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Technical Support Information to the CMS Family

~ Guidelines on Environmental Impact Assessment
 for Marlne Nmse-generatmg ACtIVltIeS

Parties to the Convention on Migratory Species (CMS), the
Agreement on the Conservation of Cetaceans in the Black Sea
Mediterranean Sea and Contiguous Atlantic Area (ACCOBAMS) and
the Agreement on the Conservation of Small Cetaceans of the Baltic,
North East Atlantic, Irish and North Seas (ASCOBANS) have
recognized underwater noise as a major threat to many marine species.
Several resolutions have been passed calling for effective measures to C M S

mitigate and minimize the impact of noise pollution on marine life.
CMS, ACCOBAMS and ASCOBANS decisions also recognize

N
that addressing this issue effectively requires that noise-related /‘\
considerations should be taken into account starting with the planning //ﬁ
stage of activities, especially by making effective use of AL
Environmental Impact Assessments (EIA). The Convention on A CCOBAMS

Biological Diversity Decision XII/23 encourages governments to
require EIAs for noise-generating offshore activities and to combine
acoustic mapping with habitat mapping to identify areas where these
species may be exposed to noise impacts.
A considerable number of national and regional operational
guidelines detail the impacts to be avoided and mitigation measures to
be taken during proposed operations. For the most part, these focus "
on cetaceans. Few guidelines cover other species, and almost none ASCOBANS
has been developed for the specific content that should be provided in
ElAs before approvals and permits are granted.
Thanks to a voluntary contribution from the Principality of
Monaco under the Migratory Species Champions programme, and an
additional contribution from OceanCare, the CMS, ASCOBANS and
ACCOBAMS Secretariats are pleased to have developed guidelines
for Environmental Impact Assessment for noise-generating offshore
industries, providing a clear pathway to implementing the Best
Available Techniques (BAT) and Best Environmental Practice (BEP).

This Technical Support Information to the CMS Family Guidelines on Environmental Impact
Assessment for Marine Noise-generating Activities is structured to stand as one complete
unit or to be used as discrete modules, tailored for national and agreement approaches.

The full document and the stand-alone modules are online at cms.int/guidelines/cms-
family-guidelines-ElAs-marine-noise

The Government of the Principality of Monaco were recognized as Champion for
: their generous support and commitment towards marine species conservation for

i the period 2015-2017. The development of this Technical Support Information to m Gouvernement Princier
" CHAMPION the CMS Family Guidelines on Environmental lmpact Assessment for Marine ztiti SRR ImA T e O NeO
Noise-generating Activities has been funded with the contribution granted by ey el ; 27
Monaco under the Migratory Species Champion Programme.

Guidelines on Environmental Tmpact Assessment has been co-funded by OccanCare ocean j care

The development of this Technical Support Information to the CMS Family ]/



Table of Contents

A T BT S SRR B P AL ST 5 S TR R A A e A T A A S N A 1w ' MRS LYY LA ST 7 W

Page number

Executive Summary 5
A. Sound in Water is Complex 7
A.l. Basic concepts 7
A.2. Necessity of Modelling 9
B. Expert Advice on Specific Species Groups 11
B.1. Inshore Odontocetes 13
B.2. Offshore Odontocetes 16
B.3. Beaked Whales 19
B.4. Mysticetes 22
B.5. Pinnipeds 25
B.6. Polar Bears 28
B.7. Sirenians 30
B.8. Marine and Sea Otters 33
B.9. Marine Turtles 34
B.10. Fin-fish 36
B.11. Elasmobranchs 39
B.12. Marine Invertebrates 42
C. Decompression Stress 46
D. Exposure Levels 50
D.1. Impact of Exposure Levels and Exposure Duration 50
D.2. Species Vulnerabilities 51
E. Marine Noise-generating Activities 54
E.l. Military Sonar 54
E2. Seismic Surveys 54
E.3. Civil High Power Sonar 55
E.4. Coastal and Offshore Construction Works 55
E.5. Offshore Platforms 56
E.6. Playback and Sound Exposure Experiments 56
E.7. Shipping and Vessel Traffic 56
E.8. Pingers 57
E.9. Other Noise-generating Activities 57
F. Related Decisions of Intergovernmental Bodies or Regional Economic Organisations
61
G. Principles of ElAs 66
G.1. The importance of early Strategic Environmental Assessment 66
G.2. Basic Principles of EIAs 67
H. CMS-Listed Species Potentially Impacted by Anthropogenic Marine Noise 70

This document is Revision 1




Executive Summary

The sea is the interconnected system of all the Earth's oceanic
waters, including the five named ‘oceans’ - the Atlantic, Pacific, Indian,
Southern and Arctic Oceans - a connected body of salty water that
covers over 70 percent of the Earth's surface.

This vast environment is home to a broader spectrum of higher
animal taxa than exists on land. Many marine species have yet to be

discovered, and the number known to science is expanding annually. C M S

The sea also provides people with substantial supplies of food, mainly

fish, shellfish and seaweed, in addition to marine resource extraction. It 2

is a shared resource for us all. %\
Levels of anthropogenic marine noise have doubled in some areas o

of the world, every decade, for the past 60 years. When considered in = --//@

addition to the number other anthropogenic threats in the marine ACCOBAMS

environment, increasing noise can be a life-threatening trend for many
marine species.

Marine wildlife rely on sound for vital life functions, including
communication, prey and predator detection, orientation and for sensing
surroundings. While the ocean is certainly a sound-filled environment
and many natural (or biological) sounds are very loud; wildlife is not
adapted to anthropogenic noise. @

Animals exposed to elevated or prolonged anthropogenic noise ASCOBANS
can suffer direct injury and temporary or permanent auditory threshold
shifts. Noise can mask important natural sounds, such as the call of a
mate, the sound made by prey or a predator. They can be displaced from
important habitats. These impacts are experienced by a wide range of
species including fish, crustaceans and cephalopods, pinnipeds (seals,
sea lions and walrus), sirenians (dugong and manatee), seca turtles, the
polar bear, marine otters and cetaceans (whales, dolphins and
porpoises).

The Technical Support Information to the CMS Family Guidelines on Environmental Impact
Assessment for Marine Noise-generating Activities has been developed to present the Best Available
Techniques (BAT) and Best Environmental Practice (BEP). The document is structured to stand as
one complete unit or to be used as discrete modules, tailored for national and agreement approaches.

The modules that follow are structured to cover species area, as follows:
‘Module A: Sound in Water is Complex’ provides an insight into the characteristics
of sound propagation and dispersal. This module is designed to provide decision-
makers with necessary foundation knowledge to interpret the other modules in these
guidelines and any impact assessments that are presented to them for consideration.
‘Module B: Expert Advice on Specific Species Groups’ presents 12 separate
detailed sub-modules covering each of the CMS species groups, focusing on species'
vulnerabilities, habitat considerations, the impact of exposure levels and assessment
criteria.
‘Module C: Decompression Stress’ provides important information on bubble
formation in marine mammals, source of decompression stress, source frequency, level
and duration, and assessment criteria.
‘Module D: Exposure Levels’ presents a summary of the current state of knowledge
about general exposure levels.
‘Module E: Marine Noise-generating Activities’ provides a summary of military
sonar, seismic surveys, civil high-powered sonar, coastal and offshore construction
works, offshore platforms, playback and sound exposure experiments, shipping and
vessel traffic, pingers and other noise-generating activities. Each section presents
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potential for cumulative effects, due to the
coastal exposure of these populations of
inshore odontocetes. The introduction of new
anthropogenic noise should be assessed in
consideration with other already occurring
stressors in their habitat, such as other noise
sources, chemical pollutants, or physical
disturbance, among others.
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current knowledge about sound intensity level, frequency range and the general
characteristics of activities. The information is summarized in a table within the
module.

‘Module F: Related Intergovernmental or Regional Economic
Organisation Decisions’ presents the series of intergovernmental decisions that have
determined the direction for regulation of anthropogenic marine noise.

‘Module G: Principles of EIAs’ establishes basic principles including strategic
environmental assessments, transparency, natural justice, independent peer review,
consultation and burden of proof.

‘Module H: CMS-Listed Species Potentially Impacted by Anthropogenic
Marine Noise’ provides the list of relevant CMS listed as of CMS CoP11.

The Technical Support Information to the CMS Family Guidelines on Environmental Impact
Assessment for Marine Noise-generating Activities is structured to stand as one complete
unit or to be used as discrete modules, tailored for national and agreement approaches.

The complete document and the discrete modules are online at: cms.int/guidelines/cms-
family-guidelines-EIAs-marine-noise




A. Sound in Water is Complex

The ocean environment is filled with
natural sound from animals and physical
processes. Species living in this environment
are adapted to these sounds. Over the past
century, many anthropogenic marine activities
have increased levels of noise. (André et a/
2010, Hildebrand 2009) These modern
anthropogenic noises have the potential for
physical, physiological and behavioural
impacts on marine fauna-mammals, reptiles,
fish and invertebrates. (Southall ef a/ 2007)

The propagation of sound in water is
complex and requires many variables to be
carefully considered before it can be known if
a noise-generating activity is appropriate or
not. It is inappropriate to generalize sound
transmission without fully investigating
propagation.

Often, statements are made in
Environmental Impact Assessments that a
noise-generating activity is ‘X’ distance from
‘Y’ species or habitat, and therefore will have
no impact. In these cases, distance is used as a
proxy for impact but is rarely backed with
scientifically modelled information. (Wright et
al 2013, Prideaux and Prideaux 2015)

The behaviour of sound in the marine
environment is different from sound in air, The
extent and way that sound travels
(propagation) is affected by many factors,
including the frequency of the sound, water
depth and density differences within the water
column that vary with temperature, salinity and
pressure, (Clay and Medwin 1997, Etter 2013,
Lurton 2010, Wagstaff 1981) Seawater is
roughly 800-1,500 times denser than air and
sound travels around five times faster in this
medium. (Lurton 2010) Consequently, a sound
arriving at an animal is subject to propagation
conditions that are complex. (Calambokidis ef
al 2002, Hildebrand 2009, Lurton 2010,
McCauley et al 2000)

To present a defensible Environmental
Impact Assessment for any noise-generating
activity proposal, proponents need to have
‘independent, scientific modelling of sound
propagation’ of the proposed activity in the

Geoff Prideaux
Wild Migration

region and under the conditions they plan to
operate.

Understanding what basic concepts
should be presented is important to assess if
the Environmental Impact Assessment is
defensible and sufficient,

AL._Basic concepts

The study of acoustics is a specialised
and technical field. Professional acousticians
will consider much more complexities beyond
the scope of this paper.

The basic concepts that decision-makers
may need to understand are outlined in a very
simplified form, specifically to be accessible to
a lay-audience.

A.1.1. Elasticity

The speed of sound is not a fixed
numerical value. Sound wave speed varies
widely and depends on the medium, or
material, it is transmitted through, such as
solids, gas or liquids. Sound waves move
through a medium by transferring kinetic
energy from one molecule to the next. (Lurton
2010) Each medium has its own elasticity (or
resistance to molecular deformity). This
elasticity factor affects the sound wave’s
movement significantly. Solid mediums, such
as metal, transmit sound waves extremely fast
because the solid molecules are tightly packed
together, providing only tiny spaces for
vibration. Through this high-elasticity
medium, solid molecules act like small springs
aiding the wave’s movement. The speed of
sound through aluminium, for example, is
around 6,319ms™. Gas, such as air, vibrates at
a slower speed because of larger spaces
between each molecule. This allows greater
deformation and results in lower elasticity.
Sound waves, moving through air at a
temperature of 20°C, will only travel around
342ms™. Liquid molecules, such as seawater,
bond together in a tighter formation compared
with gas molecules. This results in less




deformation, creating a higher elasticity than
gas. Sound waves, moving through the water at
22°C, travel at around 1,484ms™.
(Brekhovskikh and Lysanov 2006, Au and
Hastings 2009, Ross 2013) Temperature also
affects molecules. Molecules move faster
under higher temperatures, transmitting sound
waves more rapidly across the medium.
Conversely, decreasing temperatures cause the
molecules to vibrate at a slower pace,
hindering the sound wave’s movement.
(Brekhovskikh and Lysanov 2006, Au and
Hastings 2009, Ross 2013) The temperature of
seawater at different depths is therefore of
importance to modelling.

A.1.2. Spherical Spreading,
Cylindrical Spreading, Transmission
Loss and Absorption Loss

The way sound propagates is also
important. Spherical spreading is simply sound
leaving a point source in an expanding
spherical shape. As sound waves reach the sea
surface and seafloor, they can no longer
maintain their spherical shape, and they begin
to resemble the shape of an expanding cheese
wheel. This is called cylindrical spreading.

The transmission loss, or the decrease in
the sound intensity levels, happens uniformly
in all directions during spherical transmission.
However, when sound is in a state of
cylindrical transmission, it cannot propagate
uniformly. The sound is effectively contained
between the sea surface and the sea floor,
while the radius still expands uniformly (the
sides of the cheese wheel). The height is now
fixed, and so the sound intensity level
decreases more slowly. (Urick 1983, Au and
Hastings 2009, Lurton 2010, Jensen et al 2011)

In actuality, the seabed is rarely, if ever,
flat and parallel to the sea surface. These
natural variations add extra complexities to
modelling cylindrical spreading. (Lurton 2010,
Jensen ef al 2011)

Absorption is a form of loss that obeys a
different law of variation with range than the
loss due to spreading. It involves a process of
conversion of acoustic energy into heat and
thereby represents a true loss of acoustic
energy where the propagation is taking place.
(Urick 1983) Absorption losses are less for
lower frequencies noise relative to higher
frequency noise; that is lower frequency noise
generally propagates further in the marine
environment.

However, all of these characteristics
must be known to model accurately, as should
the water depth and the rise and fall of the
seabed surrounding it.

A.1.3. Sound Fixing and Ranging
Channels (SOFAR)

As well as spherical and cylindrical
spreading, another variable can impact how far
sound will be transmitted. This is usually
called a Sound Fixing and Ranging Channel
(SOFAR) and is a horizontal layer of water in
the ocean at which depth, the speed of sound is
at its minimum.

The SOFAR channel is created through
the interactive effect of temperature and water
pressure (and, to a smaller extent, salinity).
This occurs because the pressure in the ocean
increases with depth, but the temperature is
more variable, generally falling rapidly in the
main thermocline from the surface to around a
thousand metres deep and then remaining
almost unchanged from there to the ocean
floor. Near the surface, the rapidly falling
temperature causes a decrease in sound speed
(or a negative sound speed gradient). With
increasing depth, the increasing pressure
causes an increase in sound speed (or a
positive sound speed gradient). The depth
where the sound speed is at a minimum is
called the sound channel axis. The speed
gradient above and below the sound channel
axis acts as a lens, bending sound towards the
depth of minimum speed. The portion of sound
that remains within the sound channel
encounters no acoustic loss from the reflection
of the sea surface and seafloor. Because of this
low transmission loss, very long distances can
be obtained from moderate acoustic power.
(Urick 1983, Brekhovskikh and Lysanov 2006,
Lurton 2010, Jensen et al 2011)

A.1.4. Decibels (dB)

The decibel (dB), 1/10th of a Bel, is
used to measure sound level. It is the unit that
will be presented in documentation.

The dB is a logarithmic unit used to
describe a ratio. The ratio may be power,
sound pressure or intensity.

The logarithm of a number is the
exponent to which another fixed value, the
base, must be raised to produce that number.
For example, the logarithm of 1,000 to base 10
is 3, because 1,000 is 10 to the power 3;

1,000 =10 x 10 x 10 = 10°.

More generally, if x =b’, then y is the
logarithm of x to base b, and is written y =
logb(x), so log10 (1,000) = 3. (Au and
Hastings 2009, Jensen ef al 2011, Ross, 2013)

A common mistake made by people
that are unfamiair with the dB scale is to
assume that 10dB is half as loud as 20dB and a
third of 30dB.

To explain, suppose there are two




loudspeakers, the first playing a sound with
power P1, and another playing a louder version
of the same sound with power P2, but
everything else (distance and frequency)
remains the same.

The difference in decibels between the
two is defined as:

10 log (P2/P1) dB where the log
is to base 10.

If the second produces twice as much
power as the first, the difference in dB is:

10 log (P2/P1) = 10 log 2 = 3 dB.

To continue the example, if the second
has 10 times the power of the first, the
difference in dB is:

10 log (P2/P1) =10 log 10 =
10 dB.

If the second has a million times the
power of the first, the difference in dB is:

10 log (P2/P1) = 10 log 1,000,000
=60 dB.

This example shows one feature of
decibel scales that are useful in discussing
sound: they can describe very big ratios using
manageable numbers.

A.1.5. Peak and RMS values

Peak value, as the term implies, is the
point of a sound wave with the greatest
amplitude. Peak values should be provided
with impulsive (also known as plosive,
explosive and pulsive) sounds like seismic air
guns, pile driving, low-frequency sonar and
explosives. (Au and Hastings 2009)

RMS (root mean squared) is the formula
used to calculate the mean of a sound wave
over time. RMS values should be provided
with constant non-impulsive (also known as
non-plosive or continuous) sounds like
shipping propeller and engine noise, oil rig
operations, some mid to high-frequency sonar
and water-based wind turbines, (Au and
Hastings 2009)

This is important to note as attempts to
establish noise thresholds based on one
pressure metric when modelling has utilised
another, will produce errors that can reduce the
effectiveness of any proposed mitigation
measures. For example, noise measured in
RMS can be ~10 dB less than the peak level
and ~16 dB less than the peak-to-peak level.

A.1.6. Phase

Phase can be best described as the
relational alignment with two or more sound
waves over time. Very simplistically, waves
with the same phase will constructively
interfere to produce a wave whose amplitude is
the sum of the two interfering waves, while

two waves which are 180 degrees out of phase
will destructively interfere to cancel each other
out. (Rossing and Fletcher 2013)

A.1.7. MicroPascals (uPa)

The pascal (Pa) is the standard measure
for pressure. Scientists have agreed to use 1
microPascal (1uPa) as the reference pressure
for underwater sound. This figure will usually
be represented at one meter from a noise
source (ie 1uPa @ 1m)

Most anthropogenic sound in the marine
environment is produced across a large area.
Sound measured in the acoustic ‘near-field’
environment tends to be highly variable, and if
the sound is intense, can be physically
impossible to measure.

To overcome this, sound modelling
often makes source level measurements in the
acoustic ‘far-field’ at sufficient distance from
the source that the field has settled down.
Source levels are then calculated back by a
measured or modelled transmission loss to
present a pPa measurement. This can introduce
some assumptions/errors.

A2. Necessity of Modelling

A.2.1. Sound Exposure Level
cumulative (SEL.um)

Sound exposure level (SEL) is an
important parameter when considering the
impact of anthropogenic noise on marine
species. SEL is a measure of the total energy
contained within a noise signature; it depends
on both amplitude of the sound and duration.
This is often normalised to 1 second and is
reported as 1 pPa’,

According to NOAA's paper, Guidance
for Assessing the Effects of Anthropogenic
Sound on Marine Mammal Hearing, (NOAA,
2016) sound exposure level works well for
marine mammals but not well for other marine
species (crustaceans, bivalves, cephalopods,
finned fish, etc) because many non-mammal
marine species detect sound through particle
motion (the organism resonating in sympathy
with the surrounding sound waves) rather than
through a tympanic mechanism as with marine
mammals. A more informed measurement
introduced to modelling is sound exposure
level cumulative (SEL,,,;,) by which a time
component is extended beyond 1 second.
(NOAA, 2016)

NOAA has set a default time of 24
hours for SEL. An alternate prescribed time

P ons




can be applied to SEL.,, if stated. Within the
SEL.,, metric, a reference to sound intensity
level (0 to peak, peak to peak or rms) is not
relevant due to the extended time parameter.
(NOAA, 2016)

A.2.2. Independent, scientific
modelling of sound propagation

These complexities illustrate the
necessity for 'independent, scientific modelling
of sound propagation' of sound propagation
from noise-generating activities. (Urick 1983,
Etter 2013) While noise modelling is common
for land-based anthropogenic noise-producing
activities, it is less common for proposals in
the marine environment. The lack of rigorous
noise modelling in the marine setting needs to
be urgently addressed. (Prideaux and Prideaux
2015)

Independent, scientific modelling of
sound propagation of each noise-generating
activity proposal should be impartially
conducted to provide decision-makers with
credible and defensible information. The
accuracy (i.e. bias) of models of sound
propagation depends heavily on the accuracy
of their inputs. Similarly, quantification of the
precision (i.e. variability) of sound propagation
models is rarely acknowledged but is also
heavily dependent on the precision of the
inputs into these models.

The modelling should provide a clear
indication of sound dispersal characteristics,
informed by local propagation features. (Urick
1983, Etter 2013)

With this information, the acoustic
footprint of the noise-generating activity can
be identified, and informed decisions about
levels of noise propagation can be made.
(Prideaux and Prideaux 2015)
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B. Expert Advice on Specific Species Groups

The sea is the interconnected system of
all the Earth's oceanic waters, including the
five named ‘oceans’ - the Atlantic, Pacific,
Indian, Southern and Arctic Oceans - a
connected body of salty water that covers over
70 percent of the Earth's surface.

This vast environment is home to a
broader spectrum of higher animal taxa than
exists on land. Many marine species have yet
to be discovered, and the number known to
science is expanding annually. The sea also
provides people with substantial supplies of
food, mainly fish, shellfish and seaweed. It is a
shared resource for us all.

Levels of anthropogenic marine noise
have doubled in some areas of the world, every
decade, for the past 60 years. (McDonald and
Hildebrand et a/ 2006, Weilgart 2007) When
considered in addition to the number other
anthropogenic threats in the marine
environment, increasing noise can be a life-
threatening trend for many marine species.

Marine wildlife rely on sound for its
vital life functions, including communication,
prey and predator detection, orientation and for
sensing surroundings. (Hawkins and Popper
2014, Simmonds, Dolman et al 2014) While
the ocean is certainly a sound-filled
environment and many natural (or biological)
sounds are very loud, wildlife is not adapted to
anthropogenic noise.

The species groups covered in the
following sub-modules are:
Inshore Odontocetes
Offshore Odontocetes
Beaked Whales
Mysticetes
Pinnipeds
Polar Bears
Sirenians
*  Marine and Sea Otters
Marine Turtles
Fin-fish
Elasmobranchs
Marine Invertebrates

General principles

Building on the information from
module section A.1, sound waves move
through a medium by transferring kinetic
energy from one molecule to the next. Animals
that are exposed to elevated or prolonged
anthropogenic noise may experience passive
resonance (particle motion) resulting in direct
injury ranging from bruising to organ rupture
and death (barotrauma). This damage can also
include permanent or temporary auditory
threshold shifts, compromising the animal’s
communication and ability to detect threats.
Animals can be displaced from important
habitats. Finally, noise can mask important
natural sounds, such as the call of a mate, the
sound made by prey or a predator.

These mechanisms, as well as factors
such as stress, distraction, confusion and panic,
can affect reproduction, death and growth
rates, in turn affecting the long-term welfare of
the population. (Southall, Schusterman et a/
2000, Southall, Bowles et a/ 2007, Clark,
Ellison et al 2009, Popper et al 2014, Hawkins
and Popper 2016)

These impacts are experienced by a
wide range of species including fish,
crustaceans and cephalopods, pinnipeds (seals,
sea lions and walrus), sirenians (dugong and
manatee), sea turtles, the polar bear, marine
otters and cetaceans (whales, dolphins and
porpoises)-the most studied group of marine
species when considering the impact of marine
noise.

The NOAA acoustic guidelines (NOAA
2016), which employ the most up-to-date
scientific information on the effects of noise on
marine mammals, for impulsive and non-
impulsive noise sources, are based on a dual
metric—dB peak for instantaneous sound
pressure and SEL accumulated over 24 h for
both impulsive and non-impulsive, whichever
is reached first. It is important to note that
some jurisdictions, notably Germany, require
appropriate sound intensity level metrics (0 to
peak) in addition to SEL at a specified
distance. Their duel requirement is because the
way the energy is delivered-regarding both the
duty cycle and the energy within the individual
pulses of sound—influences the effects of sound
exposure.

Sound exposure levels work well for
marine mammals but not well for a number of
other marine species, including crustaceans,
bivalves and cephalopods, because these
species detect sound through particle motion




(the organism resonating in sympathy with the
surrounding sound waves) rather than through
a tympanic mechanism of marine mammals or
swim-bladders of some fish species. (Mooney,
et.al., 2010; André, et.al., 2011; NOAA, 2016)
Where sound pressure acts in all dlrectlons
particle pressure is an oscillation back and
forth in a particular direction.

