 km.
The animals 750 m from the
source showed a lower
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proportion (4%) of acoustic
contact during emissions than
when air guns were not in use.

Bottlenose Evidence of alteration by Responses of less surface and Evans et al.
dolphin ships. The sound effects of longer dive times and evasive 1992
motor boats and the movements to ships in 150/200
playback of their sound m. It has been suggested that
were monitored in dolphins | the boats moving fastest but in
in Cardigan Bay. greater silence, caused more
upset to the dolphins than
larger and slower vessels which
emit sound of higher intensity.
As the noise emanating from
high speed boats is greater
than ambient levels for only a
short fime before its maximum
approach, it would provoke a
response due to the fact that
the animals would have been
frightened.
Evidence of alteration by There were a high proportion Buckstaff 2004
recreational craff which of whistles from the dolphins
emifted levels of noise of during and after the exposure.
113-138 dBrms re 1 uPa at 1
m.
Evidence of alteration by Reduction in fime spent on Janik and
whale watching boats. surface in response to a whale | Thompson 1996
watching ship that infended fo
remain close by the group.
Dolphins showed little response
to other boats in the area.
Evidence of alteration by Despite the majority of test Evans et al.
seismic survey. Small groups | samples being too small for 1993
of cetaceans in the Irish Sea | statistical analysis, a significant
were monitored before, diminution of dolphin numbers
during and after seismic in the area during the
survey. exploration was clear,
suggesting that a proportion of
the population had moved out
of the area during this period. It
is not known if these
movements were due to
seismic activity or down to
seasonal movements.
Evidence of alteration by The received levels were 120 Cox et al. 2004
acoustic devices. The ADD dBrms re 1 yPa at
used emitted pulses of 10 approximately 100 m. No
kHz every 4sat 132dBre 1 differences were seen
yPa at Tm. between the maximum
approach distance to the
source when the device was
activated or nof.
Evidence of alteration by An alteration threshold was Finneran et al.
distant simulated established between 196 and 2000
underwater explosions. 209 dBp-p re 1 yPa. No TTS >6
dB was forecast above 221
dBp-pre 1 yPa.
Hectors Evidence of alteration by The maximum estimated level Stone et al.
dolphin acoustic devices. The ADD in the closest approach to the 1997

used emitfted pulses of 10
kHz every 4s at 132dBre 1
yPaat 1 m.

source (552 m) was 86 dBrms re
1 yPa. An evasive response to
the sound source was
withessed.
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Evidence of alteration by
aircraft. Helicopter flew
overhead and produced
tfones of between 10 and
500 Hz and was at 450 m
altitude.

The received levels were of 120
dBrms re 1 yPa at 3 m depth
and 112 dB at 18 m depth.
Short, abrupt dives along with
distancing themselves from the
source were witnessed.

Stone et al.
1997

Indo-Pacific
dolphin

Evidence of alteration by
tourist boats in Zanzibar.

The 5 mother-calf pairs studied
did not exhibit swim pattern
changes where they were few
boatsin the area but showed
a very significant number of
erratic movements when they
were scuba divers in the water.
The proportion of “tail out”
dives increased with the
escalation of human (tourist)
activity.

Stensland and
Berggren 2007

False killer
whale and
Risso’s dolphin

Evidence of alteration by
ATOC. Auditory thresholds in
one grey pilot whale and
one false killer whale in
captivity were measured
with ATOC signal pulses of 1
S

Both species had a relatively
high threshold to sound (139-
142 dB re 1 pyPa), indicating
that these animals would have
to dive to around 400 m depth,
directly under the source, to
detect this sound.

Au et al. 1997

Harbor
porpoise

Evidence of alteration by

The porpoises’ response was fo

Polacek and

ships. avoid the research vessels. Thorpe 1990
Evidence of alteration by The porpoises of the South-East | Evans et al.
ships. Shetland Islands evaded ships 1994

of all sizes, at fimes leaving the
area. It was discovered that
the porpoises had a greater
chance fto avoid the
infrequent passing of ships,
than ships which tfended fo
regularly navigate these
waters, such as the daily ferry.

Evidence of alteration by
industrial activity,
specifically pile driving
during the construction of a
Danish offshore wind farm.

The porpoises exhibited a flee
response of up to 10-20 km
from the source and ceased
vocalizations.

Tougaard et al.
2003, 2005

Evidence of alteration by 3
types of wind turbine
generators in Denmark and
Sweden (Middlegrunden,
Vindeby and Bockstigen-
Valar). Turbine noise was
measured only above the
ambient noise in
frequencies less than 500
Hz.

The total SPL was in the 109-127
dBrms re 1 yParange, ata
distance between 14t0 20 m
from the cement foundations.
The maximum levels of 1/3
octave were in the range of
106-126 dBrms re 1 uPa. The
audibility was low for the
porpoises reaching 20-70 m
away from the base. It appears
improbable that the porpoises
would react to the noise in
behavior unless they were very
close to the cement
foundations.

Tougaard et al.
2009

Evidence of alteration by The porpoises showed evasive Bain and
seismic survey. behavior fowards the source Williams 2006
above received levels of 145
and 155 dBrms re 1 yPa up to 70
km distance.
Evidence of alteration by The animal exhibited constant Lucke et al.
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compressed dir gun.

reactions of aversive behavior
in received SPL above 174 dBp-
pre 1l uyPaorSELof 145dBre 1
uPa3s.

2009

Evidence of alteration by
acoustic devices. 4
experiments were carried
out with different ADD’s: 1)
clicks, tones and sweeps of
17.5 to 140 kHz; 2) tones of
2.5 kHz and 110-131 dB; 3)
110 kHz, 158 dB; 4) 325 kHz,
179 dB.

Received levels were <107
dBrms re 1 yPa at 1 m. An
evasive reaction fo the sound
source was observed growing
in proportion to the levels as
they increased.

Kastelein et al.
1997

Evidence of alteration by
acoustic devices. 3
experiments with different
ADD's were carried out: 1)
pulses of 10 kHz every 4s at
132 dB; 2) pulses of 10 kHz
with a random reduction,
132 dB; 3) sweeps between
2 and 3.5 kHz, 100 dB.

Received levels <124 dBrms re
TuPa at 3.5 kHzin the 1/3
octave. In all cases an evasive
behavioral response to the
sound source was observed
with an increase in respiration
rates.

Kastelein et al.
2000

Evidence of alteration by
acoustic devices. 3
experiments were carried
out with different ADD'’s: 1)
16 tones (constant wide
pulses) between 9 and 15
kHz, 145 dB; 2) as above 1),
but with a random wide
pulses; 3) 0.1s ascending
sweeps at 0.2s descending
sweeps between 20-80 kHz
and 96-118 dB rel pyPa at
m.

Received levels were <138
dBrms re 1 yPa at 1 m at 33 kHz
in the first experiment and of
<140 dBrms rel pPaat T mat 12
kHz in the second and of <90
dBrms re 1 yPa at 1 m at 6 kHz
in the third. In all cases an
evasive behavioral response to
the source was observed with
an increase in respiration rates.

Kastelein et al.
2001

Evidence of alteration by
acoustic devices. The ADD
used emitted sweeps
between 20 and 169 kHz
and at 145 dBrel yPa at 1
m.

The maximum estimated level
in the closest approach to the
source (130 m) was 102 dBrms
reluPa. Evasive behavior to
the sound was observed.

Culik et al. 2001

Evidence of alteration by

The maximum estimated level

Koschinski and

acoustic devices. The ADD in the closest approach to the Culik 1997
used emitted tones of 115 source (130 m) was 72 dBrms
dBrel ypaat 1 mat 2.5 rel yPa at 1 m. Evasive
kHz. behavior to the sound was
observed.
Evidence of alteration by The received levels were of Cox et al. 2001

acoustic devices. The ADD
used emitted pulses of 10
kHz every 4s at 132 dB rel
yPaat 1 m.

118-122 dB re 1yPa rms atf Tm.
The exclusion distance was
reduced in 50% after four days.

Evidence of alteration by
acoustic devices.

Initially the porpoises reacted
vigorously to the sonar pingers
by diminishing vocalizations,
surface times and heartbeat,
entering below normal
bradicardial rate. In the
following test sessions the
animals appeared to get used
fo the noise.

Teimann et al.
2006

Evidence of alteration by

It was estimated that the

Johnston and
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acoustic devices. The ADH animals received levels of 122 Woodley 1998
used emitted at levels of dBrms rel pyPa at the maximum
180-200 dBrel pPa at 1 m. range of influence. A possible

habitat exclusion was

concluded in a high

percentage of locations where

ADH's were used.
Evidence of alteration by The porpoises avoided the Olesiuk et al.
acoustic devices. The ADH sound source. No animals were | 2002

used emitted at levels of
180-200 dB rel yPa at 1 m.

seen in the first 200 m. Levels
were estimated to be <134
dBrms re1 pyPa at 200 m from
the source exclusion zone.

Evidence of alteration by
acoustic devices. The ADH
used emitted at levels of
180 dBrel yPa at 1 m.

The porpoises avoided the
sound source; approaching a
maximum distance of 645 m.
Levels were estimated to be of
125 dBrms rel yPa at 991 m
from the source.

Johnston 2002

Evidence of alteration by
acoustic devices. The ADH
used emitted levels of 180-
200 dBrel yPa at 1 m.

Authors concluded that the
ADH could exclude non- target
species from important
habitats. They estimated levels
greater than 130 dBrms rel uPa
at 1 km from the source of 200
dBrel yPa at Im.

Taylor et al.
1997

Harbor Evidence of alteration by Received levels were <138 Kastelein et al.
porpoise and acoustic devices. The ADD dBrms rel pyPa at 1 m at 33 kHz. | 2006
striped used emitted 16 tones (with | The porpoises showed evasive
dolphin wide pulses and constant behavior towards the source;

intervals) between ? and 15 | however the dolphins showed

kHz and 145 dBrel pyPa at 1 | no reaction.

m.
Harbor Evidence of alteration by The seals that were Jacobs and
porpoise and acoustic devices. The ADH approximately 45 m from the Terhune 2002
harbor seal used emitted at levels of source, received levels of 158-

172 dBrel yPa at Tm. 164 dBrms re1 uPa, avoided the

sound source.

Killer whale Evidence of alteration by The Killer whales were noted to | Williams et al.

whale watching ships,
which were at more than
100 m from the Killer whales
and produced sounds at
100 Hz.

have engaged in movements
in which the trajectory was less
direct and less predictable.

2002

Minke whale,
fin whale,
humpback
and right
whale

Evidence of alteration by
whale watching ships.

The baleen whales gave
variable responses to the boats
off Cape Cod depending on
species and these responses
changed in that time. In
general the white fin whales,
humpbacks and fin whales
seemed to getf used fo the
boats, while the right whale’s
behavior showed no changes.

Watkins 1986

Fin whale

Evidence of alteration by
whale watching ships.