The detection of particle motion requires
different types of sensors than those utilized by
a conventional hydrophone. These sensors
must specify the particle motion regarding the
particle displacement, or its time derivatives
(particle velocity or particle acceleration).

There is the need for a coordinated
effort by biologists and physicists to quantify
(through both dedicated measurements and
modelling) particle motion in the marine
environment to assess noise impacts on fish
and invertebrates. Dedicated measurements
need to be carried out to collect data on
particle motion at different depths and
locations for the different sound sources.

While specific metrics about the impact
of sound pressure are presented, where
available, impact metrics (standard
specifications and measurements) have not yet
been developed for particle motion impact on
marine species. Decisions makers are urged to
use their judgement about the potential impact
of particle motion, in the absence of well-
defined guidelines.

The thresholds used in many
jurisdictions consider only the onset of
Permanent Threshold Shift (PTS) as an
auditory injury, whereas in Germany, the onset
of Temporary Threshold Shift (TTS) is

Table 1: Potential results of sound exposure
{from Hawkins and Popper 2016)

Impact i Effects on animal

Mrtality ' Death from damage sustained

during sound exposure
Injury to tissues; | Damage to body tissue, e.g
disruption of internal haemorrhaging,

physiology disruption of gas-filled
organs like the swim bladder,
consequent damage to
surrounding tissues

Damage to the Rupture of accessory hearing

auditory system |organs, damage to hair cells,
permanent threshold shift,
temporary threshold shift

Masking Masking of biologically
important sounds including
sounds from conspecifics

Behavioural Interruption of normal

changes activities including feeding,
schooling, spawning,
migration, and displacement
from favoured areas

These effects will vary depending on the sound
level and distance

considered the threshold of injury. This is
based on the finding that in the long term even
a TTS can result in neuron degeneration of
synaptic contacts between hair cells and nerves
(Kujawa and Liberman 2009; Kujawa and
Liberman, 2015)

The current knowledge base is
summarized in the following modules. If
the Technical Background Information is
revised at a later stage, the inclusion of
diving seabirds would be a helpful addition.

This important volume of information
should guide the assessment of
Environmental Impact Assessment
proposals.
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Odontocetes close to shore or in shallow
waters

Consider when assessing

*  Seismic surveys
Civil high power sonar
Coastal and offshore construction works
Offshore platforms
Playback and sound exposure experiments
Vessel traffic greater than 100 metric tons
Vessel traffic less than 100 metric tons
Pingers and other noise-generating
activities

Related CMS agreements
Agreement on the Conservation of
Cetaceans of the Black Seas
Mediterranean Seas and Contiguous
Atlantic Area (ACCOBAMS)
Agreement on the Conservation of Small
Cetaceans in the Baltic, North East
Atlantic, Irish and North Seas
(ASCOBANS)
MOU for the Conservation of Cetaceans
and their Habitats in the Pacific Islands
Region (Pacific Islands Cetaceans)
MOU Concerning the Conservation of the
Manatee and Small Cetaceans of Western
Africa and Macaronesia (West African
Aquatic Mammals)

Related modules
Refer also to modules B.10, B.12 and C
when assessing impact to inshore
odontocetes

B.1.1. Species Vulnerabilities

Close-range, acute noise exposure is
known to generate spatial displacement, often
extended over the duration of the noise
exposure (Anderwald et a/ 2013, Pirotta et al
2013), temporary hearing impairment
(temporary threshold shifts or TTS)(e.g.
Kastelein et a/ 2015, Lucke et a/ 2009)
reduction in both occurrence and efficiency, or
even cessation, of foraging behaviour (e.g.
Pirotta et al 2014).

Permanent hearing impairment
(permanent threshold shifts or PTS) has not
been documented empirically (unethical) but is

expected to occur and exposure thresholds
have been predicted (e.g. Southall ef al 2007,
NOAA 2016), see table 2.

Long-range (and therefore of wider
spatial magnitude), chronic noise exposure is
also known to generate spatial displacement,
often extended over the duration of the noise
exposure (Campana et a/ 2015). Masking of
communication and other biologically
important acoustic signals also occurs (e.g.
Gervaise et al 2012).

Spatial displacement can cause the
temporary loss of important habitat, such as
prime feeding ground, forcing individuals to
exploit suboptimal foraging areas. This effect
is of significant concern if foraging behaviour
is seasonal and/or if foraging habitat is limited
or patched. Similarly, displacement can reduce
breeding opportunities if it occurs during the
mating season. Therefore, foraging habitat and
breeding season are particularly sensitive
components to noise impact.

B.1.2. Habitat Considerations

Inshore odontocetes often feed on
opportunistic, seasonally abundant prey (e.g.
Shane et al 1986). Habitat is often degraded
due to proximity to highly populated coastal
areas, and are particularly exposed to higher
levels of existing anthropogenic underwater
noise (associated with coastal development,
commercial ports, recreational boat ramps,
etc.) in parts of their habitat range. Thus,
populations have been fragmented or are in the
process of being fragmented. For these
reasons, suboptimal habitat should be available
to perform the biological tasks that will be
disturbed by the introduction of noise.
Population structure should be known in
enough detail to allow evaluation of the
population's resilience to the disturbance.
Some odontocetes show diel (24 hour cycle)
movement patterns from offshore to inshore
regions for resting (Thorne et al 2012), or prey
accessibility (Goodwin 2008). Similarly,
seasonal patterns have been described for
inshore odontocetes mainly driven by their
prey's life cycle (Pirotta ef al 2014) or
seasonality in human disturbance (Castellote et
al 2015). These movement patterns and co-
occurring disturbances should be considered to
minimize odontocetes’ exposure to noise or
reduce cumulative impact. Some species have
small home ranges or show high site fidelity
with low connectivity. They therefore may be
more vulnerable to population level impacts,
particularly in areas of repeated anthropogenic
activity. Caution should be taken to minimise
overlaps with such areas. Appropriate
scheduling of noise-generating activities at




periods with the lowest presence of
odontocetes should be prioritized. Feeding can
be concentrated in habitat specific features
such as river mouths (Goetz ef al 2007) or
canyons (Moors-Murphy 2014). These spatial
particularities of habitat should also be
considered and their disturbance minimized.

B.1.3. Impact of Exposure Levels

The harbour porpoise has been
described as the inshore odontocete most
sensitive to noise exposure among the species
of which we have data (Lucke er a/ 2009,
Dekeling et al 2014, but see Popov et al 2011).

Based on the NOAA acoustic guidelines
(NOAA 2016), which employ the most up-to-
date scientific information on the effects of
noise on marine mammals, onset of
physiological effects, that is TTS and PTS, for
impulsive and non-impulsive noise sources is
based on a dual metric (dB peak for
instantaneous sound pressure and SEL
accumulated over 24 h for both impulsive and
non-impulsive, whichever is reached first) and
is summarized in the table (below) for high
frequency hearing specialists, which includes
the harbour porpoise.

These thresholds are based on weighted
measurements, which take into consideration
hearing sensitivity across frequencies for each
hearing functional group. For more details
please see NOAA (2016).

A more restrictive decision from the
German Federal Maritime and Hydrographic
Agency on the onset for physiological effects
on harbour porpoises must also be considered
in this context. This Agency has implemented
a different threshold since 2003, specifically
for pile driving operations. Criteria consist of a
dual metric, SEL = 160dB re 1 mPa/s and
SPL(peak-peak) = 190 dB re 1pPa. Both
measures should not be exceeded at a distance
of 750 m from the piling site.

Regarding onset of behavioural
disruption, NOAA has not yet updated its
guidelines, and a threshold of 120 dB RMS for
non-impulsive and 160 dB RMS for impulsive
noise remain as the onset thresholds for all
cetacean species. New information obtained

Table 2: TTS and PTS from impulsive and non-impulsive noise sources for
inshore odontocetes (from NOAA 2016, based on high frequency functional
group.)

Metric b T'T'S onsct
Non-
impulsive

Impulsive

PTS onset
Impulsive

through controlled noise exposure studies on
offshore cetacean species (e.g. SOCAL-BRS,
3S), suggests that onset of behavioural
disruption is context dependent, and not only
received levels but also distance to the source
might play an important role in triggering a
reaction. Few studies have been focused on
behavioural reaction to noise on inshore
odontocetes. These show how the onset of a
response is triggered by the perceived loudness
of the sound, not just received levels (Dyndo et
al 2015). At least for harbour porpoises, this
finding lends weight to the recent proposal by
Tougaard et al (2015) that behavioural
responses can be predicted from a certain level
above their threshold at any given frequency
(e.g. in the range of 40-50 dB above the
hearing threshold for harbour porpoise).

For loud noise sources such as large
diameter pile driving or seismic surveys
commonly found in inshore odontocete habitat,
the onset for behavioural response can occur at
very substantial distances (e.g. Tougaard et a/
2009, Thompson ef al 2013).

B.1.4. Assessment Criteria

Several key characteristics on the
biology of a species should be adequately
assessed in an E1A. Population stock structure
is a critical element to allow evaluating
potential negative effects outside the scope of
the individual level. This information is often
unavailable for inshore odontocetes, and
regulators or decision makers should adopt a
much stricter position regarding this criterion
for impact assessment decisions. Correct
impact evaluation cannot be accomplished
without understanding the extent of a
potentially impacted population. Because
spatial displacement is by far the most
prominent effect to occur in noisy activities
occurring in inshore odontocete habitat,
sufficient information on habitat use and the
availability of unaffected suboptimal habitat
should be addressed in the evaluation, Other
more general points should not be forgotten
when determining if this species group has
been adequately considered by an EIA, such as
the correct relationship between the spectral
content of the noise source
and hearing information
for the affected species,
and the integration of both
behavioural and
physiological effects for
the estimated proportion
of the population to be

Non-
impulsive

LE,24h 140 dB 153 dB

173 dB affected by the activity.

Lpk,flat 196 dB n/a

One more important point
to consider, is the

202 dB
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Odontocetes in deeper waters

Consider when assessing
Military sonar
Seismic surveys
Civil high power sonar
Offshore platforms
Playback and sound exposure experiments
Vessel traffic greater than 100 metric tons

Related CMS agreements
Agreement on the Conservation of
Cetaceans of the Black Seas
Mediterranean Seas and Contiguous
Atlantic Area (ACCOBAMS)
Agreement on the Conservation of Small
Cetaceans in the Baltic, North East
Atlantic, Irish and North Seas
(ASCOBANS)
MOU for the Conservation of Cetaceans
and their Habitats in the Pacific Islands
Region (Pacific Islands Cetaceans)
MOU Concerning the Conservation of the
Manatee and Small Cetaceans of Western
Africa and Macaronesia (West African
Aquatic Mammals)

Related modules
Beaked whales are considered separately
in module B.3.
Refer also to modules B.10, B.12 and C
when assessing impact to offshore
odontocetes

B.2.1. Species Vulnerabilities

While spatial displacement has been
well documented in several inshore
odontocetes species, little data is available for
offshore odontocetes (other than beaked whale
species), but similar behavioural responses are
expected. Few direct measures of displacement
are available (e.g. Goold 1996, Bowles et a/
1994), and some indirect measures of
disturbance exist, such as changes in vocal
behaviour in short beaked common dolphins,
Atlantic spotted dolphins and striped dolphins
in the presence of anthropogenic noise (Papale
et al 2015). Sperm whales exposed to tactical
active sonar reduced energy intake or showed
significant displacement with no immediate

compensation (Isojunno et al 2016, Miller et al
2012). However, sperm whales chronically
exposed to seismic airgun survey noise in the
Gulf of Mexico did not appear to avoid a
seismic airgun survey, though they
significantly reduced their swimming effort
during noise exposure along with a tendency
toward reduced foraging (Miller et al 2009).
Changes in vocal behaviour are normally
associated with displacement in other
odontocetes (e.g. Holt et al 2009, Lesage
1999).

Physiological impact by close-range,
acute noise exposure, such as temporary
threshold shift, has never been described in
offshore odontocetes due to the difficulty to
maintain these species in captivity. There is
just one anecdotal description of physiological
injury due to airgun noise exposure on a
pantropical spotted dolphin (Graya and Van
Waerebeek, 2011).

This lack of evidence should not be
considered conclusive but rather as reflecting
the absence of studies. Furthermore, due to
similarities in sound functionality, hearing
anatomy and physiology between offshore and
inshore odontocetes, the vulnerabilities
described for inshore species are expected to
be very similar for offshore species.

Because of the lack of knowledge on
offshore odontocete habitat seasonal
preferences (e.g. it is not known whether
reproduction occurs in similar habitats as
where foraging occurs), noise impact on these
species cannot be broken into lifecycle
components.

B.2.2. Habitat Considerations

Little survey effort has been dedicated to
offshore waters in most exclusive economic
offshore zones and even less in international
waters. As a consequence, data on offshore
odontocete occurrence, distribution and habitat
preferences is scarce for most species.
However, some generalizations can be
highlighted: Sperm whales do not use offshore
regions uniformly, topography plays a key role
in shaping their distribution (e.g Pirotta et al
2011). Moreover, solitary individuals use the
habitat differently from groups (Whitehead
2003).

The occurrence of eddies, often
associated with numerous seafloor topographic
structures (canyons and seamounts), are known
to favour ecosystem richness and
consequently, cetacean occurrence (Ballance et
al 2006, Hoyt 2011, Redfern ef al 2006,
Correia et al 2015). Therefore, areas where
eddies are known to occur, particularly those
related to underwater topography features,




should be taken into special consideration
when assessing impact to offshore
odontocetes, even if no knowledge on cetacean
occurrence is available.

B.2.3. Impact of Exposure Levels

Offshore odontocetes fall in their
majority into the mid frequency hearing
specialists. This group was considered for
noise impact assessments during an
international panel review (Southall et al
2007). This review has been updated in recent
efforts by the U.S. Navy and NOAA. NOAA’s
most updated draft on acoustic guidelines
(NOAA 2016) considers
TTS and PTS, for
impulsive and non-
impulsive noise sources is
based on a dual metric (dB
peak for unweighted Metric
instantaneous sound

functional hearing grouping, particularly for
offshore odontocete species, might not be the
most conservative approach for noise
mitigation purposes. Behavioural responses of
cetaceans to sound stimuli often are strongly
affected by the context of the exposure, which
implies that species and the received sound
level alone is not enough to predict type and
strength of a response. Although limited in
sample size, this new information has not yet
been profiled in EIA procedures. Contextual
variables are important and should be included
in the assessment of the effects of noise on
cetaceans (see Ellison ef a/ 2012 for a context-
based proposed approach).

Table 3: TTS and PTS from impulsive and non-impulsive noise sources for
offshore odontocetes, excluding beaked whales {from NOAA 2016, based on
mid frequency functional group)

TTS onset PTS onset

Impulsive

Non-

Impulsive

Non-

pressure (Lpk) and SEL _ : impulsive impulsive
accumulated over 24 h LE,24h 170 dB 178 dB 185 dB 198 dB
(LE,24h) for both Lpk,flat 224 dB Wa 230 dB 20dB |
impulsive and non-

impulsive, whichever is

reached first) and is summarized in the table
below for mid frequency hearing specialists
(Table 3).

Please note cummulative thresholds are
based on weighted measurements, which take
into consideration hearing sensitivity across
frequencies for each hearing functional group.
For more details please see NOAA (2016).

Regarding onset of behavioural
disruption, NOAA has not yet updated its
guidelines, and a threshold of 120 dB RMS for
non-impulsive and 160 dB RMS for impulsive
noise remains as the onset thresholds for all
cetacean species. Recent results from one of
the few behavioural response studies where
offshore odontocetes, other than beaked
whales, are targeted identified higher
thresholds than expected for avoidance of
military tactic sonar by free-ranging long-
finned pilot whales (Antunes ef al 2015). The
US Navy currently uses a generic dose-
response relationship to predict the responses
of cetaceans to naval active sonar (US Navy
2008), which has been found to underestimate
behavioural impacts on killer whales and
beaked whales in multiple studies (Tyack et a/
2011, DeRuiter et al 2013, Miller et al 2012
and 2014, Kuningas et a/ 2013). The navy
curve appears to match more closely results
with long-finned pilot whales, though the
authors of this study suggest that the
probability of avoidance for pilot whales at
long distances from sonar sources could well
be underestimated. These results highlight how

B.2.4. Assessment Criteria

Because our limited knowledge on offshore
odontocete ecology and their seasonal habitat
preferences, common sense mitigation
procedures such as avoiding the season of
higher odontocete occurrence might be
difficult to implement. However, habitat
predictive modelling is often applicable with
limited data (Redfern et al 2006), and should
be encouraged in situations where impact
assessments suffer from odontocete data
deficit.

It should also be noted that in some
particular cases, spatial displacement has
generated drastic indirect effects at the
population level. Good examples are the
severa] episodes of large numbers of narwhals
entrapped in ice in Canada and West
Greenland attributed to displacement caused
by seismic surveys (Heide —Jergensen et al
2013). Displacement in offshore areas could
drive odontocetes towards fishing grounds,
increasing the risk of entanglement. In cases
where planned offshore disturbance is
proposed near potential risk areas for
odontocetes, this indirect impact mechanism
must be evaluated. In the case of sperm
whales, regulations tend to be made assuming
that animals avoid areas with high sound
levels. Thus some policies assume benefits of
avoidance in terms of reduced sound exposure,
even in the absence of evidence that it occurs




for some noise sources (Madsen et a/ 2006).
Avoidance can also have adverse effects, with
the biological significance depending upon
whether important activities are affected by
animal movement away from an aversive
sound.

Other more general points should not be
forgotten when determining if this species
group has been adequately considered by an
EIA, such as the correct relationship between
the spectral content of the noise source and
hearing information for the affected species,
and the integration of both behavioural and
physiological effects for the estimated
proportion of the population to be affected by
the activity.
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Consider when assessing

“  Military sonar
Seismic surveys
Civil high power sonar
Coastal and offshore construction works
Offshore platforms
Playback and sound exposure experiments
Vessel traffic greater than 100 metric tons
Vessel traffic less than 100 metric tons
Pingers and other noise-generating
activitics

Related CMS agreements
Agreement on the Conservation of
Cetaceans of the Black Seas
Mediterranean Seas and Contiguous
Atlantic Area (ACCOBAMS)
Agreement on the Conservation of Small
Cetaceans in the Baltic, North East
Atlantic, Irish and North Seas
(ASCOBANS)
MOU for the Conservation of Cetaceans
and their Habitats in the Pacific Islands
Region (Pacific Islands Cetaceans)

Related modules
Refer also to modules B.10, B.12 and C
when assessing impact to beaked whales

B.3.1. Species Vulnerabilities

Beaked whales (Ziphiids) became
widely known to the public due to mass
mortalities of whales stranded with gas/fat
emboli when exposed to submarine-detection
naval sonar or underwater explosions (Jepson
et al 2003, Fernandez et al 2005). Most
researchers agree that a ‘fight or flight’ stress
response is responsible for the deaths of
whales following noise disturbances (Cox et al
2006). Interruption of foraging and avoidance
at high speed have been found in different
species of beaked whales subject to playbacks
of naval sonar at 1/3rd octave RMS received
levels as low as 89-127 dB re | pPa (Tyack et
al 2011, DeRuiter et al 2013, Miller ef al
2015). Beaked whales may also be sensitive to
other sources of anthropogenic noise, as
suggested by the effectiveness of acoustic
pingers in reducing the bycatch of beaked
whales in deep-water fisheries, much higher
than for other species (Carretta e al 2011), and

by their apparent response to low levels of ship
noise (Aguilar de Soto ef al 2006). There has
been a number of mass-strandings of beaked
whales coincident in time and space with
seismic activities (Malakof 2001, Castellote
and Llorens 2016), but the lack of adequate
post-mortem examinations has prevented
assessing possible cause-effects relationships
in these cases. This means that any intense
underwater anthropogenic noise can be
considered as of concern for beaked whales:
blasting, intense naval and scientific sonar,
seismics, pingers, etc.

It is still unknown why beaked whales
are more sensitive to noise than many other
marine mammal species. The reasons may lie
in their specialized way of life. Ziphiids stretch
their physiological capabilities to perform
dives comparable to sperm whales, but with a
much smaller body size (Tyack et al 2006).
Their poor social defences from predators such
as highly vocal killer whales may explain why
beaked whales limit their vocal output (Aguilar
de Soto et al 2012) and respond behaviourally
to sound at relatively low received levels. The
combination of a low threshold of response
and a potentially delicate physiological balance
may explain why behavioural responses can
cause mortalities (Cox et al 2006).

Population data for beaked whales are
scarce offshore, but long-term monitoring
shows that local populations in nearshore
deep-waters are small (<100-150 individuals),
have high site-fidelity and apparently low
connectivity and calving rate (Claridge, 2013,
Reyes et al 2015). These characteristics
generally reduce animal resilience to
population-level impacts. Differences in
population structure, with a reduced number of
young, have been found between beaked
whales inhabiting a naval training range and a
semi-pristine neighbouring area in the
Bahamas (Claridge, 2013). In summary, while
discrete noise activities are of concern due to
potential acute exposures/responses, there is a
risk for population-level effects of noise on
beaked whales inhabiting areas where impacts
are repetitive.

B.3.2. Habitat Considerations

Some of the 22 species of the Ziphiidae
family can be found in the deep waters of all
oceans. However, beaked whales have a low
probability of visual and acoustic detection
(Barlow et al 2006, Barlow et al 2013) and
knowledge about their distribution and
abundance is poor, preventing identification of
hot-spots offshore. Until more data exist, the
assumption is that any area with deep waters is
potential beaked whale habitat year-round.
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Most mass-strandings related to naval sonar or
underwater explosives have been recorded
when the activities occurred in nearshore areas
of steep bathymetry, suggesting that whales
might die due to the stranding process.
However, there is at least one mass-stranding
case indicating that animals can die offshore
before stranding: the naval exercise “Majestic
Eagle”. This exercise occurred > 100 km
offshore from the Canary Islands and dead
whales were carried to the shore by the current
and winds. The whales showed the same
pathological findings identified previously as
symptomatic of whales stranded alive in
coincidence to naval exposure (Fernandez ef al
2012).

Thus, the vulnerability of beaked whales
and their wide distribution make EIA relevant
whenever human activities emitting intense
sound occur near the slope or in abyssal waters
offshore.

B.3.3. Impact of Exposure Levels

Beaked whales show strong avoidance
reactions to a variety of anthropogenic sounds
with the most sensitive fraction of the
population responding at received levels of
naval sonar below 100 dB re 1 pPa, and most
of the animals tested responding at received
levels of 140 dB re 1 pPa. This corresponds to
ranges of several km from the ship operating
the sonar (Miller et al 2015, Tyack et al 2011).

There are no data for thresholds of
response for other noise sources. The range at
which beaked whales may be expected to be at
risk of disturbance from a given anthropogenic
noise can be estimated from the characteristics
of the sound source, acoustic propagation
modelling and the dose: response data
provided by behavioural response studies. For
example, Tolstoy et al (2009) present
broadband calibrated acoustic data on a
seismic survey performed in shallow waters
and received at deep (1600 m) and shallow
water (50 m) sites. The line fit to have 95% of
the received levels falling below a given
received level (RL) was RL = 175.64 — 29.21
logo(range in km) for the deep water site and
RL = 183.62 — 19 log;o(range in km) at the
shallow site. Solving the equation for shallow
water and a RL of 140 dB at which beaked
whales may be expected to be disturbed, the
potential disturbance range would be range =
104621 = 197 km. The range predicted to
disturb more sensitive individuals within the
population would be greater.

The spectrum of the air gun sounds
reported by Tolstoy et al (2009) is highest
below 80 Hz, well below the naval sonars
whose effects have been studied for dose-

response curves, and in a frequency range
where beaked whales are expected to have less
sensitive hearing. It is difficult to weight the
level of air guns by the hearing of beaked
whale given the data available, but it is
possible to make a rough estimate of the
energy from air guns in the third octave band
(which roughly match the frequency bands
over which the mammalian ear integrates
energy) of the naval sonars whose effects have
been measured. The broadband SEL measured
at 1 km for shallow water was 175 dB re 1
uPa’s. Third octave levels were also reported
for a shot recorded in shallow water at 1 km
range. The third octave level for this shot at
the 3 kHz sonar frequency was about 130 dB
rel pPa’s, suggesting that this frequency band
was about 45 dB lower than the broadband
source level (SL). This suggests using a sound
pressure level of 183.62 - 45 dB to estimate
received level in this frequency band at 1 km
range. In addition, seawater absorbs sound at
about 0.18 dB/km at the 3 kHz sonar
frequencies, and this absorption must be
accounted for in the transmission loss.
Therefore Transmission Loss (TL)= 19
logo(range) + 0.18*range. The range at which
sensitive beaked whales, which respond at 100
dB re 1 pPa may respond, given that TL = SL
—RL, i.e. 19 logo(range) + 0.18*range =
183.62-45-100 = 38.62, is estimated at 43 km.
These rough calculations show that
beaked whales could be expected to be
disturbed by exposure to airguns at ranges of
43-197+ km, assuming conditions as found by
Tolstoy ef al (2009). The actual values will
depend upon the actual signature of the air gun
array to be used, and the propagation
conditions in the area. This guidance coupled
with current data on beaked whale responses to
anthropogenic noise suggests that each
proposer should assess how sound is expected
to propagate from the survey site to any
beaked whale habitat with hundreds of km. If
any of this habitat is expected to be exposed to
levels of sound above those shown to disturb
beaked whales (i.e. 100 dB re 1 pPa for the
most sensitive individuals tested), then a
further assessment should be made of the
number of animals likely to be disturbed.

B.3.4. Assessment Criteria

EIA should consider different types of
impacts, ranging from exposure of whales to
intense received levels causing hearing damage
to behavioural reactions with potential
physiological consequences in some cases, to
displacement and ecological effects (e.g.
reduction in feeding rates or displacement




from preferred habitat due to avoidance
behaviour resulting in lower fitness).

A framework for mitigation targeted to
reduce risk of the different impacts above
needs to be included in the EIA, including
actions during the planning-phase, real-time
mitigation protocols and post-activity reporting
to inform future planning and mitigation (e.g.
Aguilar de Soto et al 2015). An effective
mitigation method is spatio-temporal
avoidance of high density areas (Dolman et a/
2011). This is informed by surveys and habitat
modelling and can be aided by simulation
engines. However, the scarcity of data
supporting density maps for beaked whales
increases uncertainty about the number of
whales to be expected in a given area and the
identification of high density areas. Thus,
planning-phase mitigation is essential but it
does not eliminate the possibility of
encountering and affecting/harming beaked
whales. Another aspect of planning-phase
mitigation is the choice of acoustic devices to
be used during the activity, as well as the
source levels required to achieve the objectives
of the activity. In situ measurements of sound
transmission loss shortly before the activity
may allow adjustment of source level to below
the maximum, so that the maximum is not used
by default. A protocol towards reducing total
acoustic energy and peak source levels
transmitted to the environment should be
defined before the activity, for any activity,
within workable limits.

Depending on the activity, EIA may
require updated information of the density of
beaked whales and other vulnerable species,
before the activity, in order to allow current
data to be compared with existing density
maps and to improve their accuracy. Also, ifa
choice of locations is evaluated, it would be
possible to decide locating the activity in the
place with lower concentration of vulnerable
species,

A powerful and cost-effective way to
monitor the effects would be to moor passive
acoustic recorders in the beaked whale habitats
exposed to sound levels above 100 dB re 1 pPa
and to monitor both the actual levels of
anthropogenic sound and also to monitor for
the rates at which beaked whale echolocation
clicks are detected. In the case of seismic,
modern seismic surveys often include the
deployment of cabled geophones at the seabed.
These could be easily equipped with high
frequency hydrophones to record beaked
whales and other marine fauna.

Given the low probability of visual
detection of beaked whales even in good sea
conditions, real-time mitigation methods

proposed in the EIA require increasing
probability of detection by using passive
acoustic monitoring systems with detectors
programmed for automated classification of
beaked whale vocalizations. Automatic
detections can then be checked by trained
personnel to take decisions about initiation of
mitigation protocols.

B.3.5. Species not listed on the
CMS Appendices that should also be
considered during assessments

All beaked whales not currently listed

by CMS seem to be particularly vulnerable to
anthropogenic marine noise.
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Consider when assessing
Military sonar
Seismic surveys
Civil high power sonar
Coastal and offshore construction works
Offshore platforms
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Vessel traffic greater than 100 metric tons
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Related CMS agreements
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Related modules
Refer also to modules B.12 and C when
assessing impact to mysticetes

B.4.1. Species Vulnerabilities

Mysticete whales are all known to rely
upon acoustic communication to mediate
critical life history activities, including social
interactions associated with breeding, raising
young, migration and foraging (Edds-Walton
1997, Clark 1990). Research into the hearing
capabilities of mysticetes, based primarily on
anatomical modelling, indicate that mysticetes,
as a group, are possibly capable of hearing
signals from a minimum of approximately 7
Hz up to 35 kHz (Southall et a/ 2007). This
range of frequencies spans many sources of
anthropogenic noise in the ocean, excluding
only the highest frequency sonar systems and
pinger systems > 25 kHz (Hildebrand et al
2009). Previous research has documented
impacts of noise exposure to physiology,
behaviour, and habitat usage in mysticetes
(Richardson et al 1995, Nowacek et al 2007,
Tyack 2008).

Physiological impacts have been
documented in mysticetes in response to noise
exposure. This includes evidence of a decrease
in physiological stress levels in North Atlantic
right whale associated with a reduction in
shipping noise (Rolland et al 2012).
Techniques are currently under development to
allow testing of acute stress responses to short-
term high amplitude noise exposure (Hunt et a/
2013).

Behavioral impacts have been
documented in mysticetes in response to a
variety of noise sources over the past three
decades. This includes evidence of military
sonar affecting movement, foraging and
acoustic behaviour (Miller et a. 2000, Tyack
2009, Goldbogen er al 2013), seismic survey
and air guns affecting movement and acoustic
behaviour (Malme ef al 1988, Di lorio and
Clark 2010, Castellote et al 2012), vessel noise
affecting foraging, social and acoustic
behaviour (Melcon et al 2012), and response to
playback of predator and/or alarm stimuli
(Cummings and Thompson 1971, Dunlop ef al
2013, Nowacek et al 2004)

Habitat usage impacts have been
documented in a number of cases. Previous
studies have documented abandonment of
habitat areas during periods of intense noise.
One of the earliest documented cases occurred
when commercial dredging and shipping
activities resulted in abandonment of a critical
calving ground in gray whales for the duration
of human activities in an enclosed shallow
water bay (Bryant et a/ 1984). Seismic surveys
have resulted in large-scale, temporary,
displacements of mysticete whales away from
regions of seismic exploration in the
Mediterranean (Castellote et a/ 2012). A
further concern, of long-standing (Payne and
Webb 1971), is the potential for even relatively
low amplitude anthropogenic noise raising the
background noise to a degree that it
significantly reduces the range of
communication for mysticetes. Recent studies
have demonstrated the potential degree of
masking experienced by mysticetes in
urbanized habitat areas due to vessel traffic
(Clark et al 2009, Hatch et a/ 2012). This is a
major concern to result in chronic erosion of
suitable habitat conditions through raising the
baseline background noise levels.

B.4.2. Habitat Considerations

Based on previous studies, mysticetes
show variable response to noise exposures in
different habitat areas, possibly linked to
differences in the behavioural states and/or the
availability of suitable alternative habitats
(Nowacek et al 2007). Most mysticete whales




show some level of seasonal migratory (2007). The thresholds for detectable

behaviours (Corkeron and Connor 1999), behavioural responses to noise exposure varied
therefore many habitats may seasonably pose by species, location and time of year, giving a
relatively higher or lower risk depending on wide range of thresholds for responses to
presence or absence of particular species. multiple pulses and non-pulse signals.

Calving grounds, breeding grounds, and

foraging grounds are i ) ) )
seasonally vulnerable areas Table 4: TTS and PTS from impulsive and non-impulsive noise sources for

for which there may not be ~ Mysticetes (NOAA 2016)
suitable alternate habitat

for many sp aten and Impulsive Non- Impulsive Non-
;%ngrx?i:iﬁlp aﬁ‘ltlcular impulsive impulsive
o SEL cum 24h | 168 dB 179 dB 183 dB 199 dB
endangered populations o
with limited available dB peak 213dB n/a 219dB n/a

critical habitat _ar i Peak sound pressure (dB peak) has a reference value of 1 uPa, and the 24 hour
Studies of cumulative sound exposure level (SEL cum 24h) has a reference value of 1 pPa’s.

responsiveness to noise
exposure have been conducted on calving and

breeding grounds (Miller ez a/ 2000), on B.4.4. Assessment Criteria
migratory corridors (e.g. Malme et a/ 1988, Based on an extensive body of literature on the
Tyack 2009, Dunlop et a/ 2013), andon effects of noise on mysticetes (including
foraging grounds for a variety of species (Di physiology, behaviour and temporary habitat
Jorio and Clark 2010, Parks et al 2011, abandonment), a number of detailed criteria
Goldbogen et al 2013). Studies of migrating should be considered to assess potential risk of
whales indicate that individuals may be highly an signal generating activity. These include:
responsive to noise exposure during migration, = Amplitudes, signal structure (pulse, multi-
but may be able to deviate around acoustic pulse, non-pulse), and anticipated
disturbance without significant changes to the cumulative time of exposure.
migratory distance (Malme er al 1988, Tyack = Vulnerability of the species or sustainable
2009, Dunlop et al 2013). ) ‘take’ — Some mysticete species and stocks

 The greatest data gaps regarding are highly endangered, and warrant
relative risk by h additional consideration if proposed

abitat and season come from the facts activities have any potential to cause

that a) many species only have been tested in impacts at any level.
one type of habitat area and b) detection of an = Seasonal variability in the potential risk due

overt behavioural response may not truly
indicate disturbance if animals are unable or
unwilling to leave the habitat for foraging or

to migratory timing of occupancy (can
activities be seasonally shifted to minimize
overlap with mysticete presence in critical

breeding purposes. Also, for several species habitat areas?).

there is little known on the location of = Data on noise exposure studies of target
biologically important habitats (breeding, species, or closely related species, with
calving and foraging grounds).Future research similar signal type

to assess physiological responses to the same = Comparison of the proposed acoustic
acoustic disturbance in multiple habitat areas exposure relative to the ambient,

are needed to have a high level of confidence background levels and spectra of
regarding the actual impacts of noise exposure environmental noise (i.e. relatively low

to mysticetes. level noise exposure may be more

significant in acoustically ‘pristine’
B.4.3. Impact of Exposure Levels habitats).
w  Consideration of potential cumulative

helotigely: Witle e aeayailable effects of an additional introduction of

regarding the hearing abilities of mysticetes. : . e :
Much of the current level of understanding sound 10 the cavironment (1.e.' L g
comes from either anatomical modelling potential for mask_mg, increase in duration
studies (Ketten 2000) or indirectly through of exposure on daily and/or seasonal
interpretation of behavioural responses of scales).

mysticetes to controlled exposure experiments

(Mooney et 2/2012). A thorough review of

exposure criteria for behavioural responses for

mysticetes is summarized in Southall et a/

1




B.4.5. Species not listed on the CMS
Appendices that should also be
considered during assessments

Several of the CMS Appendix I and II
species have not previously been studied
regarding responses to noise exposure.

In particular, relatively little is known
regarding the acoustic behaviours of sei whale,
Balaenoptera borealis, Antarctic minke whale,
Balaenoptera bonaerensis, Bryde's whale,
Balaenoptera edeni and Omura's whale,
Balaenoptera omurai.

In addition to the species listed in CMS
Appendix I and II gray whale, Eschrichtius
robustus, should be considered, due to recent
documentation of individuals in ‘novel’
habitats including multiple confirmed sightings
in the Atlantic Ocean (McKeon et al 2016) and
severely threatened stocks in the Eastern
Pacific (Rugh 2005).
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B.5. Pin_nip'eds

Facilitated by |
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Consider when assessing
Military sonar
Seismic surveys
Civil high power sonar
Coastal and offshore construction works
Offshore platforms
Playback and sound exposure experiments
Vessel traffic greater than 100 metric tons
Vessel traffic less than 100 metric tons
Pingers and other noise-generating
activities

Related CMS agreements
Agreement on the Conservation of Seals in
the Wadden Sea (Wadden Sea seals)
MOU Concerning Conservation Measures
for the Eastern Atlantic Populations of the
Mediterranean Monk Seal (Monachus
monachus) (Atlantic monk seals)

Related modules
Refer also to modules B.10, B.12 and C
when assessing impact to pinnipeds

B.5.1. Species Vulnerabilities

Pinnipeds are sensitive to sound in both
air and under water, therefore, they are likely
to be susceptible to the harmful effects of loud
noise in both media. Recent research has
revealed that many pinnipeds have a better
hearing sensitivity in water than was
previously believed. (Southall et a/ 2000,
2008, Reichmuth et a/ 2013)

In developing guidelines for underwater
acoustic threshold levels for the onset of
permanent and temporary threshold shifts in
marine mammals, NOAA has been considering
two pinniped families: Phocidae and Otariidae.
Phocid species have consistently been found to
have a more acute underwater acoustic
sensitivity than otariids, especially in the
higher frequency range. This reflects the fact
that phocid ears are better adapted underwater
for hearing than those of otariids, with larger,
more dense middle ear ossicles. (NOAA,
2016) The effective auditory bandwidth in
water of typical Phocid pinnipeds (underwater)
is thought to be 50 Hz to 86 kHz while for
Otariid pinnipeds (underwater) it is 60 Hz to
39 kHz (NOAA, 2016). The draft NOAA

guidelines do not pertain to marine mammal
species under the U.S. Fish and Wildlife
Service’s jurisdiction, including the third
family of pinnipeds: Odobenidae (walrus),
which means there is no update on the auditory
bandwidth of walrus.

Behavioural responses to anthropogenic
noise have been documented in a number of
different pinnipeds at considerable ranges
indicating the need for precautionary
mitigation (Kelly ef af 1988) In addition to
noise-induced threshold shifts, behavioural
responses have included seals hauling out
(possibly to avoid the noise) (Bohne et al
1985, 1986, Kastak et al 1999) and cessation
of feeding (Harris et a/ 2001).

It is likely that pinniped foraging
strategies also place them at risk from
anthropogenic noise. Some pinnipeds forage at
night, others transit to foraging locations by
swimming along the bottom, and many dive to
significant depths or forage over significant
distances (Fowler ef al 2007, Villegas-
Amtmann et al 2013, Cronin et al 2013) with
Australian sea lions foraging offshore out to
189 km (Lowther ef al 2011).

In most respects, noise-induced
threshold shifts in pinnipeds follow trends
similar to those observed in odontocete
cetaceans. Unique to pinnipeds are their
vibrissae (whiskers), which are well supplied
with nerves, blood vessels and muscles,
functioning as a highly sensitive hydrodynamic
receptor system (Miersch et al 2011).
Vibrissae have been shown to be sufficiently
sensitive to low frequency waterborne
vibrations to be able to detect even the subtle
movements of fish and other aquatic organisms
(Renouf, 1979, Hanke ef a/ 2012, Shatz and
Groot, 2013). Ongoing masking through
ensonification may impede the sensitivity of
vibrissae and the animal’s ability to forage.

It is possible that even if no behavioural
reaction to anthropogenic noise is evident,
masking of intraspecific signals may occur.
(Kastak and Schusterman, 1998)

B.5.2. Habitat Considerations

Spatial displacement of pinnipeds by
noise has been observed (e.g Harris et al
2001), however observations are too sparse
and definitely require greater attention to be
understood in ways that can inform
management. Such displacement is likely to
have serious consequences if affecting
endangered species in their critical habitats,
such as Mediterranean monk seals in Greece or
Turkey. Displacement can cause the temporary
loss of important habitat, such as feeding
grounds, forcing individuals to either move to




sub-optimal feeding location, or to abandon
feeding altogether. Noise can also reduce the
abundance of prey (refer to modules on fin-fish
and cephalopods in these guidelines).

Displacement can also reduce breeding
opportunities, especially during mating
seasons. Foraging habitat and breeding seasons
are therefore important lifecycle components
of pinniped vulnerabilities. In particular, the
periods of suckling and weaning are vulnerable
times for both mothers and pups.

Many pinnipeds species exhibit high site
fidelity. For some there is little or no
interchange of females between breeding
colonies, even between those separated by
short distances, such as in Australian sea lions,
Neophoca cinerea (Campbell et al 2008). The
site fidelity of these animals increases their
risk of local extinction, especially at sites with
low population numbers (e.g monk seals).

Some species of pinnipeds can range far
offshore and because they are difficult to sight
and identify at sea their offshore foraging may
only be revealed by telemetry studies. These
studies usually involve tagging individuals that
might come ashore hundreds or even
thousands of miles from offshore foraging
habitats.

B.5.3. Impact of Exposure Levels

Onset of temporary threshold shift
(TTS) and permanent threshold shift (PTS) for
impulsive and non-
impulsive noise, and at
peak levels (for
instantaneous impact) as
well as sound exposure

comparing hearing studies of the California sea
lion, Zalophus californianus, harbour seal,
Phoca vitulina, ringed seal, Pusa hispida, harp
seal, Pagophilus groenlandicus, northern fur
seal, Callorhinus ursinus, gray seal,
Halichoerus grypus, Hawaiian monk seal,
Monachus schauinslandi and northern elephant
seal, Mirounga angustirostris to those of
walrus. The high frequency cut-off of walrus
hearing is much lower than other pinnipeds
tested so far. The hearing sensitivity of the
walrus Odobenus rosmarus, between 500 Hz
and 12 kHz is similar to that of some phocids.
The walrus, is much more sensitive to
frequencies below 1 kHz than sea lion species
tested. (Kastelein et a/ 2002) Other sensitive
pinnipeds such as harbour seals (about 20 dB
more sensitive to signals at 100 Hz than
California sea lions) and elephant seal,
Mirounga angustirostris and Mirounga
leonine, are also more likely to hear low-
frequency anthropogenic noise. (Kastak and
Schusterman, 1998)

Assessment should consider that routine
deep-divers, that dive to or below the deep
sound channels, may be exposed to higher
sound levels than would be predicted based on
simple propagation models. Assessment should
also consider convergence zones which may
result in areas with higher sound levels at
greater ranges.

Table 5: TTS and PTS from impulsive and non-impulsive noise sources for
phocidae (from NOAA 2016)

levels (SEL) accumulated Tmpulsive Non- Impulsive Non-
over a 24 hour period impulsive impulsive
based on the latest SEL cum 24h 170dB 181dB 185dB 201dB
updates of the NOAA dB peak 212dB n/a 218dB 218dB

acoustic guidelines
(NOAA, 2016), are
summarized in the tables
that follow (right).
Walrus, Odobenus

Table 6: TTS and PTS from impulsive and non-impulsive noise sources for
otariidae (from NOAA 2016)

rosmarus, hearing is Impulsive Non- Impulsive Non-
relatively sensitive to low impulsive impulsive
freqlllenc':y gound, thus the | SEL cum 24h 188dB 199dB 203dB 219dB
species is likely to be dB peak 226dB n/a 23248 232dB
susceptible to -

anthropogenic noise.

(Kastelein et al 2002) Table 7: TTS and PTS from impulsive and non-impulsive noise sources for
TTS and PTS levels can odobenidae (from Southali et al 2007)
be inferred from Southall Met¥ic TTS onset PTS oot
g{;”b(zqgl) for Impulsive Non- Impulsive Non-

3 e;él 1&1 ., impulsive impulsive
2002 ha:iifa\e::g ﬁsgﬁ]l SEL cum 24h 171dB 171dB 186dB 203dB
general .Observati{)ns by dB peak 212dB 212dB 218dB 218dB J




B.5.4. Assessment Criteria

There have been surprisingly few
studies of the effects of anthropogenic noise,
particularly from seismic surveys, on
pinnipeds (Gordon et al 2003).

The lack of evidence of dramatic effects
of anthropogenic noise on pinnipeds, in
contrast to the well-known mortality incidents
with some cetaceans, does not necessarily
mean that noise has negligible consequences
on pinniped conservation, and more attention
should be dedicated to achieving a better
understanding of possible impacts. For
instance, some pinnipeds may not appear to
have been physically displaced by loud noise,
moving instead to the sea surface, but these
animals may be effectively prevented from
foraging, due to an ensonified foraging
environment.

It is important that assessment of impact
for pinnipeds considers both the physiological
impact (TTS and PTS) as well as the very real
possibility of masking, causing both
behavioural responses and making prey less
available.

B.5.5. Species not listed on the CMS
Appendices that should also be
considered during assessments

The following specieb are also sensitive
to anthropogenic marine noise:
walrus, Odobenus rosmarus
] harbour seal, Phoca vitulina
® northern elephant seal, Mirounga
angustirostris
= southern elephant seal, Mirounga leonine
= (Caspian seal, Phoca caspica
Australian sea lion, Neophoca cinerea
Hawaiian monk seal, Neomonachus
schauinslandi
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B.6. Polar Bears
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Consider when assessing

Seismic surveys

Civil high power sonar

Coastal and offshore construction works
Offshore platforms

Playback and sound exposure experiments
Pingers and other noise-generating
activities
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Related modules
= Refer also to modules B.1 and B.5 when
assessing impact to polar bears

B.6.1. Species Vulnerabilities

There are two studies of polar bear
hearing, showing that polar bears have hearing
similar to humans, and that best sensitivity was
shown between 11.2 — 22.5 kHz (Nachtigall et
al 2007), and 8 — 14 kHz (Owen and Bowles
2011).

There have not been many specific
studies of polar bears and noise. It has been
shown that polar bears in Spitsbergen are
disturbed by snowmobiles and can show strong
behavioural reactions on a distance of 2-3 km,
females with cubs showing stronger reactions
at longer distance than adult males (Andersen
and Aars 2008).

Polar bear would be highly vulnerable
when hunting, as they are hunting for seals and
depend on stealth, either by sneaking up on
seals or by waiting at seal breathing holes in
the ice (Stirling 1974, Stirling and Latour
1978). Studies indicate that denning females
could be somewhat protected from noise from
seismic air guns, although they could be
vulnerable if sound sources are within close
proximity of the den (less than 100 m) (Blix
and Lentfer 1992).

B.6.2. Habitat Considerations

Polar bear's essential habitat is sea ice.
Polar bears would prefer to stay on sea ice
covering shallow and productive shelf areas
(Durner et al 2009, Schliebe et al 2006). There
would be particular concerns associated with
all activities that have an impact in areas which
resource selection functions have shown are
preferred sea ice habitat for polar bears
{Durner et al 2009).

Some models project an ice-free Arctic
Basin in summer in just a few years from now,
before 2020 (Maslowski et al 2012), and
modelling studies have shown that most
subpopulations will be reduced and experience
large environmental stress (Amstrup ef al
2008, Hamilton et al 2014).

Although not exclusively associated
with specific habitats, there are certain
activities that might be a concern. Some
industrial activities are located in important
habitat, of special concemn is oil drilling
activities on sea ice in productive sea areas,
and the prospect of new developments of
petroleum exploration in critical habitat,
especially in North America. It must be noted
that there are little or no specific studies of the
effect of noise or manmade sound on polar
bears, thus the level of impact is to a large
degree inferred from general expert knowledge
of the effect of disturbance on these animals.

Future impact from disturbance from
sound exposure needs to be focused on
denning areas in spring, and areas of sea ice
and glacier fronts that are used by females with
cubs-of-the-year to find food immediately after
den emergence. Arctic areas in northern
Canada, bordering to the Arctic Basin are
generally the areas where one expects sea ice
habitat to persist for the longest period
(Amstrup ef al 2007).

B.6.3. Impact of Exposure Levels

Given the specific vulnerability of polar
bears to habitat loss, the exposure level of
polar bears, especially in denning areas in
spring, and areas of sea ice and glacier fronts
that are used by females with cubs-of-the-year
to find food immediately after den emergence
should be prioritized.

B.6.4. Assessment Criteria

An assessment of the future impact of
noise would have to take into account the
dramatically decreasing area of critical sea ice
habitat, in some areas the length of the ice-free
period from ice melt in spring till ice freeze-up
in fall, has increased by more than 140 days in
the period 1979-2015 (Laidre et al 2015).