Golf of Maine fin whales
showed a significant reduction
in dive times and a reduction in
a number of breathtaking
while at the surface here
whale watching ships (boats)
were present.

Stone et al.
1992

Humpbacks

Evidence of alteration by

Swimming speed, respiration

Bauer et al.
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ships.

and social behavior of the
humpbacks were affected by
maritime tfraffic, in particular to
the speed, proximity and
numbers of boats. One case
study showed how a calf that
had been frightened by a
large ship, placed itself in
harm’s way in response to the
noise of a smaller motor boat,
that had not provoked any
previous response.

1993

Evidence of alteration by
ships. The response of
humpbacks’ feeding in the
presence of boats was
studied.

At 2-4 km from the boats
responses included shorter
dives, greater gaps between
breaths and increased
swimming speed. At less than 2
km distance responses showed
longer diving, shorter interval
between breaths and slower
swim speed (i.e. the
humpbacks evaded the ships
by staying submerged).

Baker et al.
1982; 1983 (in
Richardson et
al. 1995b)

Evidence of alteration by
ships. The same group of
humpbacks was studied in
their breeding grounds off
Hawaii.

A drop in the number of
mother-calf pairs in shallow
waters when faced with
increased ship and aircraft
activity.

Glockner-
Ferrari and
Ferrari 1985

Evidence of alteration by
ships.

Motorboats towing Para gliders
displaced humpbacks in
coastal Hawaiian waters,
including mother-calf pods.

Green 1991

Evidence of alteration by
commercial (C) and
experimental (E) seismic
surveys.

The received levels were 258
(C) and 227 (E) dBp-p rel uyPa.
Evasion responses were
observed at 160-170 dBp-p rel
uPa for both arrays C and E.

McCauley et
al. 2000

Evidence of alteration by
sonar.

The Hawaiian humpbacks
displayed an evasive response
to sonar pulse playbacks of 3.3
kHz and to sonar sweeps of 3.1-
3.6 kHz. The reaction came
from the similarity between the
sonar signals and sounds that
the humpbacks associated
with threats or warnings.

Maybaum 1993

Evidence of alteration by
sonar. A series of playback
experiences were carried
out to simulate and
evaluate the impact of
SURTASS LFA with
*“fransducers” at a depth of
60-180 m, emitting af 130-
160 Hz (low frequency
component) and at 260-320
Hz (high frequency
component).

The received levels were 130-
150 dBrms rel yPaat T m. A
significantly longer whale song
was heard during exposure to
sounds than either before or
after their emission.

Miller et al.
2000

Evidence of alteration by
sonar. A series of playback
experiences were carried
out to simulate and
evaluate the impact of

The received levels were 130-
150 dBrms re1 pPa at T m. Songs
were longer during the pings
and these effects lasted for af
least 2 hours after the pings.

Fristrup et al.
2003
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SURTASS LFA with
“transducers” at a depth of
60-180 m, emitting at 130-
160 Hz (low frequency
component) and at 260-320
Hz (high frequency
component).

Evidence of alteration by
detonations at 1.8 km
distance, 400 Hz.

The received levels were 140-
153 dBrms rel yPa at 1 m. No
changes in respiration rates
were detected, reactions on
the surface or differences in
the rates of "re-spotting”.

Todd et al.
1996

Evidence of alteration by
ATOC, that emitted a
central frequency of 75 Hz.

The humpbacks found at a
depth of 10-80 m and at 100-
200 m from the source
exhibited longer dives and
distanced themselves further
from the source between
dives. The humpbacks which
were at 8-12 km from the
source showed an increase in
dive time and in distances
between dives with the
estimated received level. Both
situations were estimated to
have received levels of <130
dBrms rel pyParef 1 m.

Frankel and
Clark 1998

Humpbacks
and sperm
whales

Evidence of alteration by
ATOC.

Aerial census carried out over
the central Californian Pacific
showed that humpbacks and
sperm whales were distributed
significantly far from an ATOC
source during an acoustfic
emission.

Calambokidis
et al. 1998

Evidence of alteration by
ATOC

Studies employing low
frequency ATOC playback
sounds have provoked some
responses in humpbacks and
sperm whales.

Gordon et al.
1998a
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6.4. Non-auditory alterations or injuries

In necropsies performed on beaked whales that had atypically stranded in the
Bahamas'23 and the Canary Islands'24, they were found to have had suffered multiple
hemorrhages, particularly in the kidneys, lungs, eyes, oral cavities, peribular tissues and
in the inner ear cranial cavities, tissue surrounding inter-cranial membranes and along
the length of the acoustic fatty tissue (mandibles and peribular sinuses).

Nevertheless, some atypical cases of beaked whale strandings occurred due to
exposure to sound levels inferior to those considered to cause T1S125 or the formation of
bubbles. Acoustic field models of beaked whale strandings (Bahamas Islands 2000)
showed that the affected individuals were probably exposed to levels inferior to 150-
160 dBrms for 50-150 s, however the received levels were certainly far less most of the
fime'2¢, These levels are far lower to those that are suspected to be the cause of
hearing loss in small foothed whales, or to those that are used by some regulatory
authorities as acceptable or safe for use in management guidelines'?’,

There is still no data on the characteristics of the exposures which may cause PTS in
cetaceans. Acoustic trauma indicators are to this day excluded in standard
postmortem protocols'2 and are often difficult to detect implying that the analysis can
disregard important indications on the effect and impact of noise. As a consequence,
until inner ear structures are routinely analyzed, an alternative option to estimate
condifions that may cause PTS would be to combine available TTS data with data on
the increase of TTS from acoustic exposure in land mammails.

6.4.1. Bubble formation. Traumatic injuries caused by accidents

High level shockwave sounds can induce damage to tissue membranes, particularly in
the interfaces between tissue membranes of different densities'??. The acoustic
resonance can also provoke amplification of pressure in mammalian air cavities as a
response to sounds. As marine mammals possess airspaces in their lungs and
gastrointestinal tracts, it is possible that these organs are particularly vulnerable to
damage caused by shockwaves!30,

Obviously, marine mammails situated near large explosions have a high probability of
suffering fatal injury to tissues and organs. In some areas, this must be quite common,
and likely to have significant long term effects on cetacean populations!3!,

Although it has been already accepted that animals willmove away from sources
before sound would reach high enough levels deemed to cause damage, the fact is
that this is not always the case. As studies have shown with two cetaceans that were
kiled when faced with strong industrial noises, no behavioral changes had been
noticed beforehand'sz,

Table 7 shows the results of studies completed to date on the evidence of physiological
effects on the cetaceans due to their inferaction with acoustic sources.

122 NOAA and US Navy 2001; Ketten et al. 2004

24 Fernandez 2004:; Fernandez et al. 2005a,b, Fernandez 2006b
'25 Finneran et al. 2002

'26 Hildebrand et al. 2004; Hildebrand 2005; Balcomb 2006

127 E.g. CCC 2002; NMFS 2000

128 \WC 2004, 2006b

2 Turnpenny and Nedwell 1999

%0 Richardson et al. 1995

¥ Baird et al. 1994

32| ien et al. 1993
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Studies carried out as much in vivo as in theory, relafing to fissue damage in land based
mammals, upholds that the damage threshold is situated in the order of 180-190 dB re1
uPal33, Further research on damage as a consequence of explosions indicates that the
mechanical impact from a short pressure pulse (positive acoustic impulse) is linked to
organ damage'34, For example, pressure peaks of 222 dB re1 uPa have resulted in the
perforation and hemorrhaging of rat intestines'3>. Pressure peaks of 237 dB rel yPa are
known to cause pulmonary contusions, hemorrhages, barotfraumas and gaseous
embolisms in sheep’s arteries with fatal results’3¢, With regard to cetaceans, the cause
of death in 2 humpbacks was attributed to an explosion of almost 5000 kg and, upon
examination, the ears revealed significant trauma from the blast!s7.

Furthermore, when it comes to cetaceans that make deep dives, neuronal irritation,
strandings induced by sonar and related pathology!38, have all been taken into
account.

Deep diving Marine mammals do not appear to have the need for decompression
after having been exposed to such immense pressures, though we are still not aware of
the protective mechanisms they employ to make this possible39.

It has been demonstrated’#0 that 750 Hz sounds could provoke bubbles in bodily fluids
(in vivo cavitation). Research into the possibility that low frequencies modify their
diffusion concluded that bubbles produced continue to grow until they reached their
resonant frequency, i.e. a lower frequency will give a greater amplitude resonance. For
example, a 250 Hz signal will result in the growth of a theoretical bubble up to Tcm.
Such large sized bubbles increase the risk of arterial blockages in average sized
(diameter) arteries.

Even though theoretical models'4! show that the growth of bubbles in a range of
frequencies from 250-1000 Hz requires over saturation and a high level of sound pressure
before large diameters are reached, they will attain capillary diameters (10 um) in a
matter of minutes with sound pressure levels above 190 dB re 1 yPa SPL.

The postmortems of animals stranded after exposure to low frequency sonar in the
Canary Islands in 200242, in 2004143 and in Almeria in 200644 showed syndromes in line
with a fat and gas embolism'45 with symptoms that manifested a certain analogy with
sicknesses associated with decompression in human beings (DSC Syndrome), although
there is no scientific consensus on this subject!4¢. This pathological mechanism could
cause the death of an animal in a short period of time, for example, in a subsequent
severe cardiovascular failure.

138 Cudahy et al. 1999, Cudahy and Elison 2002

% Green and Moore 1995

%5 Bauman et al. 1997

1% Fletcher et al. 1976

37 Ketten et al. 1993

38 Talpalar and Grossman 2005

%% |n the case of humans, sound created bubbles could cause a problem as humans do require
decompression.

40 Ter Haar et al. 1981

T Crum and Mao 1993, 1996

%2 Martin 2002; Martin et al. 2004

43 Espinosa del los Monteros et al 2005; Fernandez 2006b

4 Dalton 2006; Fernandez 2006 a, b

%5 Jepson et al. 2003; Fernandez 2004; Fernandez e tal 2005 a, b; Fernandez 2006b
46 pjantadosi and Thalmann 2004
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6.4.2 Stress

In this context, the term stress is used to describe physiological changes that franspire in
immune (and neuroendocrine) systems following exposure to sound. Stress indicators in
marine mammals have been recorded but physiological responses to stress are sfill not
completely known. For example, dolphins undergo changes in heartbeat rhythm in
response to sound exposure!4. A beluga showed a higher hormonal stress level
(norepinephrine, epinephrine and dopamine) with an increase in exposure levell48,
Prolonged stress brought about by noise may weaken resistance to illnesses and
endocrine imbalances that could affect an animal’s ability to reproduce?.

Stressed mammals normally produce an increased level of the hormone corticotrophin
(ACTH) which activates the secretion of adrenal hormones, such as corticosteroids (e.g.
cortisol) and catecholamine (e.g. adrenaline) from the adrenal cortex, and in fime, the
chronic activation of the adrenal cortex can trigger detrimental physiological effects!®0,
Elevated levels of cortisol, for example, result in a reduction of the white blood cells
essential to a functioning immune system and thus resistance to infections!s!.