A minimum would be that EIAs on
impact of sound would assess to what extent
sound exposure would be detrimental to
reproductive success by directly considering
the effect of sound in denning areas and
productive sea ice areas in the vicinity of
denning areas, and also areas of sea ice over
productive shelf areas.
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Consider when assessing

Military sonar

Seismic surveys

Civil high power sonar

Coastal construction works

Playback and sound exposure experiments
Vessel traffic greater than 100 metric tons
Vessel traffic less than 100 metric tons
Pingers and other noise-generating
activities

Related CMS agreements

= MOU Concerning the Conservation of the
Manatee and Small Cetaceans of Western
Africa and Macaronesia (West African
Aquatic Mammals)

=  MOU on the Conservation and
Management of Dugongs (Dugong dugon)
and their Habitats throughout their Range
(Dugong)

B.7.1. Species Vulnerabilities

Even though traditional ecological
knowledge and field observations (Marsh et a/
1978, Hartman 1979) suggest that sirenians
(manatees and dugongs) have ‘exceptional
| acoustic sensitivity’, scientific research on
their hearing and reactions to marine noise is
relatively sparse. Published hearing studies are
based on the Florida manatee, Trichechus
manatus latirostis, while behavioural studies
on reactions to noise are limited to the Florida
manatee, the Antillean manatee, Trichechus
manatus, and the dugong, Dugong dugon.
Although most of this research is limited to
sounds in water, behavioural observations
indicate that sirenians are capable of detecting
some sounds in air above the surface (Hartman
1979).

Evoked potentials recorded for Florida
manatees (Bullock et al 1982, Mann et al
2005) demonstrated variable sensitivity over a
range of frequencies from about 200Hz to 35—
40 kHz with greatest sensitivity in the lower
range at 1-1.5 kHz. In-water behavioural
audiograms of four captive Florida manatees
identified the frequency range of best hearing
as 6 to 32 kHz (Gerstein et al 1999, Gerstein
2002, Gaspard et al 2012), with individual
variation within this range. Peak hearing
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sensitivity has been variously reported as 16-
18 kHz (Gerstein er al 1999, Gerstein 2002)
and 8 kHz (Gaspard et al 2012). Gaspard et al
(2012) also reported that one of their test
animals appeared to be able to hear loud
sounds as low as 0.25 kHz and ultrasonic
frequencies as high as 90.5 kHz. Gerstein et al
(1999) speculated that the greater sensitivity to
higher frequencies observed in their audiogram
research may be an adaptation that enabled
manatees to avoid the complications associated
with perceiving sound reflections propagated
from the water-air interface (Lloyd mirror
effect) in the shallow depths typical of their
habitats, raising the interesting question of
what these animals can hear when at the
surface.

Both Gerstein (1999) and Gaspard et al
(2012) conducted in-water behavioural
experiments on captive Florida manatees to
measure critical ratios, The differences in their
results likely reflect both their different
experimental protocols and individual
differences in the manatees’ responses.
Gaspard et al (2012) found that the manatees
have relatively narrow auditory filters and
struggle to hear lower and higher pitched
sounds above background noise. However,
manatee hearing was much sharper at 8 kHz —
the frequency at which manatees communicate
— where they could still distinguish tones that
were only 18.3 dB louder than the background.
This estimate of the manatee’s critical ratio (8
kHz) is among the lowest measured in
mammals (Gaspard et al 2012) suggesting that
generic marine mammal impact guidelines
may not be appropriate for sirenians.

Field studies show that both the Florida
manatee (Miksis-Olds et al 2007) and the
dugong (Hodgson and Marsh 2007) exhibit
short-term behavioural responses to noise.
Miksis-Olds and Wagner (2010) showed that
elevated sound levels affect the patterns of
behaviour of the Florida manatee and that the
response is a function of the manatee’s
behavioural state. When ambient sounds were
highest, the manatees spent more time feeding
and less time milling. In contrast, Hodgson and
Matsh’s (2007) experimental and behavioural
studies showed that the time that dugongs
spent feeding and travelling was unaffected by
boat presence, the number of boat passes and
whether a pass included a stop and restart.
However, focal dugongs were less likely to
continue feeding if the boat passed within 50
m, than if the boat passed at a greater distance.
Boats passing at a range of speeds, and at
distances of less than 50 m to over 500 m
evoked mass movements of dugong feeding
herds, but such movements only lasted a




couple of minutes, Castelblanco-Martinez and
Arévalo-Gonzilez (2015) experimentally
studied the effects of side-scan sonar operating
455 kHz on the behaviour of 12 captive
Antillean manatees. All the observed manatees
variously showed behavioural changes
including stopping foraging and feeding,
significantly reducing displacement and
remaining still at the bottom or at the surface,
and increasing displacement behaviour. One
male displayed continuous spinning
movements for almost the entire experimental
session, Most animals avoided the area nearest
to the transducer.

Sirenians are not wilderness animals
(Marsh et al 2011). Manatees occur in the
inshore waters of Florida and have continued
to use the intra-coastal waterway and
residential canal estates, despite a high level of
vessel activity (for references see Marsh et al
2011). Dugongs continue to use Johore Strait
between Singapore and Peninsula area, one of
the most heavily-used coastal waterways in the
world, and are often detected in ports and
military training areas along the Queensland
east coast on the basis of their feeding trails
and satellite tracking (Marsh et al 2011,
Cleguer et al 2016). Hodgson et al (2007)
experimentally tested the behavioural
responses of dugongs to 4 and 10 kHz acoustic
alarms (pingers). The rate of decline of the
number of dugongs within the focal arena did
not change significantly while pingers were
activated. Dugongs passed between the pingers
irrespective of whether the alarms were active
or inactive, fed throughout the experiments and
did not change their orientation to investigate
pinger noise, or their likelihood of vocalizing.
Thus despite the short-term behavioural
responses noted above, there is no evidence
that wild dugongs or Florida manatees are
displaced by underwater noise, including side
scan sonar (Gonzalez-Socoloske et al 2009).
The reaction of dugongs and manatees to
impulsive sounds does not appear to have been
formally tested.

Both manatees and dugongs use
underwater sound for communication. There
have been numerous studies of sirenian
communication sounds (see Marsh et al 2011)
Characteristics of individual call notes seem
fairly similar among the species of sirenians.
Frequency ranges are typically from 1 to 18
kHz, often with harmonics and non-
harmonically related overtones (e.g Anderson
and Barclay 1995, Sousa-Lima et al 2002,
O’Shea and Poche 2006).

Adults of both sexes produce
vocalizations, but exchanges of
communication calls are most common

between cows and their nursing calves. Florida
manatee calves vocalize at much greater rates
than adults (Sousa-Lima et al 2002, O’Shea
and Poche 2006). Manatees other than cows
and calves vocalize at rates that vary with
activity and behavioural context, and are
lowest during resting, intermediate while
travelling, and highest at nursing and other
social situations (Reynolds 1981, Bengtson
and Fitzgerald 1985, Williams 2005, O’Shea
and Poche 2006, Miksis-Olds and Tyack
2009). Dugongs seem to vocalize more often
during dark, early morning hours (Ichikawa et
al 2006). No data are available on vocal
communication in African manatees,
Trichechus senegalensis, although recordings
and sound spectrograms of calls of an isolated
captive calf in Cote d’Ivoire were similar to
those of some Florida and Amazonian manatee
calves (TJ O’Shea unpublished). Florida
manatees may alter vocalization parameters in
response to environmental noise levels
(Miksis-Olds and Tyack 2009). Sakamoto et al
(2006) attempted to quantify the effect of
vessel noise on the vocal characteristics of
dugongs (number of call per minute, dominant
frequency and call duration). None of the
changes was significant.

We know of no information regarding
PTS, TTS or noise-induced anditory damage in
sirenians.

B.7.2. Habitat Considerations

In the marine environment, both
manatees and dugongs mostly occur in shallow
waters because of their dependence of seagrass
communities (Marsh et al 2011). Antillean and
African manatees are both riverine and
estuarine and in the marine environment
mainly occur in water less than 5 m deep.
Dugongs are strictly marine, feeding in waters
up to about 35 m deep. They may occasionally
cross ocean trenches (see Marsh et al 2011),
but typically spend most of their lives in much
shallower inshore coastal and island waters
often commuting with the tide to or from
intertidal seagrass meadows (Marsh ef al
2011). There is increasing evidence that
dugong migration corridors follow topographic
features such as coastlines (Zeh ef al 2016 in
press) or reef crests (Cleguer 2015).

B.7.3. Impact of Exposure Levels

Given that the available evidence
suggests that manatees and dugongs are
unlikely to be displaced by noise, the most
practical approach to reducing the risk of
impacts is avoidance of the overlap of acute
sound impacts with seasonal aggregation sites




and periods when the animals are likely to be
under stress. Seasonal aggregation sites are
most likely at the high latitude limits of the
ranges of dugongs and manatees and typically
occur as a behavioural repose to thermal
conditions or prolonged periods of rough
weather (see Marsh ef al 2002 and 2011 for
details of some well-known sites in Florida,
Australia and the Arabian region). Site-specific
information on this topic should be a focus of
the Environmental Impact Assessment process.
Extreme weather events such as cyclones or
prolonged cold fronts can cause substantial
increases in mortality (Marsh et al 2011,
Meager and Limpus 2013) and noisy
construction impacts should be planned to
avoid times of likely environmental stress.

B.7.4. Assessment Criteria

We know of no field studies on the
effects of anthropogenic noise, other than
vessel noise on sirenians. The effect of vessel
noise per se seems much less than that of
vessel collisions. This lack of evidence does
not prove that noise has negligible
consequences for sirenian conservation, and
more attention should be dedicated to a better
understanding of possible impacts and ways to
ameliorate them. A precautionary approach to
the exposure of manatees and dugongs to
noise, especially at key habitats and
aggregation sites, is warranted.
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Related modules
Refer also to modules B.10, B.12 and C
when assessing impact to marine and sea
otters

B.8.1. Species Vulnerabilities

The marine otter, Lontra feline, and sea
otter, Enhydra lutris, are amphibious marine
mammals that may be vulnerable to coastal
anthropogenic disturbance. Auditory
thresholds for sea otters have been measured in
air and underwater from 125 Hz to 40 kHz.
Critical ratios data indicate that although sea
otters can detect underwater sounds, their
hearing appears to be primarily air adapted and
not specialized for detecting signals in
background noise. (Ghoul and Reichmuth
2012, 2014, 2016)

B.8.2. Habitat Considerations

There is little definitive research
available about the specific anthropogenic
noise vulnerabilities of this species group, but
given the frequency range of hearing and the
knowledge that these animals are social
communicators and benthic foragers,
(McShane et al 1995, Leuchtenberger et al
2014, Lemasson et al 2014, Thometz et al
2015) this species group should be considered.
Their dependence on restricted nearshore
habitats puts sea otters at risk from acoustic
disturbance and activities occurring both on
land and at sea. (Ghoul and Reichmuth 2016)

B.8.3. Impact of Exposure Levels

Ghoul and Reichmuth (2016) have
conducted the only known assessment of sea
otter hearing sensitivity. They found that
hearing was most sensitive at 8 and 16 kHz,

where measured thresholds were the lowest at
69 dB re 1 pPa. The range of best sensitivity in
water spanned ~4.5 octaves, from 4 to 22.6
kHz. The roll-off in high-frequency hearing
was typically steep and had a 28-dB increase
within a half-octave frequency step. Low-
frequency hearing (0.125~1 kHz) was notably
poor. The sea otter was unable to detect signals
below 100 dB re | yPa within this frequency
range. Noise spectral density levels in the
underwater testing enclosure were sufficiently
low to ensure that the measured thresholds
were not influenced by background noise,
especially at frequencies above 0.5 kHz, where
noise levels were below 60 dB re 1 pPa/VHz.
(Ghoul and Reichmuth 2016)

B.8.4. Assessment Criteria

Regulators estimating zones of auditory
masking for sea otters should follow the
guidance given for other marine mammals and
opt for conservative estimates until additional
data are available. (Southall et al 2000)

B.8.5. Species not listed on the
CMS Appendices that should also be
considered during assessments

Sea otters, Enhydra lutris, are classified
by IUCN as Endangered, and should also be
considered during assessments.
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Related CMS agreements
MOU Concerning Conservation Measures
for Marine Turtles of the Atlantic Coast of
Africa (Atlantic marine turtles)

= MOU on the Conservation and
Management of Marine Turtles and their
Habitats of the Indian Ocean and South-
East Asia (IOSEA)

Related modules
»  Refer also to modules B.12 and C when
assessing impact to marine turtles

B.9.1. Species Vulnerabilities

Although the ecological role of hearing
has not been well studied for sea turtles,
hearing capacity has been inferred from
morphological and electrophysiological
studies. (Southwood et al 2008)

Sea turtles do not have an external ear,
in fact, the tympanum is simply a continuation
of the facial tissue. Researchers have
speculated that the cochlea and saccule are not
optimized for hearing in air, but rather are
adapted for sound conduction through two
media, bone and water. Recent imaging data
strongly suggest that the fats adjacent to the
tympanal plates in at least three sea turtle
species are highly specialized for underwater
sound conduction. (Moein Bartol and Musick,
2003)

Hearing range (50-1200 Hz: Viada et al
2008, Martin et al 2012, Popper et al 2014)
coincides with the predominant frequencies of
anthropogenic noise, increasing the likelihood
that sea turtles might experience negative
effects from noise exposure.

At present, sea turtles are known to
sense low frequency sound, however, little is
known about the extent of noise exposure from
anthropogenic sources in their natural habitats,
or the potential impacts of increased
anthropogenic noise exposure on sea turtle
biology. Behaviour responses have been
clearly demonstrated. (Samuel ef al 2005)

Prolonged exposure could be highly
disruptive to the health and ecology of the
animals, encouraging avoidance behaviour,
increasing stress and aggression levels, causing
physiological damage through either
temporary or even permanent threshold shifts,
altering surfacing and diving rates, or masking
orientation cues. (Samuel et al 2005)

B.9.2. Habitat Considerations

Sea turtles have been shown to exhibit
strong fidelity to fixed migratory corridors,
habitual foraging grounds, and nesting areas
(Avens et al 2003), and such apparent
inflexibility could prevent sea turtles from
selecting alternate, quieter habitats.

The potential of noise for displacing
turtles from their favoured or optimal habitat is
unknown, but if it were to occur it could have
negative consequences on growth, orientation,
etc.

B.9.3. Impact of Exposure Levels

Sea turtles are low frequency specialists,
but their range appears to differ between
populations. Animals belonging to one
population of subadult green turtles have been
shown to detect frequencies between 100-500
Hz with their most sensitive hearing between
200-400Hz. Another responded to sounds
from 100-800 Hz, with their most sensitive
range being 600-700Hz. Juvenile Kemp’s
ridley turtles had a range of 100-500Hz, with
their most sensitive hearing been 110-200Hz.
(Moein Bartol and Ketten, 2006)

B.9.4. Assessment Criteria

It is important that assessment of impact
for sea turtles both considers the physiological
impact (TTS and PTS) as well as the very real
possibility of masking prey movements, and
impacts to nesting behaviour, in particular
during inter-nesting resting. Some sea turtles
may not appear to noise-generating industries
to have been physically displaced by loud
noise but these animals may be effectively
prevented from foraging, due to an ensonified
foraging environment.




Possible effects of distribution
(avoidance behaviour) orientation, and even
communication (e.g in the hatching phase)
cannot be discounted.
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B.10.1.Species Vulnerabilities

The use of explosives will kill fin-fish
inside a certain range (Yelverton et al 1975),
with impact zones given in Popper et al
(2014). Intense non-explosive, impulse noise
such as pile driving or seismic surveys may
impact adult fin-fish by: a) creating

physiological damage such as rupturing gas
spaces (ie. Halverson et al 2012), b) damaging
sensory systems (McCauley ef al 2003), ¢)
creating adverse behavioural responses (e.g.
Pearson et al 1996, McCauley et al 2003,
Slotte et al 2004, Fewtrell and McCauley
2012, Hawkings et al 2014), d) masking the
reception of signals of interest, or ¢) disrupting
prey physiology, behaviour or abundance. For
fin-fish the sustained but less intense noise
from vessels or offshore construction activities
may commonly produce behavioural impacts
or masking of communication signals as
indicated above. Fin-fish exposed to lower
level, man-made noise for suitable time
periods may receive damage to hearing
systems and so suffer a loss of fitness.

There is an enormous amount of
variability in the degree of sophistication of
fin-fish hearing systems and habits which may
pre-dispose or protect them from impacts of
man-made noise sources, thus it is difficult to
generalize known impacts across all fin-fish
species with a high degree of confidence. In
general terms: explosives routinely cause fin-
fish deaths out to some range and sub-lethal
injuries beyond this, pile driving is known to
produce serious physiological and organ
damage to fin-fish at short range, in some
cases marine seismic surveys with air guns
have produced hearing damage to fin-fish
while in other cases such damage has not been
observed, and most man-made noise sources
are capable of producing fin-fish behavioural
or masking impacts to some degree.
Behavioural response to an approaching noise
source by fin-fish seems to be reasonably
generic, pelagic fin-fish tend to move
downwards to eventually lie close to the
seabed or flee laterally while site-attached fish
may initially seek shelter in refuges or flee. At
least some species of fin-fish do habituate to
continual and stationary low level noise as they
readily colonize man-made offshore facilities.
The longer-term implications of consistent
behaviour changes or slight physiological
impairment from intense signals produced by
seismic surveys are not well understood.

Many fin-fish form aggregations at
specific times and places to spawn and produce
fertilized eggs. Such aggregations may be
spaced across several months or may occur
only on few occasions per season. Many fin-
fish species produce communication sounds as
part of such aggregations (ie. McCauley 2001).
Disruptions to such fin-fish spawning
aggregations by excessive noise causing
physiological or behavioural changes and
which overlaps a large fraction of the species'
seasonal spawning period will have deleterious




impacts on the following years reproductive
output.

All fin-fish are dependent on smaller
prey species which may be impacted by man-
made noise sources. Prey may include fin-fish
or invertebrates. In general terms small,
common, fin-fish prey species, such as
sardines, herring or pilchards, have well
developed sensory systems thus may be
equally or more vulnerable to exposure to
intense man-made noise than the larger fin-fish
which prey on them. The response of marine
invertebrates to intense signals such as seismic
survey noise, are poorly known so it is difficult
to draw conclusions or comparisons on how
invertebrate prey fields will be impacted by
noise exposure. Any changes to prey fields
induced by a man-made noise source will
impact fauna, possibly negatively, higher up
the food chain. :

All impacts of man-made noise sources
on fin-fish need to be gauged at the population
level. Noise sources which produce short term
impacts, localized impacts compared with a
species range, or which do not overlap well
with habitats or time and spatial overlap of
spawning periods would be expected to be of
low severity form a population perspective,
and vice versa.

B.10.2. Habitat Considerations

Fin-fish occupy an enormous variety of
habitats, from deep ocean depths, pelagic
systems, reefs and shoals, estuarine waters to
inland waterways. Some fish may utilize
multiple habitats on a seasonal or life cycle
basis. In general terms habitats which are
enclosed, such as estuaries, bays or reefs for
site attached fin-fish, may be more susceptible
to exposure by intense sound sources as the
fin-fish have little options to escape the source.
By contrast fin-fish that occupy physically
larger spaces, such as oceanic species, have
more options of where to flee and may be less
constrained by the implications of moving
geographical regions to avoid a noise source.

B.10.3. Impact of Exposure Levels

Known impacts of intense impulse noise
exposure on fin-fish include consistencies in
fish behavioural response to sound, but many
anomalies. For high-energy impulse signals,
such as seismic survey signals, the following
can be said:

Fish behaviour most often changes at
some range near to an approaching seismic
vessel and generalized changes include diving,
lateral spread or fleeing an area (e.g. Pearson
et al 1996, McCauley et al 2003, Slotte et al

2004, Fewtrell and McCauley 2012, Hawkings
et al 2014).

Fish behaviour is strongly impacted by
an approaching seismic source above received
levels of 145-150 dB re 1 uPa’.s (SEL)
(McCauley et af 2003), which equates to
around 2-10 km using measured air gun arrays
> 2000 cui.

Avoidance to an approaching seismic
vessel by fish may be partly driven by the fish
behavioural state, with feeding fishes
appearing to be more tolerant and in one
instance not showing avoidance to an
approaching seismic survey vessel (Pend ef al
2013).

Catch rates in some fisheries are altered
during and after seismic operations, prolonged
seismic can cause large-scale displacement of
fish resulting in decreased fish abundance in
and near a seismic operations area and
increased fish abundance at long range (tens of
km) from the seismic operations area (Engas et
al 1996, Slotte et al 2004),

Long-term monitoring of reef fish
community structure before and after a seismic
survey programme showed no large-scale
change in community structure (Miller and
Cripps 2013) and fish sound production
behaviour (chorusing) continued after a
seismic programme with no apparent long-
term change (McCauley 2011),

Exposure to accurately emulated
repeated pile driving signals suggest physical
injury (organ damage) arises at levels
equivalent to 1920 strikes at 179 dB re
1 uPa’s or 960 strikes at 182 dB re 1 pPa’.s,
or an equivalent single strike SEL of 210—

211 dB re 1 pPa’.s (Halvorsen et al 2012).

In a review of experimental findings of
sound on fishes Popper ef al (2014) present
sound exposure guidelines for fin-fish in the
form of estimated levels at which the following
occur: 1) mortality and potential mortal injury,
2) impairment — recoverable injury, 3)
impairment — TTS, 4) impairment — masking,
and 5) behavioural changes. They present these
impacts for three categories of fin-fish, 1) no
swim bladder, 2) swim bladder present but no
links to otolith system, or 3) swim bladder
present with links to otolith system, plus sea
turtles and eggs/larvae. Popper ef al (2014)
present this data for sources of explosives, pile
driving, air gun arrays, sonar and shipping,
Given the lack of experimental evidence for
most of these categories they were forced to:
1) either extrapolate from another exposure
type, animal group or both, and 2) rather than
presenting threshold levels often present the
subjectively evaluated likelihood of an impact
type occurring at 'near' (tens of m),
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B.11.1. Species Vulnerabilities

Elasmobranchs as a group are poorly
studied in relation to the potential impact of
anthropogenic sounds, although several studies
over time have been directed at particular
species of shark to improve knowledge of their
hearing mechanisms, abilities and implications
for management. From as early as the 1960s
(e.g. Nelson and Gruber, 1963), studies have
shown that large sharks (Carcharhinidae,
Sphyrnidae), in their natural environment,
were attracted to low-frequency
(predominantly 20 to 60 Hz) pulsed sounds,
but apparently not to higher frequency (400 to
600 Hz) pulsed sounds, or to low-frequency
continuous sounds. More recent research has
established the hearing range of sharks to be
between 40 Hz to approximately 800 Hz
(Myrberg 2001), with possible limits for
elasmobranchs in general at 201000 Hz
(Casper and Mann, 2006, 2010).

Noise within the sharks’ audible range
may be produced by several anthropogenic
sources such as shipping, underwater
construction, pile driving, dredging, power
stations and sonic surveys. It has been
suggested that loud sounds in their audible
range may repel sharks whereas low sounds
may attract them (Francis and Lyon, 2013),
probably as these latter mimics sounds emitted
by struggling prey. Response likely depends on

its distance from the source and the volume of
the source.

Although more recent research in
elasmobranch hearing and impacts in the wild
have been sparse at best, and nonexistent for
most species, there is evidence of habituation
or at least no negative reaction to noise levels
and frequencies from small boats operating
recreational diving or from SCUBA divers’
noises, even when these are regularly present
and arising from many sources (Lobel, 2009
and personal observations by the author of this
summary).

It is likely that elasmobranchs might
suffer more impacts from noise through the
effects it has on its prey species (Popper and
Hastings, 2009, Carlson, 2012), and perhaps
through acute events that impact concentration
sites such as social groupings of hammerhead
sharks, Sphyrna spp., and white sharks,
Carcharodon carcharias, around offshore
islands, as well as those gathering at coral reef
habitats, in these cases, displacement may
occur, either temporary or permanent, although
again lack of adequate field research prevents
any definitive conclusions. Several studies (eg
Klimley and Myrberg 1979, Banner 1972,
Myrberg et al 1978) indicate that
elasmobranchs show consistent withdrawal
from sources that are at close range and when
confronted with sudden onset of transmissions.
However they may habituate to these too if
events become frequent (Myrberg, 2001).
Seismic activities, pylon-driving operations,
explosive construction work and activities
involving similar pulsed sound emissions are
likely therefore to have the most impact on
elasmobranch species directly.