Cetaceans reveal stress symptoms much in the same way as other mammals and can
be extremely sensitive to over stimulation of the adrenal cortex!s2. It is therefore highly
feasible that cetaceans living in areas of high density maritime traffic or coastal areas
and affected by relentless high intensity noise are continually at risk from stress related
to that noise.

Certain behaviors of cetaceans show us that they may be undergoing some kind of
stress. For example, in Hawaii, unusual behavior in pilot whales was witnessed!3
seemingly in response to the presence of a large number of whale watching boats.
Although the continued presence of cetaceans in areas of high boat/ship density and
other noise creating activity could mean that some whales can grow used o
anthropogenic noise, it has also been observed that the whales might remain in these
areas despite their upset, for the lack of any alternative that fulfills their vital needs. This
of course will provoke stress!s4,

6.4.3 Reproduction

Very few studies into the effect of noise on reproduction have been carried out, and
the ones that have been effectuated in humans have focused mainly in the area of
vibration, understood as movement of a mechanical system. Physiological examples of
mechanical systems are the brain and organs such as the lungs, heart and skin. The
combination of noise and vibration appears to have had an important effect on
reproduction in rats when compared o the effect of noise alone!ss. It has also been
shown that men exposed to elevated occupational vibrations!>s have higher
oligosperm, azosperm and sperm deformation. Other research suggests that women
who remain in areas of high levels of noise and vibration suffer increased menstrual
irregularities, miscarriages and stillbirths!57.

47 Miksis et al. 2001

48 Romano et al. 2004

49 Geraci and St. Aubin 1980

%0 Seyle 1973

5! Gwazdauksas et al. 1980

2 Thomson and Geraci 1986

%3 Heimlich-Boran et al. 1994

'® Brodie 1981, in Richardson et al. 1995b
%5 Shenaeva 1990

1% penkov et al. 1996

%7 Seidel and Heide 1986; Seidel 1993
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Table 7. Documented evidence of stress and other physiological effects induced by
human activities on cetaceans

Species Experiment objectives Results and conclusions Source
Belugas Study stress produced Blood levels of catecholamine Thomas et al.
(captive) in cetaceans by (adrenaline and noradrenalin) were not | 1990
anthropogenic higher after the experiment or were any
activities. 4 captive significant changes in behavior
belugas were noticed. It was put forward that the
subjected to recorded | captive cetaceans may become used
‘drill platform’ sounds to the noise (low frequency) created by
(source levels of 153 dB | water jets (blasters) and advised
re 1 yParef 1m). caution when applying these results to
belugas in the wild in the absence of
any long term study.
Irrawaddy Find Evidence of Incidental mortality, use of explosives by | Baird et al.
River dolphin | physiological effects fishermen and capture was attributed 1994
on cetaceans by man- | to the loss of dolphin numbers in this
made activities. northeastern part of Cambodia.
Bottlenose Study stress in When the dolphins were chased and Thomson and
dolphin cetaceans provoked captured they showed an elevated Geraci 1986
by man-made level of cortisol associated with the loss
activities. of leucocytes. The animals which
already showed high levels of cortisol
due to their handling did not exhibit
further cortisol increases in response to
injections of ACTH, suggesting that the
adrenal cortex was already stimulated
to the maximum. Two of the dolphins
administered with ACTH died.
Find Evidence of Marine mammals or humans very close | Crum and
physiological effects to low frequency noises with a SPL Mao 1996
produced on above 210 dB re TpPa at 500 Hz,
cetaceans by man- experienced a significant increase of
made activities bubbles in capillaries and other small
blood vessels. The authors suggested
that low intensity noise could induce
the growth of bubbles in bodily fluids
already saturated with gaos.
Study evidence of Some cetaceans make repeated dives | Ridgway and
physiological effects to great depths which could produce Howard 1982;
produced on excessive nitrogen pressure in muscle Ridgway
cetaceans by man- fissues. It is theoretically possible that 1997
made activities intense sounds cause pathologies
associated with the development of
bubbles or ‘aeroembolisms’ in
cetaceans.
Harbor Study evidence of The harbor porpoise may suffer fissue Taylor et al.
porpoise physiological effects damage in the first 7 m from an AHD 1997
produced in
cetaceans
Beaked Necropsies carried out | The stranded animals showed a Jepson et al.,
whales on stranded beaked syndrome of embolisms (fat and gas) 2003;
whales in 2002 and that manifested a certain analogy with | Degollada et
Almeria in 2006 after sicknesses related to decompression in al., 2003 ;
Naval maneuvers humans. Ferndndez,
where mid frequency 2004;
sonar had been in Ferndndez et
operation. al 2004, 2005
aand b;
Ferndndez
2006b
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7. Risk Assesment

7.1 Definition

The nature and possibility of mitigation of many environmental impacts can be
considered within the scope of the fool known as “Risk Framework ". This concept was
developed for its application to health risks in human beings, and with time has come
to be an important tool in conservation risks to wild fauna. The Risk Framework helps to
rationalize the effort in applied scientific research, focusing it on the most sensitive
aspects that need to be addressed in the terms of environmental impacts. The
following Risk Framework applied to the effect of anthropogenic noise on marine
mammals is an adaptation of generic frameworks used for other types of pollution and
risks1s8,

The Risk Framework is applied in a 5 stage analytical process's?, which we will detail
below and that is enunciated as follows: a sound originates from a source, e.g. sonar
fransducer, air gun array (compressed air) for seismic studies, moves through the water
and is converted into an “exposure” (sound received by marine mammails). The
exposure creates an impact in exposed animals (a type and quantity of noise received
by animals which can be expressed in many ways) and the magnitude (strength),
duration and other impact characteristics determine the extent in which the animal is
affected. The model is made up of the following analytical steps:

1. Risk identification: implies the identification of sound sources and the
suspected circumstances where they may present danger, the
quantification of the concentrations found in the environment, a description
of the specific effects of the noise source, and an assessment of the
conditions under which the effect can be expressed in exposed marine
mammals fo be able to determine the cause of injury. Information from this
first step can be extracted from environment monitoring data and other
kinds of experimental work, as is presented in this work. This step is common
to quantitative and qualitative risk assessments.

2. Response Assessment: implies the evaluation of the conditions under which
the effects of sound can manifest themselves in exposed animals with
special emphasis on the quantitative relationship between impact and
response. This step can include an assessment of the variations of the
response, for example; sensitivity differences of individual species, auditory
effects, behavioral effects, non-auditory physiological effects, tfrophic eco-
system effects, population effects, susceptibility in relation to age, sex,
reproductive status and time of year.

3. Exposure Assessment: implies the characteristics of the population that can
be exposed to a danger (including the number and distribution of
cetaceans), identification of the routes along which exposure can take
place, estimating the characteristics (magnitude, duration and schedule) of
the levels that marine mammals might have received as a result of exposure
and the overlap between cetacean signals and sounds, assuaged by the
species’ auditory sensifivity.

4. Risk characterization: implies the integration of information taken from the
first 3 steps with the objective of developing a qualitative or quantitative

%8 NRC 1994
% Boyd et al. 2008
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estimate of the probability that some of the hazards associated with the
sound source may have affected the exposed marine mammals. This is the
step where risk assessment results are posted. The characterization of the risk
should also include a description of the uncertainties associated with risk
valuation.

5. Risk management: includes the design and application of mitigation
measures to reduce, eliminate or rectify the estimated risk of the previous
step. Above identifying priority risks, the scientific community can contribute
to the management of these risks, sharing and assessing information on the
effectiveness of mitigation techniques and strategies that could be used to
reduce risks. The efforts applied to risk management would depend on
whether the danger of injury is biologically significant, if it exceeds the levels
established by law (regulation levels), or if it is generating a rejection in social
perception.

Not all risk assessment needs necessarily embrace the 5 steps described above.
Risk assessment could sometimes consist of, in “simple” cases or in well known
and well documented situations, in the simple valuation of the potential risk that
the anthropogenic noise can represent for marine mammails. Applying the risk
framework to the effects of man-made noise in marine mammails will also assist
in defining the necessary priority issues for investigation, helping to reduce the
scientific uncertainty that still exists. Table 8 and Fig. 2, show in abridged form,
the grade of existing scientific uncertainty with regard to different elements of
the 5 steps of the risk framework described.
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Table 8. Summary of the steps and elements in the Risk Framework of the impact on
anthropogenic sound on marine mammals, with graded expressions to the level of
scientific uncertainty existing for each?60

Risk Framework Research Sub-issues Grade of
uncertainty
Step 1: Risk Sound sources in the Characteristic of natural Moderate
Assessment marine environment sound sources (biological,
non-biological and man-
made)
Abundance and distribution High
of sound sources
Sound fields in marine | Ambient sound fields High
environment
Individual sound field sources | Moderate
Auditory sound detection Moderate
Non-auditory sound sensitivity | Moderate
Steps 2 and 3: Marine mammails as Alteration and abundance of | High
Assessment of the acoustic receptors marine mammails (including
exposure and vertical dose)
response in function Auditory sound detection Moderate
if level (short and Non-auditory sound sensitivity | Moderate
long term) Distribution and abundance | High
of sound sources
Effects of sounds on Physiological effects (e.g. TTS, | Auditory effects:
individuals PTS, stress) moderate
Stress effects:
high
Masking (including High
potentially chronic effects)
Behavioral effects High
Effects on vital functions High
(feeding, reproductive
condition)
Mobility High
Issues related to mass High
strandings of beaked whales
e.g. nifrogen bubbles, tissue
resonance and hypotheses
on multi-focal hemorrhaging
Effects of sound on feeding High
owing to availability of prey
Population effects Changes in fertility rates High
(vitality, fertility, survival)
Accumulated Effects of multiple exposure High
synergetic effects to sound
Effects of sound combined High
with stress
Step 4: Risk Risk impact Overlapping of exposure and | High
characterization effects
Step 5: Risk Methods of Mitigation tools and decisions | High
management preventing or to trigger management

reducing risk

action

1% There is some overlap between the principal research issues in risk assessment. For example,
the distribution and abundance of man-made noise sources is as relevant for the identification of any
danger, as it is an evaluation of the response-dose. Boyd et al. 2008
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Figure 2. Consequences at population level of acoustic alterations. The number of symbols +

shows the relative level of understanding (Boyd et al. 2008)
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7.2. Physical impact criteria

As we have seen, man-made noise can cover a wide selection of frequencies and
sound levels, and the form in which a particular species reacts to the sound will depend
on the range of frequencies it can hear, from sound level to its spectral level. Hearing
sensitivity varies as much as the range of frequencies that can be perceived from one
species to another.