B.11.2. Habitat Considerations

Several species of elasmobranchs
exhibit some type of site-fidelity, either
permanent or seasonal. This has been observed
in particular regarding species of interest to the
dive industry. Some species of shark (eg
whitetip, Triaenodon obesus, blacktip,
Carcharinus melanopterus, and grey reef,
Carcharhinus amblyrhynchos) and the reef
manta, Manta alfredi, are particularly attached
to coral reef environments, while others exhibit
seasonal concentration around offshore islands
(eg hammerheads, Sphyrna lewini, at
Galépagos, Cocos and Malpelo Islands, white
sharks, Carcharodon carcharias, at Guadalupe
and Farallon Islands, whale sharks, Rhincodon
typus, at Holbox, Mexico, and several other
sites). Giant mantas Manta birostris also can
be found in seasonal concentrations such as in
Revillagigedo Islands in Mexico, Laje de
Santos in Brazil and La Plata in Ecuador.




Seasons for these aggregations vary from site
to site and by species and need to be assessed
on a case by case basis.

Acoustic impacts which might severely
affect vulnerable or complex habitats such as
coral reefs or mangrove forests (essential
nursery areas for some shark and ray species)
are certain to have an effect on its
elasmobranch fauna if it includes displacement
or damage to prey species and any physical
disruption of the habitat. Seasonal
concentration areas for sharks and rays can be
particularly vulnerable to acute acoustic
disturbance, which may result in abandonment
of the area or disruption of gregarious
behaviour whose implications are yet not fully
understood. Acute acoustic disturbances such
as seismic or sonic surveys and any activity
involving explosives in or around these critical
habitats (coral reefs, offshore islands and other
known seasonal concentration sites, key
feeding grounds) are likely to have serious
impacts on elasmobranch populations.

Although migration paths are still poorly
understood for most species, recent satellite
tagging research (e.g. Domeier and Nasby-
Lucas, 2008) has begun to reveal some
consistent patterns and as yet unknown
concentration areas away from above-water
topographic features. These areas likely
represent additional vulnerability corridors
where protection from acute acoustic
disturbance should be incorporated into
management actions.

B.11.3. Impact of Exposure Levels

As a group, elasmobranchs have been
poorly represented in field studies on
acoustics, with most knowledge available for
more “visible” species such as large sharks.
For these, observed impacts refer mostly to
short-term avoidance responses to loud,
sudden bursts of sound in their audible range,
although there’s evidence that the regularity of
such sounds might lead to habituation (see
references above).

Given that bony fish, which make the
majority of prey species for most sharks, may
be severely impacted by sound (Slabekoorn et
al., 2010), especially in loud bursts (eg
Carlson, 2012), it is perhaps this indirect effect
on prey that holds the most severe potential for
generating impacts on shark populations.

There is insufficient information to
assess long-term impacts or behavioral
changes in elasmobranchs from anthropogenic
noise that might affect survivability of species.
Existing studies indicate that the most direct
negative impact on the animals seems to be
displacement by sonic outbursts, while longer-

term exposure often seems to lead to
habituation (Lobel, 2009; Myrberg, 2001;
Myrberg at al., 1972).

B.11.4. Assessment Criteria

From available data it seems that there
are two main aspects of potential impacts on
elasmobranchs that merit particular
consideration: displacement or elimination of
prey species and displacement or disruption of
behaviour associated with specific sites by
sound bursts. Given that detailed studies are
mostly lacking, a precautionary approach to
the exposure of elasmobranchs to noise,
especially at key habitats and aggregation sites,
is warranted. In particular activities involving
the use of equipment or methods that generate
loud sonic outbursts near known or estimated
aggregation areas, or which might physically
injure or displace prey, need to be carried out
with adequate assessment (including baseline
surveys for elasmobranch species and their
prey) and mitigation measures as feasible and
appropriate. Also, proposed activities that alter
or impact key habitats such as coral reefs,
mangroves or offshore islands with known
aggregations of elasmobranch species should
be carried out with extreme caution and this
group of species should be explicitly
considered in studies and proposed
management measures to reduce potential
impacts.

B.11.5. Species not listed on the
CMS Appendices that should also be
considered during assessments

In general, listed species include those
for which several acoustic and hearing studies
exist, but as for the entire group detailed
acoustic impact studies are lacking. The
development and collation of more detailed
data on a species by species basis could greatly
help improve our understanding of the impacts
of anthropogenic noise on their physiology and
life cycles. Lack of information on most
elasmobranch species is an impediment to the
provision of any meaningful advice on species
not listed on the CMS Appendices,
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*  MOU on the Conservation of Migratory
Sharks (Sharks)

Related modules
= Refer also to modules B.10 when assessing
impact to marine invertebrates

B.12.1.Species Vulnerabilities

Very little is known about effects of
anthropogenic noise on invertebrates (Morley
et al 2014). This includes more than 170,000
described species of multicellular marine

invertebrates in spite of their ecological and
economic importance worldwide (Anderson et
al 2011). Most research targets molluscs (e.g.
cephalopods, shellfish) and crustaceans (e.g.
crabs, shrimps, barnacles) (reviewed in Aguilar
de Soto, 2016).

Molluscs:

Two atypical mass-strandings involving
nine giant squids, Architeuthis dux, were
associated with seismic surveys co-occurring
in nearby underwater canyons where this
species concentrates (Guerra et al 2004, 2011).
Two specimens suffered extensive
multiorganic damage to internal muscle fibres,
gills, ovaries, stomach and digestive tract.
Other squids were probably disoriented due to
extensive damage in their statocysts. Damage
to the sensory epithelium was also observed in
four species of coastal cephalopods (Sepia
officinalis, Loligo vulgaris, Illex coindetii and
Octopus vulgaris) by exposure to two hours of
low-frequency sweeps at 100 per cent duty
cycle (André ef al 2011, Solé, 2012, Solé et a/
2013). Fewtrell and McCauley (2012) reported
that squid, Sepioteuthis australis, exposed to
seismic pulses from a single air gun showed
signs of stress such as significant increases in
the number of startle and alarm responses, with
ink ejection in many cases, increased activity
and changing position in the water column.

Delayed and abnormal development as
well as an increase in mortality rates in eggs
and larvae of shellfish exposed to noise have
been recorded in two species. New Zealand
scallop larvae, Pecten novaezelandiae,
exposed to playbacks of low frequency pulses
in the laboratory showed significant
developmental delays and developed body
abnormalities (Aguilar de Soto ef al 2013).
The number of eggs of sea hares, Stylocheilus
striatus, that failed to develop at the cleavage
stage, as well as the number that died shortly
after hatching, were significantly higherin a
group exposed to boat noise playback at sea
compared with playback of ambient noise
(Nedelec et al 2014). In contrast, playbacks of
ship-noise enhanced larval settlement in the
mussel, Perna canaliculus (Wilkens et al
2012) while seemed to increase biochemical
indicators of stress in adult mussels (Mytilus
edulis) (Wale et al 2016),

Crustaceans:

Stress responses were observed in
aquarium-dwelling brown shrimp, Crangon
crangon, exposed to ambient noise of some 30
dB higher than normal at 25-400 Hz
(Lagardere, 1982, Regnault and Lagardere,
1983). Shrimps did not seem to habituate




throughout the experiment. Similarly, shore
crabs, Carcinus maenas, increased metabolic
consumption and showed signals of stress
when exposed to playbacks of ship noise in the
laboratory. Crustacean larvae seem to differ in
their sensitivity to noise: larval dungeness
crabs, Metacarcinus magister, did not show
significant differences in survival nor in time-
to-moult when exposed to a single pulse from
a seven air gun array, even at the higher
received level of 231 dB re 1uPa (Pearson et al
1994), In contrast, larvae of other crab species,
Austrohelice crassa and Hemigrapsus
crenulatus megalopae, exposed to playbacks of
noise from tidal turbines tended to suffer
significant delays in time-to-moult (Pine et al
2012) and low-frequency noise exposure
inhibited settlement of early larvae of barnacle,
Balanus amphitrite (Branscomb and Rittschof,
1984). The apparent contradiction in the larval
responses from different species of crustaceans
may be due, among other things, to the
experimental set-up (wild versus laboratory,
one pulse versus a continuous exposure), the
biology of the species, or the characteristics of
the sound treatment. Cellular and humoral
immune responses of marine invertebrates to
noise have also been examined. In the
European spiny lobster, Palinurus elephas,
exposure to sounds resembling shipping noise
in the laboratory affected various
haematological and immunological parameters
considered to be potential health or disease
markers in crustaceans (Celi ef al 2014).

B.12.2. Habitat Considerations

Marine invertebrates inhabit a range of
habitats. Mainly, they may live associated to
the seafloor (benthic or bentho-pelagic species)
or free in the water column (pelagic). Many
species have an initial pelagic phase as larvae,
useful for dispersion, before finding suitable
habitat for settling into their adult life. Sound
from preferred habitats is one of the cues used
by larvae to find a suitable location to settle
(Stanley et al 2012). Once they settle, many
species have limited capabilities to move fast
enough at distances required to avoid noise
exposure, due to morphological constrains or
to territorial behaviour.

Species associated to the seafloor will be
more exposed to ground-transmission of noise.
This is especially relevant for intense low
frequency sounds directed towards the
seafloor, typical of seismic surveys. Seismic
pulses coupled with the seafloor and low
frequency vibrations can travel long distances
through the ground and can re-radiate to the
water depending on the structure and
composition of the seafloor. Marine

invertebrates are sensitive to the particle
motion component of sound, more than to the
pressure wave, they are well suited to detect
low frequency vibrations because these are
used, for example, to identify predators and
prey.

The variability in the extent of
barotrauma experienced by different giant
squid stranding at the same time, in
coincidence with the same seismic survey
(Guerra et al 2004, 2011), underlines the
difficulties inherent in predicting noise-
induced damage to animals in the wild. Here,
some giant squid suffered direct mortality from
barotrauma, while the death of others seemed
to be caused by indirect effects of
physiological and behavioural responses to
noise exposure. Direct injury (barotrauma) can
be explained by some animals being exposed
to higher sound levels due to complex patterns
of sound radiation creating zones of
convergence (Urick, 1983) of the seismic
sound waves reflected by the sea surface/sea
floor, and possibly by the walls of the steep
underwater canyons in the area where the
seismic survey took place.

Marine invertebrates often have discrete
spawning periods. It is unknown if eggs/larvae
have a greater vulnerability to sound-mediated
physiological or mechanical stress, or even
particular phases of larval development when
larvae undergo metamorphosis.

Metamorphosis involves selective
expression of genes mediating changes in body
arrangement, gene expression is susceptible to
stress, including from noise. Spawning periods
are key for the recruitment of marine
invertebrates and thus should be considered
when planning activities.

B.12.3. Impact of Exposure Levels

There are no data about thresholds of
pressure or particle motion initiating noise
impacts on marine invertebrates. Studies have
found a range of physiological effects
(reviewed in Aguilar de Soto and Kight 2016)
but there are no dose-response curves
identifying levels of impact onset. Moreover,
most studies report only sound pressure level,
while particle motion is relevant for the effects
of noise on these species. At a distance from
an acoustic source (in the far-field) the
pressure and particle motion components of
sound are easily predicted in a free
homogeneous environment such as the water
column. In contrast, in the near-field animals
may experience higher particle motions than
would be expected for the same pressure level
in the far-field. Intense underwater sound
sources such as air guns, pile driving, sonar




and blasting have back-calculated peak source
levels ranging from 230 to, in the case of
blasting, >300 dB re 1 pPa at 1m. These
activities routinely ensonify large areas with
sound pressure levels higher than the
thresholds of response observed in different
studies of noise-impacts on marine
invertebrates. For example, a seismic array
with an equivalent source level of 260 dB pk-p
re 1 pPa at Im will produce levels in excess of
160 dB,,;s over hundreds of km-squared. This
level was measured in an experiment reporting
noise-induced developmental delays and
malformations in scallop larvae (Aguilar de
Soto et al 2013). But the particle velocities
experienced by the larvae in the experiment
(about 4-6 mm s™' RMS) imply higher far-field
pressure levels of some 195-200 dB,,, re 1
uPa, reducing the potential impact zone to only
short ranges from the source. However, there
are several reasons why larvae in the wild may
be impacted over larger distances than these
approximate levels suggest. Given the strong
disruption of larval development reported,
weaker but still significant effects can be
expected at lower exposure levels and shorter
exposure durations. Moreover, low frequency
sounds propagate in complex sound fields in
which convergence zones and re-radiation of
sound transmitted through the sea-floor can
create regions with high sound levels far from
the source (Madsen et al 2006). The sound
field experienced by an organism is a complex
function of its location with respect to the
sound source and acoustic boundaries in the
ocean necessitating in situ measurements to
establish the precise exposure level.

B.12.4.Assessment Criteria

Benthic marine invertebrates often have
little movement capabilities further than a few
metres, limiting their options to avoid exposure
to anthropogenic noise. In the case of intense
low frequency noise, e.g. seismic or pile
driving, it is essential to consider ground-
transmission. For example, during a seismic
survey animals will be exposed to sound
received from the air gun array passing over
the location of the animals, but these
invertebrates will be receiving at the same time
ground-transmitted vibrations originated by
previous seismic pulses. Thus, animals will
experience waves arising from the water and
from the ground, differing in phase and other
parameters, Complex patterns of wave addition
mean that in some cases vibrations will sum,
increasing the levels of sound exposure to the
animals. Because ground vibrations may travel
tens of kilometres or more, the time that
benthic invertebrates will be exposed to a

given threshold of pressure or particle motion
will be increased when we consider seafloor
transmission. An alternative source for seismic
surveys (OVibroseis) is currently being tested.
In contrast to usual seismic surveys
transmitting pulses every 6 to 15 s from an air
gun array towed by a ship near the sea-surface,
Vibroseis is towed near the seafloor and emits
continuously, but at lower peak level. Thus,
duty cycle increases to 100 per cent. EIA of
Vibroseis and other low frequency sound
sources should include modelling particle
motion in the target area and consider
exposures to benthic fauna.

Results of experiments about effects of
noise on catch rates of marine invertebrates
have not shown significant effects:
Andriguetto-Filho et al (2005) did not find
changes on catches of shrimps after the
passage of a small air gun array. No effects of
seismic activities on catches of rock-lobsters
were found either by Parry et al (2006)
performing a long-term analysis of commercial
data. In contrast, fishermen have blamed
seismic sources for mortalities of scallops and
economic losses due to reduced catch rates.

Despite uncertainties about how noise
may affect marine fauna and fisheries, several
countries have already implemented
regulations that reduce overlap between
seismic surveys and fishing activities (mainly
of fin-fish). However, these regulations do not
address concerns of noise effects on eggs and
larvae, i.e. that noise might affect stock
recruitment and thereby cause delayed
reductions in catch rates.

Marine invertebrates form the base of
the trophic-web in the oceans, providing an
important food source for fish, marine
mammals and humans. In addition to direct
effects to adults, noise exposure during critical
growth intervals may contribute to stock
vulnerability, underlining the urgency to
investigate potential effects of acoustic
pollution on marine invertebrates at different
ontogenetic stages. Moreover, recent results
investigating the effects of noise on a range of
marine invertebrate species call for applying
the precautionary principle when planning
activities involving high-intensity sound
sources, such as explosions, construction, pile
driving or seismic exploration, in spawning
areas/times of marine invertebrates with high
natural and economic value.




B.12.5. Species not listed on the
CMS Appendices that should also be
considered during assessments

Some large cephalopods are migratory,
including the giant squid, Architeuthis sp
(Winkelmann et al 2013). Given the
vulnerability of this species to acoustic
sources, it should also be considered during
assessments.
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C. Decompression Stress

Decompression sickness (DCS, ‘the
bends’) is a disease associated with gas uptake
at pressure. As hydrostatic pressure increases
with depth, the amount of nitrogen (N,) that is
absorbed by the blood and tissues increases,
resulting in higher dissolved gas tensions that
could at maximum reach equilibrium with the
partial pressure of N, in the lungs. This is a
long-known problem for human divers
breathing pressurized air, but has often been
discounted as a problem for breath-hold divers
since they dive on only a single inhalation
(Scholander 1940). However, for free-diving
humans and other air-breathing animals,
tissues can become highly saturated under
certain circumstances depending on the
iterative process of loading during diving and
washout at the surface (Paulev 1967, Lemaitre
et al 2009). During decompression, if the
dissolved gas tension in the tissues cannot
equilibrate fast enough with the reducing
partial pressure of N, in the lungs, tissues will
become supersaturated, with the potential for
gas-bubble formation (Francis and Mitchell
2003).

Breath-hold diving vertebrates were
previously thought to be relatively immune to
DCS due to their multiple anatomical,
physiological and behavioural adaptations
(Fahlman et af 2006, Fahlman et a/ 2009,
Hooker et al 2012). However, recent
observations have shown that marine mammals
and turtles may be affected by decompression
sickness under certain circumstances (Jepson
et al 2005, Dennison ef a/ 2012, Van Bonn et
al 2013, Garcia-Parraga et al 2014). Of most
concern, however, are the beaked whales,
which appear to be particularly vulnerable to
anthropogenic stressors that may cause
decompression sickness (Jepson ef al 2003,
Cox et al 2006, D'Amico et al 2009, Hooker et
al 2009, Hooker ef al 2012).

C.1.1. Bubble Formation

Among marine mammals, both acute and
chronic gas emboli have been observed. The
formation of bubbles has been suggested as a
potential explanation for lesions coincident
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with intravascular and major organ gas emboli
in beaked whales that mass stranded in
conjunction with military exercises deploying
sonar (Jepson et al 2003, Fernandez et al
2005). There is some controversy about the
exact behaviour leading to the gas emboli
(Hooker et al 2012). However it is widely
agreed that this outcome was linked to man-
made acoustic disturbance. These types of
lesions have also been reported in some single-
stranded cetaceans for which they do not
appear to have been immediately fatal (Jepson
et al 2005, Bernaldo de Quirds et al 2012,
Bernaldo de Quirds ef al 2013). Looking at
species-specific variability in bubble presence
among stranded animals, the deeper divers
(Kogia, Physeter, Ziphius, Mesoplodon,
Globicephala, and Grampus) appeared to have
higher abundances of bubbles, suggesting that
deep-diving behaviour may lead to a higher
likelihood of decompression stress (Bernaldo
de Quirds et al 2012).

In addition, osteonecrosis-type surface
lesions have been reported in sperm whales
(Moore and Early 2004). These were
hypothesized to have been caused by repetitive
formation of asymptomatic N, emboli over
time and suggest that sperm whales live with
sub-lethal decompression induced bubbles on a
regular basis, but with long-term impacts on
bone health. Bubbles have also been observed
from marine mammals bycaught in fishing
nets, which died at depth (Moore et al 2009,
Bernaldo de Quirds et al 2013). These bubbles
suggested the animals’ tissues were
supersaturated sufficiently to cause bubble
formation when depressurized (as nets were
hauled). B-mode ultrasound has detected
bubbles in stranded (common and white-sided)
dolphins, which showed normal behaviour
after release and did not re-strand, and so
appeared to tolerate this bubble formation
(Dennison et al 2012). Cerebral gas lesions
have also been observed using Magnetic
Resonance Imaging in California sea lions,
Zalophus californianus, admitted to a
rehabilitation facility (Van Bonn et al 2011,
Van Bonn et al 2013).




It therefore appears that gas
supersaturation and bubble formation may
occur more routinely than previously thought.
These cases highlight a growing body of
evidence that marine mammals are living with
blood and tissue N, tensions that exceed
ambient levels (Moore et al 2009, Bernaldo de
Quirds et al 2013). However, our
understanding of how marine mammals
manage their blood gases during diving, and
the mechanism causing these levels to become
dangerous is very rudimentary (Hooker et al
2012). Some perceived threats appear to cause
a behavioural response that may override
normal N, management, resulting in
decompression sickness, stranding and death.

C.1.2. Sources of Decompression
Stress

Most evidence for both beaked whale
fatalities and for behavioural modification
(thought to be the precursor to further effects)
has suggested an anthropogenic sound source.
There is a documented association between
naval active sonar exercises (particularly mid-
frequency active sonar) and beaked whale
mass strandings (Frantzis 1998, Evans and
England 2001, Jepson et al 2003). Spatial and
temporal correlations between active sonar and
beaked whale strandings support this
conclusion but suggest a role for specific
bathymetric topography leading some areas to
show correlations while others do not
(Filadelfo et al 2009). A comprehensive
review of beaked whale mass strandings
(D'Amico et al 2009) suggested that some
strandings might be associated with other
source events. However, the evidence is less
comprehensive in support for high-intensity
underwater sounds other than mid-frequency
sonar causing fatalities for these species
(Taylor et al 2004; Barlow and Gisiner 2006).
In terms of other sources causing behavioural
modification, ship-noise appears to cause a
behavioural response disrupting foraging
behaviour in Cuvier’s beaked whales, Ziphius
cavirostris (Soto et al 2006).

Another form of decompression stress is
the oxidative stress caused by diving (Hermes-
Lima and Zenteno-Savin 2002). Episodic
regional lack of oxygen and abrupt reperfusion
upon re-surfacing creates a situation where
post-ischemic reactive oxygen species (ROS)
and physiological oxidative stress are likely to
occur. Decompression sickness likely has a
multifactorial origin, but this oxidative stress
could be a contributor (Wang et al 2015).

C.1.3. Source Frequency, Level and
Duration

Understanding the responses of
cetaceans to noise is a two-stage process: (1)
understanding the noise required to cause the
behavioural modification and (2)
understanding the physiological mechanism by
which that behavioural modification causes
harm to the animal. At present, almost all
research has focussed on the first of these, i.e.
work evaluating playback and response, and
almost nothing is known about how this
response then leads to decompression stress.

Several recent studies have found
similar behavioural responses of a small
number of beaked whales to sonar signals
(Tyack et al 2011, DeRuiter et al 2013,
Stimpert et al 2014, Miller et al 2015). These
studies have shown that beaked whales
respond behaviourally to sonar and other
human and natural stimuli, typically showing a
combination of avoidance and cessation of
noise-production associated with foraging
(Table 8). Responses to simulated sonar have
started at low received levels. These types of
behavioural changes were also documented in
work monitoring vocal activity using Navy
range hydrophones (Tyack et al 2011, Moretti
et al 2014).

C.1.4. Assessment Criteria

At the planning stage, the primary
mitigation method to reduce issues of
decompression stress would be to reduce the
interactions of stressor and animals (i.e. to
reduce the number of “takes”). Acknowledging
that there might be other planning issues that
limit flexibility, this could be done by placing
high-intensity noise into areas without high
densities of species of concern. Thus proposals
should take account of all survey and
modelling information sources to predict areas
of likelihood of high/low species density, and
attempt to reduce the number of impacted
animals by designing operations within areas
of lower animal density.

To supplement this, or in areas in which
such species densities are unknown, baseline
studies will be needed. Beaked whales are
particularly difficult to monitor visually
(surfacing for as little as 8 per cent of the
time), but have more reliable detection
acoustically (vocalising for 20 per cent of the
time, de Soto et al 2012). Hydrophone arrays
can detect animals at 2-6km distances (eg
Moretti ef al 2010, Von Benda-Beckmann et al
2010).

During the activity, real-time monitoring of
animal presence should be conducted using
visual and acoustic monitoring, with detections
within a specified range of the activity




resulting in cessation of the sound source.
Mitigation measures such as 'ramp-up' may be
effective, although some beaked whale species
show curiosity toward novel sounds which
may increase the likelihood of impact (Miller
et al. 2015).

Monitoring over a wider area can sometimes
be achieved using hydrophone arrays on the
seafloor (Moretti ef al/ 2010). Such
hydrophone arrays allow detection over a wide
but static area. Dynamic monitoring over a
wide area is not currently feasible.

Modelling of animal likelihood and
distance from the source should be carried out
in order to minimize received levels (Table 8),
thus reducing the risk of animals receiving too
high a dose which might incur DCS/death.

C.1.5. Species not listed on the CMS
Appendices that should also be
considered during assessments

Beaked whales, Ziphius cavirostris
(Appendix 1) and Hyperoodon spp and
Berardius spp (Appendix II) require additional
consideration. These species appear
particularly vulnerable to noise impacts. 20
species of Mesoplodon are currently missing
from the CMS Appendices and yet are likely to
also be vulnerable to noise impacts. All of
these species are likely to be particularly
sensitive to decompression stress.

Of other deep diving species which may
potentially be at increased risk of
decompression stress, Kogia are currently not
listed on either of the CMS Appendices,
Physeter is listed on Appendices I and II,
Globicephala on Appendix II, and Grampus
should also be considered during assessments.
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D. Exposure Levels

D.1. Impact of Exposure Levels
and Exposure Duration

One of the first comprehensive
definitions of exposure criteria for noise
impact on marine mammals considering two
types of impacts, namely auditory injury and
behavioural disturbances by three sound types
(single pulse, multiple pulse and nonpulse) has
been published by Southall et al (2007). Just
recently, the National Oceanic and
Atmospheric Administration (NOAA)
compiled and synthesized best available
science to guide the assessment of effects of
anthropogenic noise on marine mammals
(NOAA, 2016). Both guidance documents
consider cetaceans and pinnipeds assigned to
five functional hearing groups (i.e. low-
frequency cetaceans, mid-frequency cetaceans,
high-frequency cetaceans, pinniped in water,
pinnipeds in air and low-frequency cetaceans,
mid-frequency cetaceans, high-frequency
cetaceans, phocid pinnipeds underwater,
otariid pinnipeds underwater respectively). The
assignment to functional hearing groups was
based on functional hearing characteristics of
the species (e.g. frequency range of hearing,
auditory morphology) and with reference to
Southall et a/ as well the medium in which the
amphibious living pinnipeds were exposed to
sound. The developed noise exposure criteria
do not address polar bears, sirenians, and sea
otters due to the absence of necessary data in
these species. To account for different hearing
bandwidths and thus differences in impacts of
identical noise exposure frequency-weighting
functions were developed for each functional
hearing group and considered in the
formulation of the noise exposure criteria.
Southall et al and NOAA applied dual criteria
for noise exposure using peak sound pressure
level (SPL) and sound exposure level (SEL) in
each of the considered functional hearing
groups in order to account for all relevant
acoustic features such as sound level, sound
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energy, and exposure duration that influence
the impacts of noise on marine mammals.

The onset of a permanent threshold shift
(PTS-onset) has been considered as the onset
of auditory injury (Southall e al 2007, NOAA
2016, Finneran 2015). PTS-onset estimates are
applied in order to formulate dual noise
exposure levels. The PTS-onset thresholds
were estimated from measured TTS-onset
thresholds (=threshold where temporary
change in auditory sensitivity occurs without
tissue damage) in very few mid-frequency
odontocetes (i.e. bottlenose dolphin and
beluga) and pinnipeds (i.e. California sea lion,
northern elephant seal, and harbour seal) and
extrapolated to other marine mammals due to
the scarcity of available TTS data. It has been
noted, that this extrapolation from mid-
frequency cetaceans and the subsequent
formulation of exposure criteria may be
delicate in particular for high-frequency
cetaceans due to their generally lower hearing
threshold as compared to other cetaceans. The
growth rates of TTS were estimated based on
data in terrestrial and marine mammals
exposed to increasing noise levels. Noise
exposure levels for single pulse, multipulse
and nonpulse sounds were expressed for SPL
and SEL whereby the latter has been frequency
weighted to compensate for the differential
frequency sensitivity in each functional marine
mammal hearing group as described above. No
noise exposure criteria were developed by
Southall et al (2007) or NOAA (2016) for the
occurrence of non-auditory injuries (e.g.
altered immune response, energy reserves,
reproductive efforts due to stress, tissue injury
by gas and fat emboli), due to a lack of
conclusive scientific data to formulate
quantitative criteria for any other than auditory
injuries caused by noise.

Additionally to auditory injuries
Southall et al (2007) presented also explicit
sound exposure levels for noise impacts on
behaviour resulting in significant biological
responses (e.g. altered survival, growth,




reproduction) for single pulse noise. For the
latter it has been assumed that given the nature
(high peak and short duration) of a single pulse
behavioural disturbance may result from
transient effects on hearing (i.e. TTS).
Therefore, TTS values for SPL and SEL were
proposed as noise exposure levels. In contrast,
for multiple and nonpulse sounds it has been
taken into account that behavioural reactions to
sounds are highly context-dependent (e.g.
activity animals are engaged at the time of
noise exposure, habituation to sound) and
depending also among others on environmental
conditions and physiological characteristics
such as age and sex. Thus noise impact on
behaviour is less predictable and quantifiable
than effects of noise on hearing. Moreover,
adverse behavioural effects are expected to
occur below noise exposure levels causing
temporary loss of hearing sensitivity.
Therefore, a descriptive method has been
developed by Southall et.al. (2007) to assess
the severity of behavioural responses to
multipulse and nonpulse sound. This method
encompasses a quantitative scoring paradigm
which numerically ranks (scores) the severity
of behavioural responses. Noise exposure
levels have been identified in a scoring
analysis based on a thorough review of
empirical studies on behavioural responses of
marine mammals to noise. Reviewed cases
with adequate information on measured noise
levels and behavioural effects were then
considered in a severity scoring table with the
two dimensions, severity score and received
SPL.

In contrast to former sound exposure
assessment attempts Southall ez 2/ (2007) and
NOAA (2016) account for differences in
functional hearing bandwidth between marine
mammal groups through the developed
frequency-weighting functions. Thus, this
approach allows to assess the effects of intense
sounds on marine mammals under the
consideration of existing differences in
auditory capabilities across species and groups
respectively. Furthermore, as compared to the
widely used RMS sound pressure Southall et al
(2007) and NOAA (2016) propose dual criteria
sound metrics (SPL and SEL) to assess the
impact of noise on marine mammals,
accounting not only for sound pressure but also
for sound energy, duration and high-energy
transients.

All these aspects are certainly major
accomplishment as compared to earlier
attempts to assess noise effects on marine
mammals. However, it has also to be noted
that due to the absence of data noise exposure
criteria had to be based on extrapolations and

assumptions and therefore, as Southall et al
(2007) and Finneran (2015) pointed out,
caution is needed regarding the direct
application of the criteria presented and that it
is expected that criteria would change as better
data basis becomes available.

D.2. Species Vulnerabilities

The best documented vulnerabilities to
noise in marine mammals in terms of number
of studies and species involved are certainly
behavioural responses to noise. Only a few
studies considering a few species exist
regarding noise impacts on hearing and
hearing sensitivity and physiology in marine
mammals and therefore the respective
knowledge on specific vulnerabilities of noise
is rather scarce.

Auditory effects resulting from intense
noise exposure comprise temporary threshold
shift (TTS) and permanent threshold shift
(PTS) in hearing sensitivity. For marine
mammals TTS measurements exist for only a
few species and individuals whereas for PTS
no such data exist (Southall et al 2007,
Finneran 2015). Furthermore, noise may cause
auditory masking, the reduction in audibility of
biological important signals, as has been
shown for pinniped species in air and water
(Southall ef al 2000, 2003) and in killer whales
(Foote et al 2004) for example.

Physiological stress reactions induced
by noise may occur in cetaceans as has been
shown for few odontocete species where
altered neuro-endocrine and cardiovascular
functions occurred after high level noise
exposure (Romano et al 2004, Thomas et al
1990c). Furthermore, regarding noise-related
physiological effects it has to be noted that
scientific evidence indicates that in particular
beaked whales experience physiological
trauma after military sonar exposure (Jepson et
al 2003, Fernandez et al 2004, 2005) due to in
vivo nitrogen gas bubble formation.

The magnitude of the effects of noise on
behaviour may differ from biological
insignificant to significant (= potential to affect
vital activities such as foraging and
reproduction). Noise-induced behaviour
response may not only vary between
individuals but also intra-individually and
depends on a great variety of contextual (e.g.
biological activity animals are engaged in such
as feeding, mating), physiological (e.g. fitness,
age, sex), sensory (e.g. hearing sensitivity),
psychological (e.g. motivation, previous
history with the sound) environmental (e.g.
season, habitat type, sound transmission
characteristics) and operational (e.g. sound




type, sound source is moving / stationary,
sound level, duration of exposure) variables
(Wartzok et al 2004).

Observable behavioural responses to
noise include orientation reaction, change in
vocal behaviour or respiration rates, changes in
locomotion (speed, direction, dive profile),
changes in group composition (aggregation,
separation), aggressive behaviour related to
noise exposure and/or towards conspecifics,
cessation of reproductive behaviour, feeding or
social interaction, startle response, separation
of females and offspring, anti-predator
response, avoidance of sound source, attraction
by sound source, panic, flight, stampede,
stranding, long term avoidance of area,
habituation, sensitization, and tolerance
(Richardson ef al 1995, Gordon et al 2004,
Nowacek et al 2007, Wartzok et al 2004).

Studies have shown that in mysticetes
the reaction to the same received level of noise
depends on the activity in which whales are
engaged in at the time of exposure. For
migrating bowhead whales strong avoidance
behaviour to seismic air gun noise has been
observed at received levels of noise around
120 dB re 1 pPa while engaged in migration.
In contrast, strong behavioural disturbance in
other mysticetes such as gray and humpback
whales as well as feeding bowhead whales has
been observed at higher received levels around
150-160 dB re 1 pPa (Richardson et al 1985,
1999, Malme et al 1983, 1984, Ljungblad et a/
1988, Todd et al 1996, McCauley et al 1998,
Miller et al 2005). Furthermore, in different
dolphin species reactions to boat noise varied
from avoidance, ignorance and attraction
dependant on the activity state during exposure
(Richardson et al 1995).

Noise-induced vocal modulation may
include cessation of vocalization as observed
in right whales (Watkins 1986), sperm whales
and pilot whales (Watkins and Schevill 1975,
Bowles et al 1994) for example. Furthermore,
vocal response may include changes in output
frequency and sound level as well as in signal
duration (Au et al 1985, Miller et al 2000,
Biassoni et al 2000).

Noise-induced behaviour depends on the
characteristics of the area where animals are
during exposure and/or of prior history with
that sound. In belugas for example a series of
strong responses to ship noise such as flight,
abandonment of pod structure and vocal
modifications, changes in surfacing, diving and
respiration patterns has been observed at
relatively low received sound levels of 94-105
dB re 1 uPa in a partially confined area but the
animals returned after some days while ship

noise was higher than before (LGL and
Greeneridge 1986, Finley et al 1990).

The distance of a noise source or its
movement pattern influences the nature of
behavioural responses. For instance, in sperm
whales, changes in respiration and surfacing
rates has been observed in the vicinity of ships
(Gordon et al 1992) and dependant on whether
a ship is moving or not different reactions of
bowhead whales and other cetaceans have
been observed (Richardson et al 1995,
Wartzok et al 2004)

D.2.1. Species not listed on the CMS
Appendices that should also be
considered during assessments

= Deep-diving cetaceans, in particular beaked
whales need special consideration regarding
noise exposure levels due to the risk for
tissue trauma due to gas and fat emboli
under certain noise conditions.

= Due to their lower overall hearing
thresholds, high-frequency hearing
cetaceans (true porpoises, river dolphins,
Pontoporia blainvillei, Kogia breviceps,
Kogia sima, cephalorhynchids) may need
additional consideration as their sensitivity
to absolute levels of noise exposure may be
higher than other cetacean hearing groups.

= Southall ef al pointed out that due to a lack
of data they could not formulate noise
exposure levels for polar bears, sea otters,
and sirenians. Certainly a point which
needs consideration when dealing with
areas where these marine mammal taxa
occur.
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E. Marine Noise-generating Activities

E.1_Military Sonar

E.1.1. Low-Frequency Active Sonar

The evolution of lower frequency active
(LFA) sonar came from two needs. First, to
increase detection ranges to overcome passive
sonar systems and second, to compensate for
the improvements of stealth designs in
submarine hulls, part of which was an
anechoic coating that absorbed incident waves.
It was discovered this coating was less
efficient when exposed to longer wave lengths.

LFA sonars work below the 1kHz range.
For transmitting long distances efficiently,
high-powered modulated signals, typically 240
dB in water at 1m, peak value, (240 dB re
1uPa @ 1m peak) are produced lasting from
tens of seconds to sometimes minutes. An
example of this technology is the SURTASS-
LFA of the US navy that operates within 100-
500Hz range. (Lurton, 2010)

E.1.2. Mid-Frequency Active Sonar

Mid-frequency active (MFA) sonar is
used for detecting submarines at moderate
range, typically less than 10km.

MFA operates between 1-5 KHz range,
with a sound intensity level typically 235 dB in
water at 1m, peak value, (235 dB re 1uPa @
1m peak) with a pulse duration of 1-2 seconds.
(Hildebrand, 2009, Fildelfo et al 2009)

E.1.3. Continuous Active Sonar

The concept of continuous active sonar
(CAS) is generating interest in the anti-
submarine warfare community, largely due to
its 100 per cent duty cycle offering the
potential for rapid, continuous detection
updates. CAS operates between 500Hz to
3KHz range with sound intensity levels
typically 182 dB in water at 1m, peak value,
(182 dB re 1uPa @ 1m peak) with a signal
duration of 18 seconds (Murphy and Hines,
2015)
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E.1.4. Mine Counter Measures
Sonar

Underwater mines have proven, over
time, to be very effective. Their prevalence led
to the development of the Mine Counter
Measures (MCM) sonar. This system works at
very high frequency, usually between 100-
500kHz, to achieve high-quality acoustic
imaging of the sea floor and water column.
Targets, semi-buried or suspended from the sea
floor, are easily identified. (Lurton, 2010)

E.1.5. Acoustic Minesweeping
Systems

Acoustic Minesweeping Systems are
another mine counter-measure that produces a
low-frequency broadband transmission,
mimicking the sound produced by certain
\zfgssels whereby detonating the mine. (Lurton,

10)

E.2. _Seismic Surveys

The commonly used surveying method
for offshore petroleum exploration is ‘seismic
reflection’. This is simply sound energy
emitted from a sound source (air gun array)
several metres below the sea surface that
penetrates subsurface layers of the seabed and
is reflected and refracted to the surface where
it is detected by acoustic receivers
(accelerometers and geophones).

These surveys are typically conducted
using specially equipped vessels that tow one
or more cables (streamers) with geophones at
constant intervals. Air guns vary in size, and in
conjunction with the charge pressure,
determine the sound intensity level and
frequency.

Frequencies used for seismic surveys are
between 10-200Hz and down to 4-5Hz for the
larger air guns. However, there are unused
high-frequency components up to 150kHz,
with a very high discharge at the onset of the
pulse. (Goold and Coates, 2006)

The typical discharge sound intensity
level of each pulse of an air gun array is
around 260-262 dB in water at 1m, peak to
peak value, (260-262 dB re 1iPa @ 1m p-p)




(OSPAR, 2009) every 10-15 seconds, and
surveys typically run more or less continuously
over many weeks. (Urick, 1983, Clay and
Medwin, 1997, Caldwell and Dragoset, 2000,
Dragoset, 2000, Lurton, 2010, Prideaux and
Prideaux, 2015)

E.3. Civil High Power Sonar

Seafloor mapping sonar systems are
probably one of the most prolific forms of
underwater noise generation. The main
application is coastal navigation for the
production of bathymetric charts. Other
applications include geology, geophysics,
underwater cables and oil industry exploration.
Three examples are Single Beam Sounders
(SBES), Sidescan Sonars and Multibeam
Echosounders (MBES).

E.3.1. Single Beam Sounders

Single beam sounders point vertically
below the vessel and transmit a short signal,
typically 0.1ms. The frequencies vary on their
application. For deep water, the frequency
would be around 12kHz and increase to 200,
400 and even 700KHz for shallow water. The
sound intensity level is usually around 240 dB
in water at 1m, peak value (240 dB re 1uPa @
Im peak). (Lurton, 2010)

E.3.2. Sidescan Sonar

Sidescan sonar system structures are
similar to single-beam sonars. This sonar
differs as it is installed on a platform or
“towfish” and towed behind a vessel close to
the seabed. Two antennae are placed
perpendicularly to the body of the towfish,
pointing fractionally to the sea floor. The
transmission of the sidescan sonar insonifies
the sea floor with a very narrow perpendicular
band. The echo received along time reflects the
irregularities of the sea floor. A simple analogy
is the scan mechanism of a photo copier. The
operating frequency is usually in the range of
many hundreds of kHz with the pulse duration
0.1ms or less. (Lurton, 2010)

E.3.3. Multibeam Echosounder

Multibeam echosounders are the major
tool for seafloor mapping, for hydrography and
offshore industry applications. The
transmission and receiving arrays are mounted
on the vessel to create a narrow beam, fan-like
150° spread, perpendicular to the keel.

Multibeam sounders can be put into
three main categories depending on their
system structure and varied uses:
®  deep water systems, designed for regional

mapping, 12khz for deep ocean, 30khz for
continental slopes;
= shallow water systems designed for

i .:,fﬁ_MS?Fami_I:v‘M ise Guidel

msg:ping continental shelves, 70-200kHz;
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= high-resolution systems for hydrography,
shipwreck location and underwater
structural inspection, 300-500khz.

The attraction for multibeam systems is
the scale of area that can be covered over time.,
For instance, a deep water configured
multibeam sounder with a 20km fan/spread
can cover 10,000km? per day. (Lurton, 2010)

E.3.4. Boomers, Sparkers and
Chirps

Sparkers and boomers are devices used
to determine shallow features in sediments.
These devices may also be towed behind a
survey vessel, with their signals penetrating
several tens (boomer) or hundred (sparker) of
metres of sediments. Typical sound intensity
levels of sparkers are approximately 204-210
dB in water at 1m, rms value (204-210dB re 1
pPa @ 1 m). Deep-tow boomer sound
intensity levels are approximately 220 dB in
water at Im, rms value (220 dBre 1 pPa @ 1
m). The frequency range of both is 80Hz-
10kHz, and the pulse length is 0.2 ms. (Aiello
et al 2012, OSPAR, 2009)

Chirps produce sound in the upper-
frequency range around 20Hz-20 kHz.
(Mosher and Simpkin, 1999) The sound
intensity level for these devices is about 210-
230 dB in water at 1m, peak value, (210-230
dB re 1 uPa @ 1 m) and the pulse length is
250ms. (Dybedal and Boe, 1994, Lee et al
2008, OSPAR, 2009)

E.4. Coastal and Offshore
Construction Works

E.4.1. Explosions

Explosions are used in construction and
for the removal of unwanted seabed structures.
Underwater explosions are one the strongest
anthropogenic sound sources and can travel
great distances. (Richardson et a/ 1995) Sound
intensity levels vary with the type and amount
of explosive used and the depth to which it is
detonated. TNT, 1-100lbs, can produce a
sound intensity level from 272-287 dB in water
at 1m, zero to peak value, (272-287 dB re 1uPa
0 to peak @ 1m) with a frequency range of 2-
~1000Hz for a duration of <1-10ms. The core
energy is between 6-21Hz. (Richardson et al
1995, NRC, 2003)

E.4.2. Pile driving

Pile driving is associated with harbour
work, bridge construction and wind farm
foundations. Sound intensity levels vary
depending on pile size and type of hammer.
There are two types of hammers, an impact




1a31e] 9y ‘Afjensn s1 pual) 9y |, "SUB90 aY) ul
astou ousgodoayiue 0y Appuesyyiudis snqLYUOD
‘98 1] 0] [TEWIS ‘S[OSSAA QULIBIA]

Jiyjea) (ossap pue Suiddiys °z°3

‘IBUOS JomMod
Y31Y [1A1) Jopun passnasip are a3y, (6007
“AVdSO) 'SIopunos-oyaa 10 SWASAS TeUos
Aduanbayj-moj 10 prur [2o1dA} asn os[e “Iarem
MO[[BYS UT SJUSWIP3S JO APMIS a3 ST Yorym

Jo suo ‘saniAnde yoreasar [edrsAydoan
'ZHS . Jo Kouanbayy © je (jead iy
@ edn1 21gp S61) “onjea yead ‘wiy Je 10918M UL
gp 61 JO 20In0s punos g payrue swuerdord
YoJeasal appuil]?) unad () Jo Liauiouiiay ]
onsnooy 3y (Wi @ edvl a1 gp 07Z-$91)
W 18 J13)eMm UI gP 0TZ-S91 JO [2A3] ANISUIUL
punos e Yum zHO0Z-0S UedMmIaq satouanbayy
Bursn ueaso ay) jo sarpadoad jeorsAyd

oy} sainseaw AydeiSowo) ueadQ

AydesBowo] ueadp ‘193

(-9 s3MPpoJA) PauIasuo0d sa1vads ay) pue

Ananoe Sunesous3-asiou Y} JNOGE UOHBULIOFU]

punoigyoegq [eotuyda ] SIY) UT J[qE[IeA.

- UOTJeULIOJUL Y3 0 J9J31 pInoys (sjuswalmnbar

so1yI9 pue) sjuswssasse joeduir ay ‘2oInos

astou re[noned e o} sjewrrue jo amsodxa
[BUOTIUSIUL 3] SA[OAUT SAIPNIS SIAYM

'810393(01d punos JojeMIOpUN

pue sund are ‘soArsojdxa apn[oul 8Sa ], 'S90IN0S
PUNOS JO AJSLIBA B SI5N SOULIOS ULIIQ

sjuswiadx3 ainsodx3
punos puepegield ‘93

‘uonuaye
Pasnoo0} Spaau Jey) Bale ue sI SIYL ‘ySiy S1 [9A9]
Asuajul punos 2y Ajax1| st I "2oUBUUIRW
uononpoid Jo S[2A3[ 20IN0S Y} JMSEIW 0}
SAIPTS OBWIAISAS MI] U JABY 1YL
(200 “Asnedon) (SIWY)
92IN0S 3Y) WoIJ W] @) edrl [ 21 gp 65T 2S10U
snonupuod Sutonpoid se papI0da1 a1om (SIA[BA
[0YD) peay [[om ‘douejsul soyjoue uj (10 12
12 UYAY]) ‘PIpI0oal oIom ZEP0[-ZHOZ Udamlaq
a3ue1 Aousnbayy € im (umotnjun aoue)sip)
diys [jLp oy woly suLl gpQ6| JO S[9A]
Aysuayur punog ‘suonjerado sasugusjuTEL
uoponpold SurLmnp s[aAs] AJsusjul punos ayj
2INSBALU O} SAIPNIS U OS[B SARY AV ],
‘samssaid Y31y Aroa
1 Bunesado sdwind oseyd-nnw pue s1o30aful
‘s10yeaedas se yons juswidinba Joopjeas apnjoul
$301n0s 3siou ‘uononpoid Juung

S$313IAI10Y UOINPOId pPalejlay ‘€63

(#10Z 10 12 YA ZHNGE 01 ZHN(T UsamIag
SwiBuer sarouanbayy oy yim (M unyz @)

edri] a1 gp Q01) SnjeA S ‘wnjz je Jojem ul gp

001 JO [2A3] A)ISUSUI PUNOS B JABY O PIPIOOAI
u22q dARY SWI)SAS asay ], ‘siopuodsuesy
JAB[S pUB I3)SEW JO UOIBUIBIU0D
® 59sn Wwd)sAs yoeq ‘suuope[d a1oysyjo
1o pue sdiys [jup uonisod Ajjeonueudp
0} pasn are s1apuodsuesy Suruonisod

sispuodsued) Suluonisod ‘z's3

10z 1242
uyAN ‘600T “IVdSO ‘S661 I 12 UOSPIEYORY)
*3sI0U [[1Ip pue ‘(mofaq 29s) s1a8uid
(100}] s pue [[nY 3y} uo padejd) Jepuodsurly
Sumuonsod osnurudp ‘1ojedosd Suiurquioo
“jaf1e) uo waty daay 0) SISISTLIY) UOTIBOO]
oy asn sdiys ‘Ajjeuonippy ‘[iny s,drgs ayy
y3noIy) punos Jo UOISSISURL) JUIIOLJS J) 0}
anp ‘ZHN01-ZHOT ueamiaq Suidues sarousnbaiy
oy yuim (" W @) edr] a1 gp 061) ‘Onjea suu
‘wi] Je I91eM Ul gp 061 ‘[9A3] ANSudul puUnos
150y31Y oy w2 03 Wwas sdiys [
(se61
17 12 uospieyony) ‘Aouanbaiy ZHOH-0€ 1e (W]
® " edn] a1 gp (S]) ‘On[eA SWII ‘W] J€ Jajem
w gp 051 A[ereunxoxdde je pamseaur usaq
sey Suijjup uuojeld yym suossied ay; umop
PoNIWISURE [2A3] A)JISUJUI PUNOS Y ],
(S661 Iv 12 uospreyoRy) 'ZHOO[ MOJ3q
safouanbayy yim (" wii®) edr| a1 @p Sp1)
‘anfeA SWLL “UIT J& I9Jem Ul gp G 18 painseaun
122q SBY [2A] AJISUSJUI PUNOS JajemIapun
a1} ‘SpUR[SI SPRWLIEUL JO [BINJBU IO
sdIys [JLIp IO SO]qISIAWIQNS-TWAS
‘s7ossaa Surpup ‘swojierd ‘spue(st spemIuEW
IO [eINJBU WOIJ Uop 2q ued Juug

guua '1's'3

suuope|d 04SP0 'S'3

(600T “YVdSO
‘S661 v 12 uospieyory) ‘aAisndwi-uou pue
JUBISUOD SI punos siy) jo Auiofew ay ],
‘ZHOOS MO[2q UOHRIUIOUO0D UIBUI Y} PIM
ZH [ <-ZHOZ wox Suiues saouanbayy pim
(™ wy @ egri1 21 gp 981-891) ‘on[ea suLl
‘wy e 19)em ur gp 98[-891 Aeiewxoxdde st
paonpoid [aas] A)isusjur punos oy I, “seurjadid
anoi o) pue souej Jurddiys urejurew o} ‘|dAeI3
pure pues JoB1X2 0} pasn st uidpaiq

8uidpaig "€'v'3

(6002 “AVdSO ‘9002

[D 12 uaswoy 1 ‘p0QT ‘[JPMOH PUE [[PMPaN
‘€00Z 17 72 112MPaN) 'SW(S JO uoRINp € pue
ZHMOZ-ZHOT urgna Suidues ssiousnbaiy yim
(w1 @ yead 01 yead egri] a1 gp LST-8H7/W

1 @ ead eqr| a1 gp 877) ‘onjea yead o)

yead ‘wy je I2)em Ul gp LSZ-8T 10 anjeA yead
‘W] e 19)eM Ul gp 877 punote s1 a3uel Jaddn
9y, -aarsjnduur pue 1apnoj axe sisurwrey joedu
a1oyM ‘snonunuod si [eudis ay) Inq ‘S|9A3]
201M0s 19m0] 9je1auad siowiuey adA) Asojeiqip
*adKy A101e1qIA pue (o1neIpAy Jo [asalp) 2dKy



the vessel, the lower the frequencies
resulting in the noise emitted travell
distances. The sound characteristics
by individual vessels are determinec
vessels class/type, size, power plant
propulsion type/design and hull shaj
relation to speed. Also, the vessel's :
regarding mechanical condition and
cleanliness of the hull: Less drag m«
noise.