In humans, sound is ultrasonic (i.e. above the human auditory range) above the 20 kHz
mark. However, for many fish, sounds above 1 kHz are already ulfrasounds. For marine
mammals, the greater part of energy from an air gun can be infrasonic, since many of
these species can not perceive sounds below 1 kHz. These considerations show the
importance of bearing in mind the auditory capacity fo evaluate the effect of
underwater noise in marine mammals. The concern with environmental effects that
may come from noise produced by human activities has motivated some authors'é! to
develop and propose the concept of “dBht (species)” (or dB auditory threshold of the
species) as an official metric to assess the effects of noise.

'8 Nedwell and Turnpenny 1998
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The dBht (species) establishes a sound measurement that reflects the auditory
differences between species, passing sound through a filter which reproduces the
auditory capacity of that species. A combination of coefficients is used to define the
behavior of the filter in a manner which corresponds to the way the sharpness of the
species’ hearing varies with frequency. The sound level is measured after the filter; on
this scale, the level is different for each species (this is the reason why the name of the
species is specified), and it corresponds with the probable level of sound perception of
the species in question.

The scale is identifiable to a dB scale where the auditory threshold of the species is used
as a unit of reference. This formulation is identical in concept to the dB (A), scale used
for the quadlification of behavioral effect of noise in humans. In effect, the dB (A) could
be thought of as the “dBht (homo sapiens)”. One of the main benefits of this scale is its
simplicity; one unique number, the dBht (species), can be used to describe the effect
of noise in any particular species.

It is foreseen that the eventual use of the dBht (species) will be to provide “species
sonometers”, which will allow carrying out simple noise measurements in biologically
significant units for those users who are not experts in underwater acoustics.

At present, and as we have also seen, there are many acoustic measurements!é2 that
could be employed to measure the impact of sound on animals. Nevertheless, when
using these measurements, it is impossible to predict without error which impact could
be capable of causing significant injury or alteration in behavior for each species. This is
due to various reasons: inter-specific differences of species, the fact that sound
exposures contain a great variety of temporal patterns and pressure characteristics,
and to the lack of audiograms for all considered species. In particular, the sound
pressure level RMS is inadequate as an autonomous and unique measurement when
evaluating acoustic risks in a transient sound/noise in marine mammails'é3. Impulse
sounds give a maximum peak of higher sound pressure level, but with little energy
content. As physical injury and hearing disability can be caused by sounds
characterized by an elevated pressure peak and by the flow of energy, it is important
that any safe or secure sound exposure limit mention both measurements; the
maximum energy flow and the pressure peak received. This criteria, that we can call
“double criteria” (energy and pressure peak)164, would better reflect the potential of
short pulses of elevated pressure to cause physical damage, as well as, those of high
energy fransient sounds with lower pressure peaks to cause physiological impacts!es,

The “double criteria” approach has also been proposed for alterations to behavior for
single pulses'és.

On the other hand, the pressure criteria for physical impacts can also be defined by
those SPL peaks (sound pressure levels) above which there will be a fissue injury,
independent from the exposure duration. Thus, any simple exposure above this pressure
peak will be considered a potential cause of fissue damage, independent of the
complete exposure’s SPL or SEL.

82 RMS, or SPL peak, SEI, kurtosis

1% Madsen 2005

184 As has been suggested by “the noise exposure criteria group” of the USA (Ketten and Finneran
2004/Noise Exposure Criteria Group)

1% Madsen 2005

166 Richardson and Tyack 2004; see section 6.3.
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Finally, for different exposures that contain intense fransient pressure peaks, the sound
exposure level (SEL) is the measurement (or one of the appropriate measurements), to
estimate the emergence of TTS and to predict its development in humans'é7. This use of
SEL is based on the assumption that equivalent energy sounds will generally have similar
effects on the auditory systems of exposed human subjects, even if they differ in SPL,
duration and/or temporal exposure patterns¢s.

TTS and PTS

As we have come to show in this Document, there are no universally accepted sound
exposure thresholds which adequately reflect the complex physical and environmental
relationships and the biological parameters. In some recommended fexts or even in
national legislations’¢?, values of 120, 140, 160, 180 or 190 dB (for example SPL or RMS)
have been used as a crifical acoustic pressure threshold for specific exposures to noise
and signals. But these threshold values are very controversial, since in the case of some
species, such as beaked whales, atypical strandings have happened after exposure to
sound pressure levels of far lower intensity!70,

Remembering that “PTS” or "Permanent Threshold Shift” means “Permanent change in
auditory threshold” and that “TTS” or “Temporary Threshold Shift” means “Temporary
change in auditory threshold”, one must take for granted that a PTS will appear if the
auditory threshold is increased 240 dB (measured from the first occurrence of a TTS)171,

Until now, TTS measurements in marine mammals have been of a small magnitude
(generally inferior to 10 dB). The occurrence of TTS has been defined as a temporal
elevation of the auditory threshold in 6 dB'72 although smaller auditory threshold
changes have been proved stafistically significant!3. There is solid evidence that signals
of 80 dB above the auditory threshold are generally capable of causing PTS174,

Recently'7s, Southall et al. revised all the possible impacts on marine mammals. They
followed the guidelines of the Marine Mammal Protection Act!7é (USA) with particular
reference to level A (Physical damage) and B (Harassment, see section 6.3.), and they
proposed a series of dual criteria for level A impacts for 3 source categories (single
pulse, multiple pulse and no pulse sources) and for 5 groups of marine organisms within
the cetacean category of “low frequency”, "mid frequency”, and toothed whales
“high frequency” (see Tables 9 and 10).

'*71S0 1990

168 Kryter 1970; Nielsen et al. 1986; Yost 1994; NIOSH 1998

89 HESS 1999:; USDoN of 2001, The Californian Coastal Commission 2002; NMFS 2003;
NMFS/NOAA 2005, IUCN 2006

70 | ow as in the RL model >150-160 dBRMS re 1 pPa; Hildebrand et al. 2004; Hildebrand 2005.
" Southall et al. 2007 used available TTS data on marine mammals and extrapolated, following the
principle of precaution, the protocols on the occurrence of PTS based on land mammal data.

'"2 Schlundt et al. 2000

'3 Kastak et al. 1999; Finneran et al. 2005

7% At least in human and animal experiments, when exposed for a longer period of time. (Gisiner et
al. 1998)

1752007

7% US MMPA
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Despite the dual criteria recommended for level A not yet having been used in
environmental advocacy and norms, Table 9 shows level A criteria that are consistent
with those energy criteria applicable to baleen and toothed whales. The summary of
data in this study indicates the following thresholds (SEL) corresponding to changes in
behavior, TTS and PTS:

- Changes in behavior (Level B): 183 dBre 1 yPa? s
- TTS: 195 dBre 1 pyPa? s
- PTS (Level A): 215dBre 1 yPa? s
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Table 9. Physical injury criteria proposed for cetaceans exposed to “discreet” acoustic
events (simple or multiple exposures in a 24 hours period)77,178

Sound types

Cetacean group Single pulses Multiple pulses No pulses
Low frequency
Sound pressure level 230 dB* 230 dB* 230 dB*
Sound exposure level 198 dB** 198 dB** 215 dB**
Mid frequency
Sound pressure level 230 dB* 230 dB* 230 dB*
Sound exposure level 198 dB** 198 dB** 215 dB**
High frequency
Sound pressure level 230 dB* 230 dB* 230 dB*
Sound exposure level 198 dB** 198 dB** 215 dB**

*dBre 1 yPaat 1 m;** dBrel uPazs

Table 10. Sound types, acoustic characteristics and selected examples of
anthropogenic sound sources!?®

Sound type Acoustic characteristics Examples

Single pulse Individual acoustic event; Individual explosions, sonic
booms, airguns, pile driving,
single pings of certain sonar,
deepwater sounders and

pingers
Multiple pulse Multiple discreet acoustic Series of explosions, airgun
events sequences, pile driving, some

sonar activity (IMAPS), some
deepwater sounding signals

No pulse Individual acoustic events or Ship and aircraft passage,
multiple stationary events drilling, sundry types of
construction or other industrial
operations, some sonar (mid
frequency tactical LFA),
acoustic dissuasive and
deterrent devices, acoustic
thermometry system (ATOC),
some deepwater sounding
signals

"7 For the interpretation of this Table, please refer to Tables 10 and 2.

'"® Southall et al. 2007

7 The types of sound measured are based on characteristics measured at the source. In certain
conditions the sounds classified as pulses in the source can lack these characteristics in distant
receptors (Southall et al. 2007).
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7.3. Criteria for behavioral change

The perturbation criteria of behavior for sound pulses have been typically met at 160 dB
re 1 yPa, principally based on previous observations of baleen whales (mysticetes)
reacting to airgun pulses'®. Nevertheless, this relationship has yet to be met for toothed
whales and other marine organisms. Despite having been in effect in various regulations

and recommendations'®! for more than a decade, these criteria remain controversial
and cannot be thought of as accepted, nor have they been purposefully
implemented.

It is also important to note the observations of short or less profound reactions, or
without sustained/deep responses, or reproduction, survival and growth cycles without
biological relevance . The biological relevance of the behavioral response to the
exposure to noise will depend in part on the length of time it persists (see Table 11).
There are many mammals which carry out vital functions (such as feeding, rest,
navigation and socializing) in their daily 24 hour cycle. Repeated or sustained
disruptions of these functions have a higher probability to have provable effects on
their vital signs than a sporadic or brief perturbation.

Table 11. The scale of severity observed in the behavioral responses of wild and
captive marine mammals exposed to various types of anthropogenic sound!82

Response Corresponding behavior (individuals in wild)** | Corresponding behavior

score* (individuals in captivity)**

O No response No response

1 Short orientation response (visual No response
orientation/research)

2 Moderate or multiple orientation behaviors No negative response observed: may
Brief cessation/minor modification of vocal have appreciated sounds as some new
behavior object
Brief or minor change in respiration rate

3 Prolonged orientation behavior Small changes in response to trained
Individual warning behavior behavior (e.g. delay in returning to initial
Small changes in swimming speed, direction position, intervals between longer tests)
and/or diving but fleeing from sound source
Moderate change in respiration rate
Cessation/lesser modification of vocal
behavior (< duration of source operation)

4 Moderate changes in swimming speed, Moderate changes in response to
direction and/or in diving profile but no fleeing | trained behaviors (e.g. reticence to
from sound sources return to initial position, intervals
Small or brief change in group distribution between longer tests)
Cessation/moderate modification of vocal
behavior (direction= source operation time
span)

5 Consistent or prolonged changes in swimming | Severe and substantial changes in
speed, direction and/or diving profile but no response to trained behaviors (e.g.
fleeing from the sound source splitting from position during
Moderate change in group distribution test/experiment sessions
Change in distance between animals and/or
size of group (aggregate or separate)

Prolonged cessation/modification of vocal
behavior (duration > duration of source
operation fime)

80 Malme et al. 1983, 1984; Richardson et al. 1986
81 Principally in the USA
182 Southall et al 2007

60




6 Moderate or less evasion of individuals and/or | Refusal fo commence trained tasks
groups to sound source

Brief or small separation of mother from
dependent young

Aggressive behavior related to the exposure to
sound (e.g. tail/flipper slapping, opening and
closing of mouth (making noise), abrupt
changes in movement, formation of bubble
clouds

Cessation/modification of vocal behavior
Visibly startled/frightened response

Brief cessation in reproductive behavior

7 Considerable or prolonged aggressive Evasion from experimental situation or
behavior seeking of refuge (< duration of the
Moderate separation between mothers and experiment)
dependant young Menacing behavior or of attack towards
Clear anti-predator response the sound source

Severe sustained evasion to sound source
Moderate reduction in reproductive behavior

8 Obvious aversion and/or progressive Total evasion from acoustic exposition
sensitization area and refusal to carry out frained
Prolonged or severe separation between behaviors for over 24 hours

mothers and dependant young with disruption
of acoustic regrouping mechanisms

Long term evasion from the area (> operation

of the source)

Prolonged cessation of reproductive behavior

9 General panic, fleeing, stampede, attacking Total evasion from acoustic exposition
of congeners, or strandings area and refusal to carry out trained
Evasive behavior related to the presence of behaviors for more than 24 hours
predators

*The scores in severity of the behavioral responses are not necessarily equivalent in conditions of
liberty and captivity

**Any response results in a corresponding score (i.e. one must observe all the members of a group
and their behavioral responses). If multiple responses are given, the highest scoring will be the
one selected for use in the analysis.
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8. Mitigation solutions and management

As already mentioned in this Document, anthropogenic sound sources must be divided
into two categories: those derived from human activity which do not pretend to extract
information from the noise produced, and those which intentionally create noise in the
environment for exploration or the compiling of data.