E.7.1. Small Vessels

Small vessels (leisure and co
for this paper are vessels up to 50m
These include planing hull designs :
skis, speed boats, light commercial
as well as displacement hull design:
yachts, fishing vessels and small tre

The greater portion of sound
by these vessels is mainly above 1k
from propeller cavitation. Factors tl
frequencies below 1kHz are engine
gearbox noise as well as propeller r
The sound intensity level produced
approximately 160-180 dB in wate;
value, (160-180 dB re 1yPa @ 1m,
frequencies ranging 20Hz ->10kH:
however, is dependent on the vesse
relation to hull efficiency and econ
to power settings. (Richardson ef a.
OSPAR, 2009)

E.7.2. Medium Vessels

Medium vessels for this pap:
vessels between 50-100m, such as
crew-boats, larger fishing/trawler a
vessels, These vessels tend to have
revving engines and power trains. ’
frequencies produced tend to mimi
vessels with the majority of sound
below 1kHz. The sound intensity 1
produced is approximately 165-18!
water at Im, rms value (165-180 d
1m 1) (Richardson et al 1995, O!
2009)

E.7.3. Large Vessels

Large vessels for this paper
lengths greater than 100m, such as
container/cargo ships, super-tanke
liners.

Large vessels, depending or
and operational mode, produce the
sound intensity level of approxim:
dB in water at Im, rms value, (18(
1pPa @ 1m ) at a few hundred |
(Richardson ef al 1995, Arvenson
Vendittis, 2000) In addition, a sig
amount of high-frequency sound,
water @ 1m, rms value, (150 dB 1
Im ;) or broadband frequencies,
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kHz of 136 dB in water at 700m distance, rms
value, (136 dB re: 1pPa @ >700m ) can be
generated through propeller cavitation. This
near-field source of high-frequency sound is of
concern particularly within shipping corridors,
shallow coastal waters, waterways/canals
and/or ports. (Arveson and Vendettis, 2000,
Aguilar Soto et al 2006, OSPAR, 2009)

E.8. Pingers

E.8.1. Acoustic Navigation Beacons

Acoustic navigation beacons mark the
position of an object and measure its height
above the seabed. Most underwater beacons
emit a short continuous wave tone, commonly
8-16 kHz octave band, with a stable ping rate.
Typical sound intensity levels are around 160-
190 dB in water at 1m, peak value (160-190
dB re 1uPa @ 1m peak). They are designed to
be omnidirectional to be heard from any
direction. Simple systems are programmed to
transmit a fixed ping rate while more
sophisticated systems transmit after receiving
an interrogating signal. (Lurton, 2010)

E.8.2. Acoustic Deterrent Devices

Acoustic Deterrent Devices (ADDs) are
a low powered device, 130-135 dB in water at
1m, peak value, (130-135 dB re 1pPa @ lm
peak) designed to deter fish from entering
places of harm such as water inlets to power
stations. The frequencies range from 9-15kHz
for a duration 100-300ms every 3-4 seconds.
(Carretta et al 2008, Lepper et al 2004, Lurton,
2010, OSPAR Commission, 2009)

E.8.3. Acoustic harassment devices

Acoustic Harassment Devices (AHDs)
are a higher powered device, 190 dB in water
at 1m, peak value, (190 dB re 1uPa @ Im
peak) originally designed to keep marine
mammals away from fish farms by causing
them pain. Frequencies range from 5-20kHz
for repelling pinnipeds and 30-160KHz for
delphinids. (Carretta er al 2008, Lepper ef al
2004, Lurton, 2010, OSPAR, 2009)

E.9. Other Noise-generating
Activties

E.9.1. Acoustic Data Transmission

Acoustic modems are used as an
interface for subsurface data transmission.
Frequencies range around 18-40kHz with a
sound intensity level around 185-196dB in
water at 1m (185-196 dB re 1pPa @ 1m).
(OSPAR, 2009)




E.9.2. Offshore Tidal and Wave
Energy Turbines

Offshore tidal and wave energy turbines
are new, so acoustic information is limited.
However, they appear to emit a frequency
range of 10Hz-50kHz and a sound intensity
level between 165-175dB in water at 1m, rms
value, (165-175 dB re 1uPa @ 1m 1)
depending on size. (OSPAR, 2009)

E.9.3. Wind turbines

The operational sound intensity levels
for wind generators depend on construction
type, size, environmental conditions, type of
foundation, wind speed and the accumulative
effect from neighbouring turbines. A 1.5SMW
turbine in 5-10m of water with a wind speed of
12m/s has been recorded producing 90-112 dB
in water at 110m, rms value, (90-112 dB re
1uPa @ 110m ,,s) with frequencies ranging
50Hz-20kHz. (Thomsen et al 2006, OSPAR,
2009)

References

Aiello, G Marsella, E Giordano, L. and Passaro,
S. 2012. Seismic stratigraphy and marine magnetics of
the Naples Bay (Southern Tyrrhenian sea, [taly): the
onset of new technologies in marine data acquisition,
processing and interpretation. INTECH Open Access
Publisher.

Aguilar Soto, N Johnson, M Madsen, PT Tyack,
PL Bocconcelli, A Fabrizio Borsani, . 2006. Does
intense ship noise disrupt foraging in deep-diving
Cuvier’s beaked whales (Ziphius cavirostris)? Marine
Mammal Science 22, 690-699.

Arveson, PT. and Vendittis. DJ. 2000. Radiated
noise characteristics of a modern cargoship. Journal of
the Acoustical Society of America 107, 118-129.

Caldwell, J. and Dragoset, W. 2000. A brief
overview of seismic air-gun arrays. The leading edge. 19,
8: 898-902.

Carretta, IV Barlow, J. and Enriquez, L. 2008.
Acoustic pingers eliminate beaked whale bycatch in a gill
net fishery. Marine Mammal Science. 24, 4: 956-61.

Clay, CS. and Medwin, H. 1997. Acoustical
Oceanography. New York, Wiley Interscience.

Dragoset, B. 2000. Introduction to air guns and
air-gun arrays. The Leading Edge. 19, 8: 892-97.

Dybedal, J. and Boe, R. 1994. Ultra high
resolution sub-bottom profiling for detection of thin
layers and objects in OCEANS '94. Oceans Engineering
for Today's Technology and Tomorrow's Preservation.
Proceedings, Vol. |, pp. [-634. IEEE

Filadelfo, R Mintz, ] Michlovich, E D'Amico, A
Tyack, PL. and Ketten, DR. 2009. Correlating military
sonar use with beaked whale mass strandings: what do
the historical data show?. Aquatic mammals, 35(4),
p.435.

Goold, JC. and Coates, RF. 2006. Near source,
high frequency air-gun signatures. International Whaling
Commission Scientific Committee document SC/58 E,
30.

Hildebrand JA. 2009. ‘ Anthropogenic and natural
sources of ambient noise in the ocean’, Marine Ecology
Progress Series, 395 (5).

Kipple, B. and Gabriele, C. 2004. Underwater
noise from skiffs to ships. Proc. of Glacier Bay Science
Symposium.

Kyhn, LA Sveegard, S. And Tougaard, J. 2014,
Underwater noise emissions from a drillship in the

Arctic, Marine Pollutions Bulletin, 86 (1), 424-433

Lee, GH Kim, HJ Kim, DC Yi, BY Nam, SM
Khim, BK. And Lim, MS. 2008. The acoustic diversity
of the seabed based on the similarity indes computer from
Chirp seismic data, ICES Journal of Marine Science:
Journal du Conseil, 66(2), pp.227-236.

Lepper, PA Turner, VLG Goodson, AD. and
Black. KD. 2004. Presented at the Seventh European
Conference on Underwater Acoustics, ECUA, Delft,
Netherlands, 5-8 July, 2004,

Lurton, X. 2010. An Introduction to Underwater
Acoustics, Principles and Applications, Second Edition.
Springer: London.

McCauley, RD. 2002, Underwater noise
generated by the Cossack Pioneer FPSO and its
transiation to the proposed Vincent Petroleum Field.
Report preduced for Woodside Energy Limited. 24 pp,
cited in Woodside Energy Ltd. 2013. Browse FLNG
Development EPBC Referral, Canberra

Mosher, DC. and Simpkin PG. 1999.
Environmental Marine Geoscience 1. Status and Trends
of Marine High-Resolution Seismic Reflection Profiling:
Data Acquistion. Geoscience Canada. 26(4).

Murphy, SM. and Hines, PC. 2015. May. Sub-
band processing of continuous active sonar signals in
shallow water. in OCEANS 2015-Genova (pp. 14).
IEEE.

Nedwell, JR. and Howell, D. 2004, A review of
offshore windfarm related underwater noise sources.
COWRI report No. 544 R 0308, 57 pp.

Nedwell, JR Langworthy, J. and Howell, D.
2003. Assessment of sub-sea acoustic noise and
vibration from offshore wind turbines and its impact on
marine wildlife, initial measurements of underwater noise
during construction of offshore windfarms, and
comparison with background noise. COWRIE report No.
544 R 0424, 68 pp.

NRC/National Research Council. 2003. Ocean
Noise and Marine Mammals. The National Academies
Press. 192 pp.

OSPAR. 2009. Overview of the impacts of
anthropogenic underwater sound in the marine
environment OSPAR Commission: Publication number
441/2009.

Prideaux, G. and Prideaux, M. 2015.
Environmental impact assessment guidelines for offshore
petroleum exploration seismic surveys. Impact
Assessment and Project Appraisal: Published online
December 2015.

Richardson, WJ Malme, CI Green, CR. and
Thomson, DH. 1995.Marine Mammals and Noise.
Academic Press, San Diego, CA 576 pp.

Thomsen, F Liildemann, K Kafemann, R. and
Piper, W. 2006. Effects of offshore wind farm noise on
marine mammals and fish, COWRIE Ltd, Newbury, U.K.

Urick, RJ. 1983. Principles of Underwater
Sound. New York: McGraw-Hill Co.




Table 9: Noise-generating activity, sound intensity level, bandwidth, major amplitude, duration and
directionality (summary of £.1-E.9)

Sound . Sound Bandwidth | Major Duration Directionality
! Intensity Amplitude
Level
(dB rel _il’a)
Military
Military 240 Peak @ <lkHz- 1khz [unknown] 600-1,000ms Horizontally
Low-Frequency Im focused
Active Sonar
Military Mid- 235 Peak @ 1-5kHz [unknown] 1-2s Horizontally
Frequency Active | 1m focused (3 degrees
Sonar down} 4
Continuous 182 Peak @ 500Hz - 3kHz | [unknown] 18 seconds Horizontally
Active Sonar Im focused
Military Mine [unknown] 100kHz- [unknown] [unknown] [unknown]
Counter 500kHz
Measures Sonar
Seismic Surveys
Seismic Surveys | 260-262 Peak | 10Hz-150kHz | 10-120Hz 30-60ms Vertically focused
to Peak @ 1m also 120dB up
to 100kHz
Civil High Power Sonar
Single Beam 240 Peak @ 12kHz- [unknown] 0.1ms Vertically focused
Sounders Im 700kHz
depending on
the application -
Sidescan Sonar 240 Peak @ 12kHz- [unknown] 0.1ms Vertically focused
lm 700kHz fan spread
depending on
the application o
Multibeam 240 Peak @ 12kHz-30kHz, | [unknown] 0.1ms Vertically focused
Echosounders lm 70kHz- fan spread
200kHz,
300kHz-
500kHz
depending on
the application
Sparkers and 204-220,, @ | 80Hz-10kHz [unknown] 0.2ms [unknown]
Boomers Im .
Chirps 210-230 Peak | 20Hz-20kHz [unknown] 250ms [unknown]
@ Im
Coastal and Offshore Construction Works
Explosions, TNT | 272-287 Peak | 2Hz-~1,000Hz | 6-21Hz <l-10ms Omnidirectional
1-1001bs @ Im
Pile Driving 248-257 Peak | 20Hz-20kHz 100Hz-500Hz | 50ms Omnidirectional
to Peak @ Im
Dredging 168-186 s @ | 20Hz-1kHz 500Hz Continuous Omnidirectional
Im
Offshore Platforms
Platform Drilling | 150 o, @1m 30Hz-40Hz [unknown] Continuous Omnidirectional
Drill Ships 190 s @ 1m | 10Hz-10kHz [unknown] Continuous Omnidirectional
(including
maintenance)
Positioning 100 s @ 20kHz - [unknown] Continuous Omnidirectional
transponders 2km 35kHz




Sound

Playbck and Soud Exposure Experiments

Sound
Intensity
Level

(dB rel iPa)

Bandwidth

Major
Amplitude

Duration

Directionality

Ocean 165-220 Peak | 50Hz-200Hz [unknown] [unknown] Omnidirectional
Tomography @ 1m ]
Shipping and Vessel Traffic
Small Vessels 160-180 ., @ | 20Hz-10kHz [unknown] Continuous Omnidirectional

lm
Medium Vessels 165-180 (s Below 1kHz [unknown] Continuous Omnidirectional

@lm
Large Vessels Low Low [unknown] Continuous Omnidirectional

Frequency Frequency A

180-190 .« @ | few hundred

Im High Hz High

Frequency Frequency

136 s @ 0.354khz-

700m 44 .8khz
Pingers
Acoustic 160-190 Peak | 8kHz-16kHz [unknown] [unknown] Omnidirectional
Navigation @ 1m
Beacons
Acoustic 130-135 Peak | 9kHz-15kHz [unknown] 100-300ms Omnidirectional
Deterrent Devices | @ Im ol
Acoustic 190 Peak @ 5khz-20kHz, [unknown] [unknown] Omnidirectional
Harassment Im 30kHz-
Devices 160kHz

depending on
the application P

Other Noise-generating Activities =
Acoustic Data 185-196 @ 18kHz-40kHz | [unknown] [unknown] Omnidirectional
Transmission Ilm .
Offshore Tidal 165-175 s @ | 10Hz-50kHz [unknown] Continuous Omnidirectional
and Wave Energy | Im
Turbines
Wind Turbines 90-112 ;s @ | 50Hz-20kHz [unknown] Continuous Omnidirectional

110m




F. Related Decisions of Intergovernmental Bodies or
Regional Economic Organisations

eremmarmer

Margi Prideaux |

Indo-Pacific Governance Research Centre, University of Adelaide |

A series of relevant intergovernmental
decisions have already determined the
direction for regulating anthropogenic marine
noise through EIAs. The following decisions
are the latest from each of Multi-lateral
Environment Agreement (MEA).

F.l.1. CMS

‘CMS Resolution 9.19: Adverse
Anthropogenic Marine/Ocean Noise Impacts
on Cetaceans and Other Biota’ encourages
Parties to:

‘...to endeavour to control the impact of

emission of man-made noise pollution in

habitat of vulnerable species and in
areas where marine mammals or other
endangered species may be
concentrated, and where appropriate, to
undertake relevant environmental
assessments on the introduction of
systems which may lead to noise
associated risks for marine mammals.’
‘CMS Resolution 10.24: Further Steps
to Abate Underwater Noise Pollution for the
Protection of Cetaceans and Other Migratory
Species’ encourages CMS Parties to:

‘..prevent adverse effects on cetaceans

and on other migratory marine species

by restricting the emission of underwater

noise, understood as keeping it to the

lowest necessary level with particular

priority given to situations where the
impacts on cetaceans are known to be
heavy” and

“[ufrges Parties to ensure that

Environmental Impact Assessments take

full account of the effects of activities on
cetaceans and to consider potential
impacts on marine biota and their
migration routes ...’

‘Resolution 10.24" further articulates
that CMS Parties should ensure that
Environmental Impact Assessments take full
account of the impact of anthropogenic marine

e

noise on marine species, apply Best Available
Techniques (BAT) and Best Environmental
Practice (BEP), and integrate the issue of
anthropogenic noise into the management
plans of marine protected areas. ‘Resolution
10.24’ also ‘invites the private sector to assist
in developing ...alternative techniques and
technologies for coastal, offshore and maritime
activities’.

F.1.2. ACCOBAMS

‘ACCOBAMS Resolution 5.13:
Conservation of Cuvier's beaked whales in the
Mediterranean’ and ‘Resolution 5.15;
Addressing the impact of anthropogenic noise’
reinforces the commitments made in
‘Resolution 4.17: Guidelines to Address the
Impact of Anthropogenic Noise on Cetaceans
in the ACCOBAMS Area (ACCOBAMS
Noise Guidelines)’ that urges ACCOBAMS
Parties to:

‘(r]ecognizfe] that anthropogenic ocean

noise is a form of pollution, caused by

the introduction of energy into the
marine environment, that can have
adverse effects on marine life, ranging
Sfrom disturbance to injury and death.’

This Resolution also encourages
ACCOBAMS Parties to:

‘... address fully the issue of
anthropogenic noise in the marine
environment, including cumulative
effects, in the light of the best scientific
information available and taking into
consideration the applicable legislation
of the Parties, particularly as regards
the need for thorough environmental
impact assessments being undertaken
before granting approval to proposed
noise-producing activities.'

The ACCOBAMS Noise Guidelines
provide further comprehensive detail-specific
considerations relating to military sonar,




seismic surveys and offshore drilling, shipping
and offshore renewable energy developments.

F.1.3. ASCOBANS

‘ASCOBANS Resolution 5.4: Adverse
Effects of Sound, Vessels and other Forms of
Disturbance on Small Cetaceans’, urges
ASCOBANS Parties to:

... develop, with military and other

relevant authorities, effective mitigation

measures including environmental
impact assessments and relevant
standing orders to reduce disturbance
of, and potential physical damage to,
small cetaceans, and to develop and
implement procedures to assess the
effectiveness of any guidelines or
management measures introduced.’

‘ASCOBANS Resolution 6.2: Adverse
Effects of Underwater Noise on Marine
Mammals during Offshore Construction
Activities for Renewable Energy Production’,
further recommends that Parties:

‘... include Strategic
Environmental Assessments and
Environmental Impact Assessments
carried out prior to the construction of
marine renewable energy developments
and taking into account the construction
phase and cumulative impacts’

and to:

‘... introduce precautionary guidance

on measures and procedures for all

activities surrounding the development
of renewable energy production in
order to minimise risks to
populations ... [that include] measures

Jor avoiding construction activities

with high underwater noise source

levels during the periods of the year
with the highest densities of small
cetaceans, and in so doing limiting
the number of animals exposed, if
potentially significant adverse effects
on small cetaceans cannot be
avoided by other measures, [to include]

Measures for avoiding construction

activities with high underwater noise

source levels when small cetaceans
are present in the vicinity of the
construction site; [and] technical
measures for reducing the sound
emission during construction works, if
potentially significant adverse effects on
small cetaceans cannot be avoided by
other measures.’

F.1.4. CBD

‘CBD Decisions VIII/28: CBD
Voluntary Guidelines on Biodiversity-
inclusive Impact Assessment’provides detailed
guidance on whether, when and how to
consider biodiversity in both project level and
strategic levels assessments. The document
articulates screening, scoping, assessment and
evaluation of impacts, development and
alternatives; transparency and consultation,
reporting, review and decision-making. The
guidelines suggest that environmental impact
assessments should be mandatory for activities
in habitats for threatened species and activities
resulting in noise emissions in areas that
provide key ecosystem services,

‘CBD Decision X1I/23; Marine and
coastal biodiversity: Impacts on marine and
coastal biodiversity of anthropogenic
underwater noise’ encourages CBD Parties and
others:

... to take appropriate measures, as

appropriate and within competencies

and in accordance with national and
international laws, such as gathering
additional data about noise intensity and
noise types; and building capacity in
developing regions where scientific
capacity can be strengthened.’

In ‘Decision X11/23* CBD Parties have
agreed to a significant list of technical
commitments, including gathering additional
data about noise intensity and noise types, and
building capacity in developing regions where
scientific capacity can be strengthened.

The CBD Parties also encouraged
Parties to take appropriate measures,
including:

... (¢) Combining acoustic mapping

with habitat mapping of sound-sensitive

species with regard to spatial risk
assessments in order to identify areas
where those species may be exposed to
noise impacts,

(f) Mitigating and managing

anthropogenic underwater noise through

the use of spatio-temporal management
of activities, relying on sufficiently
detailed temporal and spatial knowledge
of species or population distribution
patterns combined with the ability to
avoid generating noise in the area at
those times,

(g) Conducting impact assessments,

where appropriate, for activities that

may have significant adverse impacts on
noise-sensitive species, and carrying out
monitoring, where appropriate.’




‘Decision X11/23” urges the transfer to
quieter technologies and applying the best
available practice in all relevant activities.

F.1.5. IMO

The International Maritime Organization
(IMO), through ‘Resolution A 28/Res.1061°,
has requested that the Marine Environment
Protection Committee (MEPC) keep under
review measures to reduce adverse impact on
the marine environment by ships, including
developing:

‘[g]uidance for the reduction of noise

Jrom commercial shipping and its
adverse impacts on marine life’

F.1.6. IWC

The Scientific Committee of the
International Whaling Commission (IWC)
continues to monitor and discuss the impacts
of noise on cetaceans.

F.1.7. OSPAR

The Convention for the Protection of the
Marine Environment of the North-East-
Atlantic (OSPAR) has reached agreement on
an ‘OSPAR Monitoring Strategy for Ambient
Underwater Noise’.

The OSPAR Intersessional
Correspondence Group on Noise (ICG-
NOISE) is currently working closely with the
International Council for the Exploration of the
Sea (ICES) data team to produce the 2017
OSPAR Intermediate Assessment for
impulsive noise. This is the first regional
assessment of its kind and will give policy-
makers and regulators a regional overview of
cumulative impulsive noise activity in the
Northeast Atlantic, including the noise source
type (e.g. pile driver, explosion) and intensity.
The 2017 Intermediate Assessment will serve
as a ‘roof report’ to inform the subsequent
2018 MSFD assessments of EU Member
States within the OSPAR region.

F.1.8. Espoo (EIA) Convention

In ‘Decision II/8* Espoo Parties
endorsed the Good Practice Recommendations
on Public Participation in Strategic
Environmental Assessment set out in
document ‘ECE/MP.EIA/SEA/2014/2°,
including and requirement that

‘... the public to be given an opportunity

to comment on draft plans or

programmes and the associated
environmental reports,’

and that.

‘[p]eople who are affected by a plan
or programme and are interested in
participating must be given access to
all necessary information and be
able to participate in meetings and
hearings related to the SEA process.’
This applies during the different stages
of the assessment, including screening,
scoping, availability of the draft
plan/programme and environmental report,
opportunity for the public to express its
opinions and decision.

F.1.9. HELCOM

The Baltic Marine Environment
Protection Commission - Helsinki Commission
(HELCOM) has two important programmes in
development. The Baltic Sea Information on
the Acoustic Soundscape Project surveyed
national needs and requirements of information
on noise and will recommend monitoring of
ambient noise in the Baltic Sea. A registry of
impulsive sounds project is also being
considered.

F.1.10. Regional Seas Programmes

Most of the six UNEP administered
Regional Seas Programmes including the
Wider Caribbean Region, East Asian Seas,
Eastern Africa Region, Mediterranean Region,
North-West Pacific Region and the Western
Africa Region and seven non-UNEP
Administered Regional Seas Programmes
including the Black Sea Region, North-East
Pacific Region, Red Sea and the Gulf of Aden,
ROPME Sea Area, South Asian Seas, South-
East Pacific Region and the Pacific Islands
Region suggest some form of impact
assessment should be conducted to mitigate
threats to the marine environment.

F.1.11. European Union Legislation
and Implementation

Some pieces of EU legislation on
environmental impact assessment and nature
protection are relevant and contain specific
references to the marine environment and
wildlife and noise.

Recital 12 of Directive 2014/52/EU of
the European Parliament and the Council,
which amends Directive 2011/92/EU on the
assessment of the effects of certain public and
private projects on the environment,
specifically mentions the marine environment
and gives the example of one source of noise-
generating activity:




‘With a view to ensuring a high level of
protection of the marine environment,
especially species and habitats,
environmental impact assessment and
screening procedures for projects in the
marine environment should take into
account the characteristics of those
projects with particular regard to the
technologies used (for example seismic
surveys using active sonars).’

In addition, Recital 33 of this Directive

also requires that:

‘Experts involved in the preparation of
environmental impact assessment
reports should be qualified and
competent. Sufficient expertise, in the
relevant field of the project concerned,
is required for the purpose of its
examination by the competent
authorities in order to ensure that the
information provided by the developer is
complete and of a high level of quality.’
The marine environment is mentioned in

Annex IT1 paragraph 2 (ii) related to legal
article 4(3), and noise and vibration are listed
in Annex IV paragraphs 1 (d) and 5 (c) among
information to be supplied according to Article
5(1).

The EIA Directive applies to all
Member States and requires that, for certain
types of projects listed in its Annexes, public
and private projects likely to have significant

| effects on the environment by virtue inter alia

| of their size, nature or location are made
subject to an assessment of their environmental
effects.

Under the EIA Directive “project”
means ‘the execution of construction works or
of other installations or schemes’ and ‘other
interventions in the natural surroundings and
landscape including those involving the
extraction of mineral resources’.

For projects listed in Annex I of the EIA
Directive an assessment should always be
carried out, whereas, for projects listed in
Annex II, Member States have to determine
whether an assessment is to be carried out
through a case-by-case examination or
according to thresholds or criteria set by the
Member State.

The so-called EU nature directives
(Council Directive 92/43/EEC on the
conservation of natural habitats and of wild
fauna and flora (Habitats Directive) and
Council and European Parliament Directive
2009/147/EC on the conservation of wild birds
(Birds Directive) are also relevant. For the
Natura 2000 sites designated for the protection
of features such as marine animal species listed
in Annex II of the Habitats Directive, measures
are required under Art. 6(2) to avoid any
significant disturbance of those species, while
different human activities that are likely to
have a significant effect on Natura 2000 sites
need to be properly assessed and authorized in
accordance with the provisions of article 6 (3)
and (4) of the Habitats Directive. This
provision also includes the obligation to assess
the cumulative impacts of different activities
on the conservation objectives of the site.
Furthermore, the provisions of Article 12 of
the Habitats Directive, which includes an
obligation to prohibit deliberate disturbance of
strictly protected species, are also particularly
relevant in such situation, as all species of
cetaceans and a number of marine vertebrates
and invertebrates listed in Annex IV(a) benefit
from a system of strict protection.

The Commission guidance document on
‘establishing Natura 2000 sites in the marine
environment’' contains a specific section on
noise pollution.

There is specific legislation on the
marine environment. In 2008 the European
Parliament and the Council adopted the Marine
Strategy Framework Directive® which requires
the Member States to achieve or maintain
‘good environmental status’ of European
Union marine waters by 2020, by developing
marine strategies. Marine strategies contain
five main elements: the initial assessment, the
determination of good environmental status,
the establishment of environmental targets, the
monitoring programmes and the programme of
measures.

When determining ‘good environmental
status’, the Member States shall determine a
set of characteristics on the basis of 11
qualitative descriptors. One of these
descriptors state:

! Guidelines for the establishment of the Natura 2000 network in
the marine environment: Application of the Habitats and Birds
Directives (pp. 94-96)

* Directive 2008/56/EC of the European Patliament and of the
Council of 17 June 2008 establishing a framework for
community action in the field of marine environmental policy
(Marine Strategy Framework Directive); Commission Directive
(EU) 2017/845 of 17 May 2017 amending Directive 2008/56/EC
of the European Parliament and of the Council as regards the
indicative lists of elements to be taken into account for the
preparation of marine strategies




“Introduction of energy, including
underwater noise, is at levels that do not
adversely affect the marine
environment,”

This is further specified in Commission
Decision (EU) 2017 /848°. Two types of
criteria elements are defined for Descriptor 11:
(a) anthropogenic impulsive sound in water
and (b) anthropogenic continuous low-
frequency sound in water. The primary criteria
for both types are that the spatial distribution,
temporal extent, and the levels of
anthropogenic impulsive sound or continuous
low-frequency sound sources do not affect
populations of marine animals. In both cases
the Member States shall establish threshold
values for these levels through cooperation at
Union level, taking into account regional and
subregional specificities.

Methodological standards, as well as
specifications and standardised methods for
monitoring and assessment, are given in detail
for both types of sound sources.

Within the context of the Marine
Strategy Framework Directive, the Member
States sharing a marine region or sub-region
are also encouraged to cooperate to deliver on
the objectives of the Directive.

* Commission Decision (EU) 2017/848 of 17 May 2017 laying
down criteria and methodological standards on good
environmental status of marine waters and specifications and
standardised methods for monitoring and assessment, and
repealing Decision 2010/477/EU.




G. Principles of EIAs

Margi Prideaux |

Indo-Pacific Governance Research Centre, University of Adelaide

The principle of Environmental Impact
Assessment (EIA) was developed and
introduced in the 1960s during a time where
there was a growth of modern environmental
concern, a drive for more rational, scientific
and objective environmental decision-making
and a desire for more public involvement in
environmental decision-making. (Weston,
2002)

Conducting ElAs is now a well-
established governance and environmental
management process, institutionalised in most
of the 193 United Nations Member States
(Glasson et al 2013, Morrison-Saunders and
Retief, 2012).

Some intergovernmental bodies have
elaborated the principles of what EIAs should
present (see Module F).

Through the process of their adoption,
governments have individually committed to
reflecting these decisions in their domestic
law. The ‘weight’ of these decisions taken by
governments at an international level is
considerable and provides significant clarity
about the expectations to conduct EIAs and
effectively manage impacts of marine noise-
generating activities,

Some jurisdictions have already
developed national and regional operational
guidelines about mitigating anthropogenic
noise on marine fauna during activities. These
began with the United Kingdom’s Joint Nature
Conservation Committee guidelines. Similar
guidelines have been iteratively developed in
the United States of America, Brazil, Canada,
Australia and New Zealand (Castellote 2007,
Weir and Dolman 2007). The European Espoo
Convention also provides guidance. These are
important and necessary operational
guidelines. They form a part of but are not the
totality of what should be considered within an
EIA.

This Module provides some general
principles to ensure environmental impacts
(broadly defined to include the physical, life
and social sciences) are an explicit and

fundamental consideration both during the
design of an activity and in the project
authorisation by a regulator. (Cashmaore,
2004)

It is clear that there is sufficient
international agreement that ETAs should be
conducted. There are widespread national legal
commitment and some detail in a few
jurisdictions. What is now required is a change
of practice: by regulators to insist thorough
ElAs are presented, and by proponents to
accept the same. (Morrison-Saunders and
Retief, 2012, Prideaux and Prideaux, 2015)

G.1. The importance of early
Strategic Environmental
Assessment

There is strong value in governments'
undergoing a level of assessment before
inviting proponents to propose activities.
Conducting proactive and early assessment of
groups of activities, in the context of broader
governmental vision, goals or objectives, can
serve as a decision-support instrument that
shapes as a process. (Morgan, 2012)
Commonly called Strategic Environmental
Assessments (SEA), these exercises can
highlight the likely outcomes of anticipated
activities and reduce stakeholder conflict by
restricting or directing activity development
before any commercial investment has been
made. (Alshuwaikhat, 2005, Fundingsland
Tetlow and Hanusch, 2012).

SEAs have the potential to act as a
mediating instrument, bridging problem
perceptions with technical solutions and
steering the assessment to facilitate the
integration of environmental values into
decision-making processes. (Therivel, 2012,
Fundingsland Tetlow and Hanusch, 2012)

SEA can enhance communication
between different stakeholders, enabling
discussion and agreement independently of
different beliefs, convictions, social roles,




values, accumulated experiences, individual
needs or other factors. (Vicente and Partidario,
2006) SEAs can also guide regulators about
the institutional requirements needed to assess
proposals properly. This will include their
internal organisational structure, staffing and
capacity. (Therivel, 2012, Fundingsland
Tetlow and Hanusch, 2012)

SEA design should reflect the core
principles of the EIAs and the ‘CMS Family
Guidelines on Environmental Impact
Assessment for Marine Noise-generating
Activities’.

G.2. Basic Principles of ElAs

It is broadly accepted that the basic
intent of EIAs is to anticipate the significant
environmental impacts of development
proposals before any commitment to a
particular course of action. Often, the detail
required within EIAs is poorly defined. Many
legislative provisions for EIAs have been
introduced without consideration of the
institutional requirements, organizational
structure, staffing and capacity development
(Cashmore et al 2004, Devlin and Yap 2008,
Jay et al 2007). Often the scientific basis and
methods need sophisticated understanding.

Defensible EIAs, representing the Best
Available Techniques (BAT) and Best
Environmental Practice (BEP), should provide
regulators with decision-making certainty by
ensuring:
= Appropriate transparency
= Natural justice
= Independent peer-review
= Appropriate consultation

Each of these elements complements
and supports the others.

G.2.1. Transparency and
Commercial Sensitivity

Transparency is necessary for well-
informed consultation, natural justice and
independent peer-review.

The extent of transparency should
complement the goals of natural justice and
consultation, but does not need to provide
information that is genuinely commercially or
personally sensitive. However, far too often
commercial sensitivity is a veil that industry
proponents hide behind. (DiMento and Ingram,
2005, Sheaves et al 2015) Currently, a large
body of data about public resources (the
marine environment) is claimed as
commercial-in-confidence with little
justification. (Costanza et al 2006, Sheaves et
al 2015)

The technical details of proposal for
activities that generate noise should be fully
and transparently available for comment before
plans are submitted for approval to regulators.
Broadly, the information provided
should include:
= a comprehensive description of the noise to
be generated and the equipment to be used,
including elements of the sound that is
auxiliary to the need,

= acomprehensive description of the direct
and surrounding area where the noise-
generating activity is proposed and the
species within this area,

® independent, scientific modelling of sound
propagation of expected sound intensity
levels and sound dispersal, the timeframe of
the noise-generation,

= scientific monitoring programmes
conducted during and after noise-generating
activity.

The full extent of information that
should be transparently available is detailed in
the ‘CMS Family Guidelines on
Environmental Impact Assessment for Marine
Noise-generating Activities’.

While there is some information that is,
and should remain, commercially sensitive,
none of the information listed above should be
considered commercially sensitive, and
proponents should not seek to hide it from
view.

G.2.2. Natural Justice

Natural justice is both a legal and
common concept with two parts: it ensures
there is no bias, increasing public confidence,
and enshrines a right to a fair hearing so that
individuals are not unfairly impacted
(penalised) by decisions that affect their rights
or legitimate expectations.

In the case of decisions for activities in
the marine environment, confidence that there
is no hidden bias can be developed by ensuring
there is full transparency and that all
stakeholders are given reasonable notice of the
plans, a fair opportunity to present their
concerns and that these concerns will factor in
the final decision that is made. (DiMento and
Ingram, 2005)

Stakeholders with a rightful interest in
the marine environment include: traditional
communities with cultural or spiritual
connections, marine users such as fishermen
(commercial and recreational), shipping and
boating and tourism operators, scientists,
conservation organizations, and general marine
users such as tourism and recreation, who
advocate for the conservation of marine




wildlife or marine ecosystems. Their interest
must be considered.

G.2.3. Independent Peer-review

There is a concern in many countries
over the poor quality of EIA information.
Depending on the circumstance, this might
reflect problems with institutional
arrangements, low levels of commitment by
proponents, or issues with the nature, extent
and quality of training and capacity-building in
the impact assessment, or elements of all of
these. (Morgan, 2012) There is often a
significant gap between the best practice
thinking represented in the research and
practice literature and the application of EIAs
on the ground. (Morgan, 2012)

Proponent-funded independent peer-
review of EIA proposals, before submission to
regulators for assessment, is an important tool
of BEP. (Sheaves et al 2015) Comprehensive,
independent peer-review is a logical
requirement for ensuring alignment of EIAs
with scientific understanding and standards
and ensuring that scientific understanding
takes precedence over short-term benefits and
political considerations. (Morrison-Saunders
and Bailey, 2003, DiMento and Ingram, 2005,
Sheaves ef al 2015)

In the case of marine noise-generating
activities, independent peer-reviewers should
include species experts and expert sound
modellers and acousticians, who can declare
full and verifiable independence from the
proposal. Their peer-review reports should be
fully transparent and submitted to regulators,
without influence from proponents.

G.2.4. Consultation and burden of
proof

True consultation has two key
components: participation in the outcome of a
decision and that the burden of proof rests with
the proponent.

Development actions may have wide-
ranging impacts on the environment, affecting
many different groups in society. There is
increasing emphasis by governments at many
levels on the importance of consultation and
participation by key stakeholders in the
planning and development of projects.

An EIA is an important vehicle for
engaging with communities and stakeholders,
helping those potentially affected by a
proposed development to be much better
informed and to influence the direction and
precautions put in place by the proponent. This
requires an appropriate exchange of
information and a willingness by the proponent

to be transparent about their likely impact.
(O'Faircheallaigh, 2010, Glasson et al 2013)

The burden of proof is often associated
with the Latin maxim semper necessitas
probandi incumbit ei qui agit, which broadly
means “the necessity for proof always lies with
the person who makes the claim”. In the case
of proponents of marine noise-generating
activities, they claim that the activities they
propose to undertake — in a shared marine
environment — will cause minimal harm. To
satisfy the burden of proof, the proponent must
provide sufficient evidence to demonstrate that
there is a limited danger of damaging the
marine environment or any species that have
been highlighted as having importance.

Other stakeholders do not carry the
burden of proof but instead carry the benefit of
assumption, meaning they need no evidence to
support their position of concern. It is up to the
proponent to provide the assurance and bear all
financial costs for doing so.

Despite the international concensus for
robust EIA described in Module F, in many
circumstances the burden of proof has been
shifted to stakeholders. The CMS Family
Guidelines on Environmental Impact
Assessment for Marine Noise-generating
Activities and these Modules of Technical
Support Information provide regulators with
the needed information to redress this
imbalance.
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H. CMS-Listed Species Potentially Impacted by
Anthropogenic Marine Noise

Pinnipeds

Scienﬁﬂ name . Common nnm Appl |} CMS Instruments
Arctocephalus australis South American fur seal 1979 CMS o
" Halichoerus grypus Grey seal 1985 CMS

Monachus monachus Mediterranean monk seal 1979 1979  CMS, Monk Seal in the Atlantic

Otaria flavescens South American sea lion 1979 CMS

Phoca vitulina Harbour seal 1985  CMS, Wadden Sea Seals

Cetaceans

Scientific name Common name Appl 11 CMS Instruments

Balaena mysticetus Bowhead whale 1979 CMS

Bulaenoptera bonaerensis Antarctic minke whale 2002  CMS, Pacific Cetaccans

Balaenoptera borealis Sei whale 2002 2002 CMS, ACCOBAMS, Pacific Cetaceans

Balaenoptera edeni Bryde's whale 2002  CMS, Pacific Cetaceans

Balaenoptera musculus Blue whale 1979 CMS, ACCOBAMS, Pacific Cetaceans s

Balaenoptera physalus Fin whale 2002 2002 ACCOBAMS, CMS, Pacific Cetaceans o

Berardius bairdii Baird's beaked whale 1991  CMS, Pacific Cetaceans i)

Caperea marginata Pygmy right whale 1979  CMS, Pacific Cetaceans e

Cephalorhynchus commersonii Commerson's dolphin 1991  CMS

Cephalorhynchus eutropia Chilean dolphin 1979 CMS

Cephalorhynchus heavisidii Heaviside's dolphin 1991  CMS, Western African Aquatic Mammals

Cephalorhynchus hectori Hector's dolphin Pacific Cetaceans

Delphinapterus leucas Beluga 1979  CMS = ]

Delphinus capensis Long-beaked common Western African Aquatic Mammals, Pacific

dolphin Cetaceans

Delphinus delphis Common dolphin 2005 1988  CMS, ASCOBANS, ACCOBAMS, Western
African Aquatic Mammals, Pacific Cetaceans

Eubalaena australis Southern right whale 1979 CMS, Pacific Cetaceans

Eubalaena glacialis Northern right whale 1979 CMS, ACCOBAMS

Eubalaena japonica North Pacific right whale 1979 CMS

Globicephala melas Long-finned pilot whale 1988  CMS, ACCOBAMS, ASCOBANS, Pacific
Cetaceans, Western African Aquatic Mammals

Grampus griseus Risso's dolphin 1988  CMS, ACCOBAMS, ASCOBANS, Western
African Aquatic Mammals, Pacific Cetaceans

Hyperoodon ampullatus Northern bottlenose whale 1991  CMS, ASCOBANS, Western African Aquatic
Mammals

Lagenodelphis hosei Fraser's dolphin 1979  CMS, Western African Aquatic Mammals,
Pacific Cetaceans

Lagenorhynchus acutus Atlantic white-sided dolphin 1988 CMS, ASCOBANS ]

Lagenorhynchus albirostris White-beaked dolphin 1988 CMS, ASCOBANS

Lagenorhynchus australis Peale's dolphin 1991 CMS )

Lagenorhynchus obsctirus Dusky dolphin 1979  CMS, Western African Aquatic Mammals,
Pacific Cetaccans

Megaptera novaeangliae Humpback whale 1979 CMS, ACCOBAMS, Pacific Cetaceans

Monodon monoceros Narwhal 1991 CMS

Neophocaena phocaenoides Finless porpoise 1979  CMS, Pacific Cetaceans

Orcaella brevirostris irrawaddy dolphin 2009 1991  CMS, Pacific Cetaceans

Orcaella heinsohni Australian snubfin dolphin 1979  CMS, Pacific Cetaceans




Orcinus orca Killer whale 1991  CMS, ACCOBAMS, ASCOBANS, Western
African Aquatic Mammals, Pacific Cetaceans

Phocoena dioptrica Spectacled porpoise 1979 CMS, Pacific Cetaceans

Phocoena phocoena Harbour porpoise 1988  CMS, ASCOBANS, ACCOBAMS, Western
African Aquatic Mammals

Phocoena spinipinnis Bunmeister porpoise 1979  CMS

Phocoenoides dalli Dall's porpoise 1991 CMS

Physeter macrocephalus Sperm whale 2002 2002 CMS, ACCOBAMS, Pacific Cetaceans

Platanista gangetica Ganges River dolphin 2002 1991 CMS

Pontoporia blainvillei Franciscana 1997 1991 CMS

Sotalia fluviatilis Tucuxi 1979 CMS

Sousa chinensis Indo-Pacific hump-backed 1991  CMS, Pacific Cctaccans

dolphin
" Sousa teuszii Atlantic hump-backed 2009 1991  CMS, Western African Aquatic Mammals
dolphin

Stenella attenuata Pantropical spotted dolphin 1999  CMS, Western African Aquatic Mammals,
Pacific Cetaceans

Stenellu clymene Clymene dolphin 2009 CMS, Western African Aquatic Mammals

Stenella coeruleoalba Striped dolphin 2001  CMS, ASCOBANS, ACCOBAMS, Western
African Aquatic Mammals, Pacific Cetaceans

Stenella longirostris Spinner dolphin 1999 CMS, Westem African Aquatic Mammals,
Pucific Cetaceans

Tursiops aduncus Indian bottlenose dolphin 1979  CMS

Turstops truncatus Bottlenose dolphin 2009 1991  CMS, ASCOBANS, ACCOBAMS, Western
African Aquatic Mammals, Pacific Cetaceans

Ziphius cavirostris Cuvier's Beaked whale 2014 CMS, ACCOBAMS

Sirenians

Scientific name Common name Appl I CMS Instruments

Dugong dugon Dugong 1979  CMS, Dugong

Trichechus manatus Manatee 1999 1999  CMS

Trichechus senegalensis West African manatee 2009 2002  CMS, Western African Aquatic Mammals

Sci

clentific name Common name Appl 11 CMS Instruments

Carelta carettn Loggerhead turtle 1985 1979  CMS, IOSEA Marine Turtles , Atlantic Turtles
Chelonia mydas Green turtle 1979 1979  CMS, IOSEA Marine Turtles, Atlantic Turtles
Dermochelys coriacea Leatherback turtle 1979 1979  CMS, IOSEA Marine Turtles, Atlantic Turtles
Eretmochelys imbricata Hawksbill turtle 1985 1979 CMS, IOSEA Marine Turtles, Atlantic Turtles
Lepidochelys kempii Kemp's ridley turtle 1979 1979  CMS, Atlantic Turtles

Lepidochelys olivacea Olive ridley turtle 1985 1979  CMS, IOSEA Marine Turtles, Atlantic Turtles
Natator depressus Flatback turtle 1979  CMS, IOSEA Marine Turtles

Fish, Crustaceans and Cephalopods
Fish, crustaceans and cephalopods are considered as listed CMS species as well as prey to CMS listed species.

Scientific name Common name Appl 1 CMS Instruments
Carcharodon carcharias Great white shark 2002 2002 CMS, Sharks
Cetorhinus maximus Basking shark 2005 2005  CMS, Sharks
Isurus oxyrinchus Shortfin mako shark 2008  CMS, Sharks
Isurus pavcus Longfin mako shark 2008  CMS, Sharks
Lamna nasus Porbeagle 2008  CMS, Sharks
Alopias pelagicus Pelagic thresher shark 2014 CMS

Alopias superciliosus Bigeye thresher shark 2014 CMS

Alopias vulpinus Common thresher shark 2014 CMS
Carcharhinus falciformis Silky shark 2014 CMS

Sphyrna lewini Scalloped hammerhead shark 2014 CMS ]
Sphyrna mokarran Great hammerhead shark 2014 CMS

Manta alfredi Reef manta ray 2014 2014 CMS

Manta birostris Manta ray 2011 2011 CMS

Manta alfredi Reef manta ray 2014 2014 CMS

Mobula eregoodootenkee Pygmy devil ray 2014 2014 CMS

Mobula hypostoma Atlantic devil ray 2014 2014 CMS




Mobula japanica Spinetail mobula 2014 2014 CMS

Mobuia kuhlii Shortfin devil ray 2014 2014 CMS

Mobula mobular Giant devil ray 2014 2014 CMS

Mobula munkiana Munk’s devil ray 2014 2014 CMS

Mobula rachebrunei Lesser Guinean devil ray 2014 2014 CMS

Mobula tarapacana Box ray 2014 2014 CMS

Mobula thurstoni Bentfin devil ray 2014 2014 CMS

Squalus acanthias Spiny dogfish 2008  CMS, Sharks

Otters
Scientific name Common name Appl 1 CMS Instruments
Lontra felina Marine otter 1979 CMS
Polar bear

Scientific name ~ Common name Appl 1 CMS Instruments
Ursus maritimus Polar bear 2002 CMS