In the first case, it is possible to compel the promoters of activities that generate noise to
adopt the necessary measures to reduce said levels. In the second case (subsection
3.2.1), until less polluting alternative acoustic technologies are developed, it is not
feasible to block the development of these technologies because of the economic,
energy and strategic interests that they stand for, although one can recommend the
adoption of all of the preventative measures which exist to mitigate the negative
effects associated with the introduction of high intensity sounds into the environment. In
both cases, promoters must be required to adopt adequate follow-up and monitoring
programs, which permit, in the medium term, the improvement of existing information
and improved research.

All cases recommend the identification, in areas of interest, of bioindicator species and
ascertain, based on the auditory sensitivities published in scientific literature, the levels
dBht (species) of those species faced with the infroduction of anthropogenic noise
sources (see section 6.2).

8.1. Reduction in the levels of anthropogenic noise sources

This section does not attempt to give an exhaustive list of noise reduction methods, but
rather offers examples whose application may presume a partial yet significant solution
when it comes to impact of underwater noise.

Construction of quieter oceangoing vessels and the adaptation of existing ones. It is
possible to apply a design to the propellers that reduces cavitation, which is the source
of most of the noise generated by ships. There are techniques to isolate and absorb
sound, such as the isolation based on elastic support’s that can reduce radiated
mechanical energy!83,

Adequate maintenance of ships. It is important to bear in mind that ship noise can be
lessened through good engine maintenance practices, which will not only reduce
mechanical noise but save fuel and increase efficiency. Engine repairs will be fewer
and the ship's passage will be quieter and more comfortable for crew (and/or
passengers) 184,

“Skysail” deployment. The use of what are called Skysails'8 can result in the saving of up
to 35% in fuel costs and cut noise levels accordingly as there is less engine demand. The
skysails are attached to the bow of the ship and harness the wind in assisting the ship’s
propulsion.

Route modification. On occasions, and in cases of necessity to reduce acoustic
pollution in critical areas, maritime fraffic could alter its routes and put a safe distance
between itself and cetacean habitats of biological importance (see Annex V). Another
beneficial outcome will be a reduction in the risk of mammal-ship collisions.

183 Southall 2005
'8 As above.
185 http://skysails.info/index.php?L=1
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Navigation speed moderation. The simple act of cutting the speed in predetermined
areas where ships navigate will lessen the probability of collisions with cetaceans and at
the same fime reduce noise emissions. It has been documented!8¢ that most dangerous
or fatal lesions caused by collisions with cetaceans happen when ships navigate at 14
knots (~26km/h) or more. This measure could be combined with the modification of
routes in specific moments or spaces in Marine Protected Areas (MPA’s).

Bubble screens. Air bubbles in water attenuate underwater sound because they
change the impedance (acoustic resistance) in the medium of propagation and act
as an acoustic mirror. A significant reduction of sound can be obtained without a great
quantity of bubbles. Bubble screens can be effective not only in high and medium
frequencies but also in low frequencies!®’. For example, they can be used to minimize
the effects of underwater explosions in nearby structures'® and have been successfully
experimented with to reduce the sound made during a pile driver operation'®. They
have also been deployed!?° to attenuate high frequency sounds (10-20 kHz) up to
30dB. Bubble screens can be very efficient in reducing narrow band noise adjusting its
resonant frequency (i.e. ifs size to the frequency of interest) and can in fact be
frequency adjusted. Other researchers mentioned bubble curtain tests to reduce the
horizontal propagation of airgun noise and ship propeller noises. Bubble system emitters
around propellers are effective and practical in reducing cavitation noise!?!.
Nevertheless, bubble curtains are not effective in lessening sounds of very low
frequency, such as those produced by large propellers!?2,

8.2. Mitigation of the effects derived from the use of acoustic signals

Charting and vigilance of safe areas. Geographic and seasonal restrictions. The most
effective measures of mitigating the ensonification of species and habitats, particularly
sensitive are geographic and seasonal restrictions. Human activities that produce
acoustic signals (section 3.2.1) can be programmed to avoid areas and/or moments
when/where the most sensitive species of marine mammals or other taxonomic groups
are normally engaged in crucial activities such as mating, nursing, feeding or migrating.
In some specific cases, and on the margin of these activities, the mere presence of
these species in these areas should warrant the implementation of mitigation measures,
for example, in the case of beaked whale habitats and the planned use of mid
frequency military sonar.

Such measures have already been implemented in Spain around the Cabo de Gata
coastline in Almeria. The Environment Ministry and Industry Ministry have set apart a 20
mile safe area limit for cetaceans around Cabo de Gata. This defined limit has been
published in International Nautical Charts'?3. These measures have also been carried
out in other states and fields of application!?4. The IUCN recommends that member
states use their national and international legislation to establish noise restrictions, at

'8 | aist et al. 2001

'¥7 Gisiner et al. 1998

'8 Green et al. 1985

'8 Greene described a test demonstrating a curtain of bubbles around a pile driving operation in
Hong Kong port which resulted in an important attenuation of the noise, including low frequency
components.

' Erbe in Victoria, B.C., Canada

19" Urick 1983

192 Gisiner et al. 1998

1% Tejedor et al. 2007

19 Australia (Environment Australia 2001), Brazil 2004, UK, ASCOBANS 2003, ACCOBAMS 2004,
and in the report of the Scientific Committee of the International Whaling Commission (IWC 2004)
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least in Marine Protected Areas, that in furn will be included in their Management
Plans!?5.

Exclusion or security zones: security zones must be defined in relation to their sound
source position whether or not this is found to be stationary or in motion. The operators
of these activities should be obliged to review the exclusion zone (visually or
acoustically) and to control, anticipate, rethink or delay the activities which produce
sound'?s or to cease them completely!?’ if marine mammals or other sensitive species
enter into the area. The zone radius should be sef relative to the sound source levels
and o sound propagation conditions, which could fluctuate between 500 m and many
kml98.

Ramp up. “Ramp up” is the process involving the gradual increase of sound pressure
level produced by a sound source. “Ramp up” has been used as a mitigation measure
in military and seismic activities and is based on the notion that animals will avoid
sounds which cause them discomfort. In this way, the marine organisms are given the
opportunity to abandon the area before sound pressure levels reach damaging levels.
In the USA, Australia and the UK, “ramp up” has already been recommended for use
with airguns, each time a seismic array is deployed!??. The effectiveness, however, of
the “ramp up” process needs further research as low pressure sound levels often attract
curious animals rather than dissuading them200, Furthermore, complex multipath sound
fransmission can create convergence zones with higher levels at greater distances from
the source?0t; in this case an animal intending to avoid the high sound emissions might
swim directly towards if.

Mitigation measures should consider the cumulative effect of sound sources operating
simultaneously in the zone and the status of particularly sensitive populations.

% JUCN 2004

% MMS 2004, New Zealand, JNCC of 2003, Environment Australia 2001
7 Environment Australia 2001

'8 Environment Australia 2001, IUCN 2006, JNCC 2003, MMS 2004

% MMS 2004, Environment Australia 2001, JNCC 2003

200 1WC 2006 b; McCauley and Hughes 2006

201 Madsen et al. 2005
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8.3. Monitoring and follow-up of activities generating underwater acoustic pollution

Monitoring and follow-up of activities with environmental impact are a generally
accepted necessity and a legal obligation for any type of plan or project in the field of
underwater acoustic pollution. It is therefore of truly vital importance, since the lack of
research that has been mentioned in this Document (and summarized in the Epilogue),
could be alleviated through monitoring systems established in the corresponding
Environmental Impact Declarations, or in the management guidelines of Marine
Protected Areas.

The two basic recommended avenues for monitoring and follow-up would be the
following:

e Vigilance in security and exclusion zones: (understood here as “security and
exclusion zone" — see section 8.2) any marine protected area or other area
which by virtue of its management system or environmental impact declaration
have excluded the possibility to carry out any form of activity that might
generate acoustic pollution undersea. The International Whaling Commission
(IWC) Scientific Committee asks that (a) continued acoustic vigilance in critical
habitats of sufficient temporal and spatial scales, in relation to pre- and post-
seismic activity is performed, (b) independent supervision of critical habitats
(from platforms or ships) is done in order to assess displacement from crifical
habitats and/or the possible behavior alteration of cetaceans in critical
habitats, and (c) efforts are redoubled to address and analyze strandings that
might coincide with this activity?02, In order to control exclusion zones in real time
a variety of systems can be used, including onboard visual observations, aerial
vigilance, and acoustic vigilance203, The latter, acoustic vigilance could be
indispensable in some cases since it has been pointed out204 that the possibility
fo control some species in other ways is very limited, even in small radii. For
example, the probability of making visual contact with beaked whales is 1-2% at
the most, due to their prolonged dives20s, for this species the only available
option open for its monitoring is therefore the use of PAM (passive acoustic
monitoring) in real time. It is important to note that all these methods of control
have their advantages but can also suffer limitations and that their combined
use can compensate for any shortfall. The vigilance of the security and
exclusion zones must be unwavering and permanent.

e Follow-up reports (in the scope of management plans or vigilance program
measures). The elaboration of follow-up reports can help to improve the lack of
knowledge on behavioral reactions and other consequences related to sound
exposure. These reports need not be final or permanent but rather linked to the
activity or project being considered.

With regard to main monitoring and follow-up instruments, we can refer ourselves to:

e Acoustic carfography and modeling. The modeling of populations can be used
in managing endangered species and in predicting impacts and benefits of
possible management options20é, However, caution must be taken when
analyzing and using results taken from the models, notably when data is limited.
Even the simplest of models will generally require more data (and more

202 )\WC 2004

203 pAM, Passive Acoustic Monitoring, André et al. 2008, André 2009
204 Barlow y Gisiner 2006

205 YsS-MMC 2004

26 Mas et al. 2008
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research) than what is available at the moment to have complete confidence
in the model’s predictions. In partficular, population models tend to suffer from
lack of data in demographic rates, spatial distribution, dispersion, management
response, habitat correlations and the magnitude of seasonal variations.
Although physiological and behavioral responses of cetaceans faced with
man-made noise have been identified, assessment of acoustic impacts on
populations demands a greater effort due to the difficulties associated with the
clear identification of the connection between individual behavioral responses
and physiological impacts. It is essential to observe and gauge parameter
changes of cetaceans' populations, taking into account the long time intervals
in which populations changes are manifested in species with long life spans as
the ones we are dealing with207,

e Passive acoustic monitoring (PAM). As we have seen, marine mammals use
acoustic signals intensively in order to communicate, navigate, and detect prey
and predators. As with birds, many species and sub-groups can be identified by
the specific signals they emit. Recording these signals enable us to reveal the
presence of species in zones of interest. As sound propagates extremely
efficiently in water, the range of detection can be far reaching, over 100 km in
favorable conditions for low frequency signals208, This far surpasses the possibility
of visual detection. For this it is necessary to turn to a new methodology called
PAM (passive acoustic monitoring) in which a great deal of research?0? effort
has been spent210 (since 2003 dedicated biennial international workshops have
been set up fo freat this issue)211.

The locating of cetaceans’ sound sources in their habitat began in the early
70's212, This technique was quickly put to use in the tfracking of baleen whales
over great distances?!3. Advances in electronics, Information Technology and
numerical analysis foday grant that this technique (PAM) can be applied with
more cost-effective and accessible technologies, using diverse systems such as,
cabled observatories, observatories connected via radio, drift buoys and arrays
of autonomous recorders?'4. The objective of such passive acoustic monitoring
systems is to chart a continuous map of the presence and distribution of
cetaceans 215 to assess their density2é on occasion in real time217. PAM’s
capacity to efficiently perform these tasks depends on the elaborate
characteristics of the acoustic signals it sets out to detect, on the environment,
on the material used, its display and configuration.

PAM’s performance can differ significantly from one case to the next. Success
will depend on its capacity to isolate desired signals from other acoustic events
and ambient2!8 in which they can be incorporated, especially for distant
sources and of low signal/noise (SNR). The level of the source, the afttenuation of

27 Wintle 2007

298 Eor example, Stafford et al. 1998, Simard et al. 2006 a and b, 2008 a and b
209 Mellinger et al. 2007

2% Delory et al. 2007, Mellinger et al. 2007

2" Desharnais et al. 2004, Adam 2006, Moretti et al. 2008

212 \Watkins and Schevill 1972

213 cummings and Holliday 1985, Clarke et al. 1986

214 Simard et al. 2008b

215 Greene et al. 2004, Simard et al. 2004, Sirovic et al. 2007, Stafford et al. 2007
218 Ko et al. 1986, McDonald and Fox 1999, Clarke and Ellison 2000

217 Thiemann and Porter 2004, André et al. 20092, 2009b, 2009¢, van der Schaar et al. 2009, Zaugg
etal. 2009 aand b

#18 André et al. 2009, Zaugg et al. 2009 a and b
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signal due to propagation, and ambient ocean noise will define the detection
ranges?'?,

Acoustic signals of cetaceans vary considerably in fime and frequencies, from
the infrasonic components of baleen whales to the ultrasonic sonar “clicks”
signals of toothed whales which also vary in amplitude between species and
within the vocal repertoire of same species??0. The ocean also boasts a
considerable noise level and variability in time and space, in response to the
fluctuations of natural sound sources, such as wind, ice, rain or the biological
sounds sent out by diverse organisms, besides anthropogenic sources??!, The
characteristics of the speed of sound in the water column can focus sounds
coming from distant sources in acoustic channels. The 3-D spatial layout of the
sources and hydrophones, and their depth in relation with the acoustic channel
are indeed of great interest for the development of PAM. PAM’s opfimum
configuration can be studied by simulator models?22, Localization can be
favored by the knowledge of precise arrival times223. *Arrival times” are also
affected by some low?224 SNR (Signal to Noise Ratio) and by the multi-trajectory
propagation conditions where direct, reflected and refracted signals
superimpose. The precision of the “arrival times” can be finalized with the
correct synchronization of the antennae?2s,

The Epilogue of this work includes the list of research activities that are urgently required
to cover the wide gaps in the existing scientific knowledge. Even though a good deal
of these activities should be the subject of scientific research agendas, other key areas
could be looked at, even partially, if in the follow-up and mitigation programs setf out in
the Environmental Impact Assessment framework, or in Marine Protected Area
management plans, they will have taken into account some concrete activities which
the promoters and/or managers will be in condition to embrace.

These activities will be as follows:

e Examine stranded individuals in order to detect the acoustic sensitivities
of the different cetacean species through electrophysiological study of
the stranded individuals (auditory evoked potential)

e Postmortem study of the acoustic pathways to determine the possible
injuries, related to artificial sound source exposure

e Comparative postmortem study of the presence of injury in “non-
auditory” organs.

21% 5ee Sirovic et al. 2007, Stafford et al. 2007, Simard et al. 2008b

220 Mellinger et al. 2007

21 NRT 2003

222 Simard et al. 2008b, Gervaise and André 2009

22 gpjesberger and Wahlberg 2002, Spiesberger 2004, 2005, Houegnigan et al. 2009
224 Clark and Ellison 2000, Buaka Muanke and Niezrecki 2007

225 Thode et al. 2006, Sirovic et al. 2007, Gervaise and André 2009

67



9. Anthropogenic noise measurements

As we have shown, even though the acceptance that man-made noise has a
capacity to produce effects in marine mammals?2¢, the current problem facing the
scientific community in attempting to weigh and establish measurements which classify
the types of sounds that produce said effects, is that there are no standardized
measurements for noise, nor any protocols to fulfill them.

This section will attempt to depict what measures are thought to be indispensable for
the characterization of noise sources in the marine environment and the reasons why
these measures should not be bound in one unique value.

Sound pressure levels. The magnitude of sound pressure levels in water are normally
described as sound pressure in a decibel scale (dB) relative to a pressure reference
RMS of TuPa (dB re 1uPa). Decibels are not an intuitive magnitude and the different
references which are used for air, water and the distinct characteristics of the two
mediums, have wrought much confusion in the interpretations of the measurements22.
It is clear that if a decibel sound pressure magnitude does not include any pressure
reference to which it has been calculated it will not be valid, but it is equally important
to specify how the magnitude was quantified. As we have seen throughout this work, in
bioacoustics and sub-aquatic noise studies, “peak-to-peak”, peak measurements,
envelope peak, peak-RMS and RMS measures are often used. For a single impulse
sound (as generated by pile driving or some cetacean clicks) the dB values can vary
by 10 dB or more between these distinct measurements, rendering any comparisons
useless228, For this reason, often enough, the measurements taken for impulse sounds
are inconsistent, incomparable with other values and are of course, therefore exempt
from the scrupulous demands of standardization.

All cases recommend the identification, in areas of interest, of bioindicator species and
ascertain their auditory sensitivity, published in scientific literature, when faced with the
infroduction of anthropogenic noise sources (see section 6.2).

Even though RMS has been used to establish a safe level for marine mammals?2? and is
normally used in estimating the impact of sound in the sea, these methodologies have
been and continue to be rejected as a unique measurement within the scientific
community for their lack of coherence2,

Level of equivalent sound (Leq). The level of equivalent sound is established by splitting
the sound pressure measurements to assess the impact of continuous sound sources
(although variable in time). It is understood as the level of a continuous and constant
source that in a determined period of time, will contain the same energy as the studied
source variant in fime.

This measurement does not take into account the particular events in time but rather
gathers all of them into one single value.

Sound exposure level (SEL): Is understood as the equivalent level of sound (Leq)
normalized in one second and allows the comparing of noise events of different
durations.

226 Richardson 1995

227 Chapman and Ellis 1998
228 Madsen 2005

22% Nedwell et al. 2003

20 Madsen 2005
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Power spectral density. Until now, at no time has the frequency distribution of energy
produced by acoustic sources been spoken of. Nevertheless, to determine the impact
this activity may have on marine fauna, it is fundamental to obtain these types of
measurements. We know that the most potentially damaging impacts on marine
mammals occur as a consequence of signal masking that these produce or by the
temporal or permanent displacement of its auditory threshold. Said effects are
produced whenever there is overlapping between the noise spectrum and signals of
interest or the frequencies that each species may perceive. For this it is important to
specify i) the range of frequencies on which each level has been measured, and ii) the
frequency filters used.

The levels of spectral density (dB re TuPa?/Hz) represent the sound pressure average for
each band of 1 Hz. Levels are offen measured in octave bands (1 octave indicates a
factor of 2 between superior and inferior frequency of the band?3?), but in both land
and sea mammals, 1/3 octave bands are generally used (could be understood as the
sum of the sound power of all the 1Hz bands included in the band being studied). The
reasoning behind this measurement is that the effect of bandwidth for mammals seems
to approach the 1/3 octave22, Weighing up the measurements through 1/3 octaves
could be valid in some cases although one can always extract the results of power
spectral densities with greater resolution. In the case of studying noise emission from any
source, it is important to highlight the multi-tonal nature of any sources with which the
use of high resolution frequencies become fundamental.

If the analyzed signals are continuous sounds or noise, RMS quantification can be used
and in that case the distribution of noise is not taken into account. For impulse sounds,
peak measurements are employed in combination with other measures such as the
energy flux density that takes into account a time window depending on the energy
distribution over time.

Energy flux density is formally defined as the energy fraversing in a tfime interval over a
small area perpendicular to the area of the energy flow, divided by that time interval
and by that area. The energy flux density in acoustics (dB re 1 yPa?s ) is a measure
suitable for impulse sounds that can be approximated by 10 log to the time integral of
the squared pressure over the duration of the pulse under certain assumptions233

For everything exposed and due to the multiple natures of noise sources there is not just
one acoustic measure that will give an indication of a possible impact due to a noise
source. It should be a combination of different measures, depending on the type of
noise analyzed, which would allow a proper discussion on these effects. The specific
measurements to take for each source are currently a matter for discussion in
international forums234 and it is not the aim of this document to constitute a reference in
standard measurements but to point out the possible problems associated with
inappropriate measurement protocols.

231 ANSI/ASA SI. 11-2004 and ANSI SI. 6-1984 Standards (see also ISO 266: 1997)

*%2 Richardson et al. 1995b

2% Madsen, 2005

234 TNO draft report on Measuring Underwater Sound; ANSI/ASA S12.64-2009 Quantities and
Procedures for Description and Measurement of Underwater Sound from Ships; Marine
Strategy Framework Directive, Task Group 11 - indicator of marine energy and noise
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Epilogue; Research needs

The research recommendations (see Table 12) represent a collective vision of the
concentrated efforts that will be required in the coming decades.

Summarized below are highlighted areas of the scientific priorities in urgent need of

development:

e The study of the acoustic sensitivities of cetacean species through
electrophysiological research in stranded individuals (Auditory Evoked

Potentials).

e Postmortem studies into the acoustic reception channels to determine the
injuries that are possibly linked to exposure to artificial sound sources.

e Comparative postmortem study on the presence of injuries and lesions in “non-
acoustic” organs.

e Development of passive acoustic monitoring techniques for the locating and
following, in real fime, of individuals and populations in areas of interest.

e Study of populations: patterns of distribution and behavior in areas of interest.

e Acoustic charting of areas of interest.

e Develop the concept of dB hearing threshold (species), for the definition of
tolerance limits.

¢ Develop astandard protocol for the measurement of acoustic levels.

Table 12. Research recommendations for various necessary areas in order to improve
future criteria for sound exposure in marine mammals (adapted and completed from
Southall et al. 2007; Weilgart 2007).

Research Issue

General description

Necessary critical information

Acoustic
measurements and
relevant sound
sources

Detailed measurements on
source levels, frequency
content and sound field radii
around infense/chronic sound
sources

Exhaustive and calibrated measurements of the
properties of man-made acoustic sources,
including propagation depending on frequency
and the received characteristics in different
environments.

Measurement of
ambient noise

Systematic measurement of
sub-aquatic marine
environment noise necessary to
quantify how human activity
affects them in the acoustic
medium. Real time monitoring
for decision making in the event
of negative impact.

Exhaustive and calibrated measurements of
ambient noise, including spectral, temporal and
directional aspects in different ocean
environments.

Risk assessment
studies

Work on the assessment of risk in
accumulated effects and
synergies from noise and other
exposures to individuals and
populations.

Research on the effects of noise in ecological
and dynamic processes in populations together
with accumulated and synergetic effects from
noise and other environmental stress elements.
In order to obtain in-depth information of
impacts on populations, long term systematic
observations are necessary in known cetacean
populations. Individuals need to be studied
under different noise conditions using ongoing
activities which produce noise to avoid adding
further noise to the environment.

"Absolute” auditory
measurements

Audiometric data in order to
determine the functional
wideband, differences between
species and individuals,
dynamic auditory ranges,
detection of thresholds for
realistic biological stimuli.
Auditory Evoked Potentials.

Behavioral measurements and
electrophysiological confrols of the auditory
sensifivity vs. frequency for more individuals and
species, particularly for high priority species such
as beaked and baleen whales. Detection
thresholds for complex biological signals.
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Analysis of the
auditory scenario

Measurements to determine the
sophisticated perceptive
capacities and processes of
marine mammals that allow
them to detect and find sounds
in complex environments.

Measures of segregating currents, spatial
perception, localization and multidimensional
detection of sources (in individuals habituating
in noisy areas compared with individuals control,
frequency discrimination, temporal resolution
and feedback mechanisms between sound
pressure and the auditory system.

Behavioral
responses of marine
mammals exposed
to sounds

Various methods of
measurement of behavioral
reactions are needed for many
sources of sound including all
the acoustically relevant
contextual variables and
responses.

Observational experiments and exposures
constructed for consideration, not only on the
received level but also the source range,
movement, SNR (signal to noise ratio) and
detailed information on receptors, including the
point of departure behavior (before sound
exposure) and the response during the test.

Effects of sound
exposure on the
hearing of marine
mammals: masking,
PTS and TTS

A confinued and analytical
effort is needed on the effects
of sound exposure on the
hearing of marine mammals as
with the understanding of their
basic acoustic capacities.

Auditory thresholds of masking for single stimulus
in more species and individuals, as with complex
biological signals and realistic masking sources.

Consider directional effects: data compared in
the first appearance of TTS and growth in a
greater number of species and individuals for
anthropogenic pulsed and non pulsed sources;
recuperative functions after one and between
repeated exposures.

Direct rigorous and complete analysis of
stfranded animals, to be conveniently used in
constraints. Stranding networks must be
expanded globally, standardizing postmortem
protocols, with ongoing and continuous
updating and sharing of information and
techniques as they advance to detect acoustic
lesions. (E.g. the analysis of ear pathologies).

Effects on non-
auditory systems in
marine mammals
after exposure to
sound

Physiological measurements are
needed for sharp/chronic
sound exposure conditions to
investigate the effects on non-
auditory systems.

Measurements from various starting points and
conditions of exposure, including saturation
levels of nitrogen, bubble nuclei, the formation
of hemorrhages, embolisms/or lesions, stress
level hormones and cardiovascular responses to
sharp/chronic sound exposure.

Extremely sensitive
species: beaked
whales

Information on this relatively
unknown group to asses their
suscepftibility to certain
anthropogenic sound sources.

Various studies, including measurements and
models related with 1) auditory sensitivity, 2)
diving and vocalization parameters, 3) tissue
properties, 4) formation of gas/fat embolisms
and ifs importance, 5) analysis of the ear
structures in stranded animals, 6) advanced
detection capacity for the locating and
following of beaked whales, 7) behavioral
reactions to various acoustic sources, man-
made and natural.

Definition of
exclusion zones

More research is needed for the
determination of safe areas and
their vigilance (acoustic and
visual monitoring), such as
geographic and seasonal
restrictions on developing
acoustic activity.

To avoid sound exposure in a great number of
cetaceans and other marine organisms, studies
must be carried out in the following areas to:

- identify "hot spots” and "cold spots” or ocean
deserts for marine life where it will be more
adequate for the performance of activities
which produce high sound levels.

- define safe zones around sites where
anthropogenic noise generating activities are
being carried out.
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Annex | — Glossary of terms
Shallow Water; effective for this work, < 200 meters
Deep Water; effective for this work, > 200 meters

Seismic Array; a seismic array is a small extended net with sensors situated in
predetermined positions. The control of an array is simpler than that of a seismic net
since the sensors are spread over a smaller area. It is possible to locate earthquakes
(epicenters) with an array. Data sent by the sensors is gathered and processed by
software in an instant as soon as the shockwaves have been recorded. There is no
need to search for the propagation of the seismic waves in detection stations, since the
moment the shockwave has crossed the arrays sensors, it has been already precisely
located.

Cavitation; phenomenon by which bubbles form where the pressure has fallen below
the fluid's vapor pressure. The collapse of the vapor bubbles that follows, produces
shock waves (noise) which in furn produces a noise with the capacity fo damage
mechanical structures, for which it is generally considered undesirable with particular
regard to ship's propellers.

Decibel; "unit” that expresses the logarithmic dependence relative to a certain value
of reference. Any physical magnitude or any gain or loss can be expressed in dB. In the
case of physical magnitude, the value of reference must be explicitly expressed after
the dB symbol.

Duration; the length of sound measured in seconds. Duration is important as it affects
other sound measurements, particularly “root mean square” and/or RMS. Sound
duration can be difficult to estimate due to reverberation.

Temporary Threshold Shift (TTS); this constitutes a temporal elevation in the auditory
threshold caused by exposure to a sound with full recovery expected after a period of
fime.

Echolocation; an object can be found by means of echolocation which is the emission
of a pulse and the subsequent reception of the resulting echo. The elapsed fime
between the emission and the echo’s reception allows for the calculation of the
distance between the emitting source and the object.

Doppler Effect; named after the Austrian Christian Doppler, consists in the variation of
the wavelength of any type of wave, emitted or received by an object in movement.

Masking; occurs when a noise reduces, partially or fully the audibility of a signal.

Frequency; is the number of oscillations a harmonic wave produces in one second. Its
unit measure is Hz. Any periodic wave can be decomposed in fundamental frequency
component and its multiples.

Hertz (Hz); a Hertz is the unit measurement of frequency. It represents one cycle per
second, “cycle” meaning the repetition of an event. In case of pure tones, the cycle is
the period of the signal. In another periodic signal, the cycle is the period of its
fundamental components.

Peak Sound Pressure (Pmax); is the maximum absolute value of a sound pressure
measured in a fixed interval of time and expressed in Pascal units (Pa).
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Sound Exposure Level (SEL); in order to compare sounds of various kinds and duration,
SEL is defined as the pressure level of a constant wave which, if maintained for 1
second, will generate the same acoustic energy to the receiver as the sound being
studied. It basically deals with a Leq normalized in one second.

Threshold; is the minimum level in which a sound can be perceived.
Source Level; or level of sound emission measured at 1 meter from the source.

Sound Pressure Level (Lp); is defined as 20 times the logarithmic relationship of the
efficient sound pressure with respect to a pressure reference p0, value of 1 y Pain the
case of water.

Leq; is defined as the pressure level of a constant wave, which if maintained during the
same duration as the signal being studied, will generate the same acoustic energy. It is
a comparative measurement between different sounds of the same duration.

Received Level (RL); is the level of the sound emission measured in the receiver.

Non-impulsive sound; basically a stationary sound of a relatively long duration (opposite
fo a short-term sound to a pulse).

Pascal (Pa); is the unit of pressure of the System International (Sl). It is defined as the
pressure exerted of 1 Newton on a surface of 1 square meter. This unit was named in
honor of Blaise Pascal, eminent mathematician, physicist and French philosopher.
(Pressure is named for the magnitude that measures the force exerted over a unit of
surface).

Peak-to-peak; is the algebraic difference between the maximum positive and the
maximum negative of a signal.

Pingers; are emitters of acoustic signals highly bothersome to cetaceans, which are
deployed as acoustic dissuasive devices (ADD) to frighten away cetaceans from
specific areas.

Pulse; basically a transient (short duration) type of sound (opposite to a non impulsive
sound).

Ramp-up; Process consisting of a gradual increase of sound pressure level produced by
a source.

74



Annex Il. List of abbreviations
ACDP; Acoustic Doppler Current Profiler
ACM; Acoustic Current Meter
AEP; Auditory Evoked Potentials
ADD:; Acoustic Deterrent Device
AHD; Acoustic Harassment Device
ATOC; Acoustic Thermometry of Ocean Climate
CMS; Convention of Migratory Species
dB; Decibel
Hz; Hertz
IWC; International Whaling Commission
LFA; Low Frequency Active (SURTASS)
OSHA; Occupational Safety and Health Administration
Pa; Pascal
PAM; Passive Acoustic Monitoring
Pmax; Maximum Sound Pressure
PTS; Permanent Threshold Shift — Permanent hearing loss after auditory threshold
change
RAFOS; Ranging and Fixing of Sound - drift devices periodically emitting from
ocean depths in a high density tone or a continuous signal with duration of 80
seconds or more.

RL; Received Level
SEL; Sound Exposure Level
SPL; Sound Pressure Level

TTS; Temporal Threshold Shift - temporary impairment of hearing
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Annex IV. Areas particularly sensitive on the Spanish coast for the presence of

1.

Name

cetaceans

Internationally Protected Mediterranean Marine Zone

Hectares \ Classification

Characteristics \

Alboran Island 26,457 Natural Park Endemic relevant marine species
Seabeds (Almeria) and threats.
Cabo de Gata-Nijar 49,547 Natural Park Coastal area including a marine
(Almeria) strip with 22 habitats of
community inferest.
Almerian Seabeds 6,313 Natfional Monument Ocean Posidonia
and LIC* (Sea grass beds)
Cliffs de Maro-Cerro 1,815 Natural Park Endemic relevant marine species
Gordo (Granada) and threats, habitats of
community interest.
Mar Menor and 26,000 Natural Park Protected coastal lake and
surroundings (Murcia) Natfural Reserve associated marine coastal strip of
Protected countryside high interest, with endangered
species.
Columbretes Islands 12,306 Natfural Reserve Small islands and seabed with
(Castellon) Marine Reserve important presence of protected
species
Cape Creus 13,886 Natural Park Protected species
(Catalonia)
Cabrera Archipelago | 10,021 National Park (marine Endangered species of flora and
(Balearic Islands) and terrestrial park) fauna, maritime and terrestrial.
Medes Islands 511 Marine Reserve Small islands and seabed of high
(Catalonia) interest for the protection of flora
and fauna.
2. Marine Reserves
Name Designation \

Tabarca Island

Ministerial Order, 4/04/1986

Columbretes Islands Ministerial Order, 15/06/1988
Isla Graciosa and Northern Ministerial Order, 19/04/1990
Lanzarote small islands

Cape Pdlos Islands Hormigas Ministerial Order, 19/05/1995

Cabo de Gata-Nijar

Ministerial Order, 22/06/1995

Punta de la Restinga-Mar de las

Calmas (Isla de El Hierro)

Ministerial Order, 24/01/1996

Alboran Island

Ministerial Order, 31/07/1997 (modified for Ministerial Order

08/09/1998)

Masia Blanca, Tarragona

Ministerial Order, 21/12/1999
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3. Natura 2000 Zones LIC’s Proposed for the Autonomous Communities

Autonomous
Community
Andalusia

in Marine Areas

Number and LIC Code

Proposed Species ‘

Although these have been designated LIC's and Maritime-Terrestrial Public
Domains (some of vital importance for cetaceans such as Alboran Island —
ES6110015 or Straits of Gibraltar — ES6120012, in no case has any file, official

or designated quoted cetaceans).

Ceuta and Melilla

ES6310002

Yellow zone maritime terrestrial of Monte Hacho
(Ceuta) ES 6310001

Yellow zone maritime terrestrial Los cliffs of Aguadu
(Melilla)

Turisops truncatus

(Bottlenose
dolphin)

Asturias

Despite the designated areas (Cape Busto-Luanco and Ria de Ribadesella -
Ria de Tinamayor for Tursiops tfruncatus) appearing in the webpage of the
Principality, there are no areas designated for cetaceans to be found in any

official designation files.

Balearic Islands

ES5310035
North Menorcan marine area

ES5310036
South Citadella marine area

ESO000083
Cabrera Archipelago

ES5310005
Pollenca and Alcudia Bays

ES5310025
Cape Barbaria

ESO000081
Cape Enderrocat-Cape Blanc

ES5310030
Levante Coast

ES0000233
D'Addaia to Albufera

ESO000078
Es Vedra-Vedranell

ES5310023
West Ibiza Islands

ES0000242
Santa Eulalia, Rodona and es Cana Islands

ES5310024
La Mola

ES0000221
Sa Dragonera

ES0000234
Ses Salines lbiza and Formentera

ESO000002
Tagomago

Turisops truncatus
(Bottlenose
dolphin)

Canary Islands

ES7010016
Marine Area La Isleta

ES7010037
Confital Bay

ES7010016
1. Mogan Marine Strip

ES7010035
Sotavendo de Jandia Beach

ES7010022
Sebadales de Corralejo

ES7010020
Sebadales de la Graciosa

ES7010056

Turisops truncatus
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Sebadales de Playa del Ingles (English Beach)

ES7020122
Fuencaliente Strip

ES7020123
Santiago-Valley Gran Rey

ES7020017
Teno-Rasca Marine Strip

ES7020057
Las Calmas Sea
Catalonia ES5140001 Turisops truncatus
Cape Saint Creus
ES5140007
Tarragona Litoral
ES5210007
Cape Creus
ES5120016
Medes Islands-El Montrgi
Galicia ESO000001 Turisops truncatus
Cies Islands
ES1140004 In the designated
Ons O Grove Complex file, Turisops
truncatus and
Phocoena. But, in
the webpage of
the autonomous
government:
phocoena
Delphinus delphis
Globicepala
melas.
ES1110006 In the designated
Humedo de Corrubedo Complex file, Turisops
truncatus and
Phocoena
phocoena. But, in
the webpage of
the autonomous
government:
Delphinus delphis
ES1110005 In the designated
Costa da Morte (Morte Coast) file only Turisops
truncatus but in the
webpage
Delphinus delphis
and Globicephala
melas are
mentioned.
ES1140010 Turisops truncatus
Costa de la Vela and Phoncoena
phocoena.
Murcia There are LIC's designated in the zone of Public Maritime-Terrestrial Domain
but cetacean’s do not appear in any of its files.
Valencia ES5213024 Turisops truncatus
Tabarca
ESO000061

Columbretes Islands
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Annex V. Cetaceans present in Spanish Waters

Note; The table below lists the cetacean species present in Spanish Waters compiled from legal catalogues on endangered species, or “Red
Books” of Endangered Species. Nevertheless, the cetacean species listed in the table are not the only ones present in Spanish Waters. To these
the following should be added: Atlantic Spotted Dolphin, (Stenella frontalis) Tropical Spotted Dolphin, (Stenella attenuata) Rugged Toothed
Dolphin, (Steno bredanensis) Fraser's Dolphin, (Lagenodelfis hosei) Melon Head Dolphin, (Peponocephala electra) False Killer Whale, (Pseudorca
crassidens) Pygmy Killer Whale, (Feresa attenuata) Sowerby’s Beaked Whale, (Mesoplodon bidens) Blainville's Beaked Whale, (Mesoplodon
densirostris) True Beaked Whale, (Mesoplodon mirus) Baird’s Beaked Whale, (Hyperoodon ampullatus) Tropical Fin Whale, (Balaenopetra edeni)
Northern Fin Whale, (Balaenoptera borealis) Blue Whale, (Balaenoptera musculus).

Species (4) Red Books (1) Legal Norms (3)
World Andalusia Balearic EU (2) Status Andalusia Balearic Islands | Canary Islands
Islands
Common Dolphin Endangered | Critical Endangered | Annex IV Vulnerable Vulnerable Vulnerable Special interest
Delphinus delphis threat of (Mediterranean | (Mediterranean
extinction population) population)
Special interest, | Special interest,
Atlantic Atlantic
population population
i
—_— ———
Bottlenose Dolphin Insufficient Under threat | Vulnerable Annex Il and Vulnerable Vulnerable Vulnerable Vulnerable
Tursiops truncatus data of extinction Annex IV
e
R o]
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Striped Dolphin Almost Under threat | Almost Annex |V Special interest | Special interest | Special interest | Special interest
Stenella coeruleoalba threatened | of extinction | threatened
with with
extinction extinction
RS
e e
Long Finned Pilot Whale Not Insufficient | Lesser Annex |V Special interest | Special interest | Special interest | Special interest
Globicephala melas threatened | data concern
e
e
Risso’s Dolphin Insufficient Insufficient | Lesser Annex |V Special interest | Special interest | Special interest | Vulnerable
Grampus griseus data data concern
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Short Finned Pilot Whale Annex |V Vulnerable (the | Special interest Vulnerable
Globicephala population of
macrorhynchus the Canary
S Islands)
; $ Special interest
! . (Atlantic,
’f; {Amir peninsula and
L Y Mediterranean)
:J’U;/E)f ,;!‘-...\.«w"”"rl
Killer Whale Almost Insufficient Annex IV Special interest | Special interest Special interest
Orcinus orca threatened |data
with
extinction
¢ 9°
Harbor Porpoise Vulnerable | Danger of Annex Il and Vulnerable Vulnerable
Phocoena phocoena to extinction | extinction Annex IV
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Sperm Whale Vulnerable Vulnerable | Vulnerable Annex IV Vulnerable Vulnerable Vulnerable Vulnerable
Physeter macrocephalus |to extinction |to extinction
gt

Pygmy Sperm Whale Annex IV Specialinterest | Special interest Special interest
Kogia breviceps
Fin Whale Danger of Almost Almost Annex IV Vulnerable Vulnerable Vulnerable Danger of
Balaenoptera physalus extinction threatened | threatened extinction

with with

extinction extinction
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Minke Whale Almost Almost Annex IV Vulnerable Vulnerable Vulnerable
Balaenoptera threatened | threatened
acutorostrata with with
extinction extinction
¢ &
Sei Whale Danger of Insufficient Annex IV Vulnerable Vulnerable Danger of
Balaenoptera borealis extinction data extinction
g
Blue Whale Annex IV Vulnerable Vulnerable Danger of
Balaenoptera musculus extinction
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Humpback Whale Vulnerable Insufficient Annex |V Sensitive to Sensitive to Special interest
Megaptera novaengliae |to extinction |data change of change of
habitat (all habitat
population, less
those of the
Canary Islands)
Special interest
Northern Right Whale Danger of Critical Annex |V Danger of Danger of Danger of
Eubalaena glacialis extinction danger of extinction extinction extinction
extinction
L4 o
Beaked and Cuvier’s | Insufficient Insufficient | Insufficient Annex IV Special interest
Beaked Whale data data data
Ziphius cavirostris
o EE
—_—
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Legend:

(1). Red Books. Cetaceans not included in the national Red Book of vertebrates

(2). Annex II, from the Habitats Directive, signifies there have been areas designated for these species and special conservation zones,
(Article 4). Annex IV signifies "strict protection” (Article 12 Habitats Directive), i.e. , capture prohibited, sacrifice, alteration,

- especially during reproduction periods, nursing of young, hibernation y migration -, and damage or o destruction of breeding, rest and
Reproduction grounds.

(3)Cataloniais not included as “all cetacean species” found there qualify as “protected species”, not even Gdlicia, where in its
Catalogue only recognizes Bottlenose dolphins (Tursiops truncatus), in the category “Vulnerable". The remaining CCAA coasts do not
Have Catalogues, or do not recognize Cetaceans in them.

(4) Maps in the distribution of this Table are only indicative. The Community of the Canary Islands ought fo be included in them, for in corresponding column,
some classified species appear.
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