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Abstract

In recent decades, anthropogenic noise has beceocognised as a major pollutant
worldwide and the study of its impacts has incrdasee to the potential for adverse
consequences on wildlife. For marine environmewtsere sound is transmitted very
efficiently through water, underwater noise hasaased, mainly, at low and medium
frequencies. Of all marine organisms, cetaceans beayhe most affected, as they
depend primarily on sound to communicate, navigaie find food. Accordingly, the

general aims of this thesis are to identify thee/pf anthropogenic noise facing New
Zealand’'s cetaceans, the potential impacts, rewessent legislation, and to propose

improvements to enhance current mitigation measafrgspacts.

My systematic review showed that 90% of the infdrora about impacts of noise
pollution on cetacean comes from peer-review josraad, although available from
1975, studies of marine noise pollution substdgtiacreased after 1997. In addition, |
identified the limited information on this topic important areas such as Latin
America, Africa and Southeast Asia, as well asargiin the Arctic and Southern
Ocean. | also found that most effort has been fdtum the impact of vessels, and
bottlenose dolphin and harbour porpoise are, hytti@rmost studied species, showing a
disparity in research coverage of both sourcesotfenand species. For New Zealand,
there is a striking lack of knowledge of the rarajesources of noise on cetaceans
(excluding vessels). The information | compiled &ew Zealand’'s cetacean
distributions showed that three main groups arel wegpresented: baleen whales,
delphinids and beaked whales. Nonetheless, thenattton available for these species
varies greatly. While there are some species vely studied, for others New Zealand
species, the available information is scarce, @sarcase of beaked whale.

Current mitigation measures can only be effectiveomprehensive data are used to
inform them. For example, planning surveys at d#ifieé spatiotemporal scales are
crucial to increase the effectiveness of mitigatimeasures. In particular, spatial
modelling techniques can support mitigation measbsehelping managers to identify
areas of conflicts between marine mammal consemvadind the development of

activities such as dredging, drilling and seismicveys. | used opportunistic sighting



data collected from different platforms, and selveraironmental variables biologically
important for cetaceans and/or their prey, to er@aaps of habitat suitability for seven
species of cetaceans in New Zealand. These magsonegated using maximun entropy
modelling (MaxEnt), a model system that does nquire absence data and performs
well with small sample size. Models validations #&edone using the Receiver
Operating Characteristic curve (ROC) and the Araddd the Curve (AUC) values. The
models for all seven species had excellent disoatory power (AUC > 0.9). The
environmental variables depth and sediment hadrbst explanatory power for the
distribution of these species. Comparisons of tieasof current and designated areas
for exploration activities with the marine mammadtdbutions generated using MaxEnt
show significant and wide-ranging conflicts. Of fi@arlar concern is the designated area
for exploration in the northern part of the Norglahd, this area overlaps with the
distribution of the highly endangered Maui’'s dolphand will add new pressures on
this already diminished population. Expanding noelated research in this region (as
elsewhere) will help stakeholders to support futilgeisions for planning when human

activities enter into conflict with cetaceans.

Finally, the development of effective laws that qately regulate the anthropogenic
noise impacts on marine mammals has been a taskh#sataken many years to
advance. To assess the effectiveness of New Zéslgislation to mitigate impacts
from seismic surveys and whale-watching activitledgscribed and compared methods
prescribed by international associations. Strengtlithe Code of New Zealand are that
it presents a set of comprehensive guidelines wjtecific mention of biologically
important aspects such as mother/calve pair pyiddbnetheless, improvements could
be made regarding the enforcement of these guetelim addition, | suggest that New
Zealand’'s whale-watching guidelines, could be impob through the inclusion and
implementation of an Impact Assessment, the cneaifcseparate guidelines to protect
specific species and/or areas and, as with seiagtigities, ongoing enforcement of

guidelines.
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Glossary!

Attenuation: Decrease of sound pressure levels/acoustic energy.

Audiogram: Graph showing the absolute auditory threshold wefi®quency

Auditory threshold (hearing threshold): Minimum sound level that can be perceived

by an animal in the absence of background noise.

Bandwidth: Range of frequencies of a given sound.

Critical band: Frequency band within which ambient/background endigs strong

effects on detection of a sound at a particulagueacy.

Critical ratio: Is the difference in level between a tone at theeshold of aural
detection and the spectrum level of masking notsthe same frequency (Cato et al.,
2004Y.

Decibel (dB): Unit of sound level measured by comparing a soudgure (P) to a
reference pressurep(Ra for underwater sound reference angRa in air). Decibels are

on a logarithmic scale (usually sound level (dB0dog(P/Pref)) (Lusseau, 2068)

Duty cycle: Percent of a time a given event occurs. A 1 s tong with silent intervals
of 1 s has a duty cycle of 50%.

Evoked potential: Electrical signal that is emitted in the nervoystem in response to a

stimulus such as a sound (Lusseau 2008)

Masking: Obscuring of sounds of interest by interfering stsiat similar frequencies.

! Glossary after Thomsen, F., Lidemann, K., Kafem&n& Piper, W. (2006). Effects of offshore wirat noise
on marine mammals and fisBiola, Hamburg, Germany on behalf of COWRIE, I62.

2 Cato, D. H., McCauley, R. D., & Noad, M. (2004, Nowmr). Potential effects of noise from human adésiton
marine animals. Ilnnual Conference of the Australian Acoustical Sgcjgp. 369-374).

3 Lusseau, D. (2008). Understanding the impactsaigenon marine mammals. In J. Higham & M. Liick (Eds
Marine wildlife and tourism managemegpp. 206-218). UK.
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Octave band:Interval between two discrete frequencies havifrg@uency ratio of two.

One-third-octave-band: Interval of 1/3 of an octave. Three adjacent 1/&we bands

Span one octave.

Peak-to-peak (p-p): Is the difference of pressure between the maxinpositive

pressure and the maximum negative pressure inralsgave.

Permanent threshold shift (PTS):A permanent elevation of the hearing threshold due

to physical damage to the sensory hair cells ottre

Propagation loss (transmission loss):oss of sound power with increasing distance.

Pulse:A transient sound having a finite duration.

Source level (SL):Acoustic pressure at a standard reference distafriten. Unit in dB

re 1uPa at 1 m (sometimes given as: @ 1m).

Sound pressure level (SPL)Expression of the sound pressure in decibel (dB).

Temporary threshold shift (TTS): Temporal and reversible elevation of the auditory
threshold.
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Chapter One

Introduction




1.1. Noise as a source of pollution

The world is full of noise affecting both humanglaanimals, but little is known about
the role and influence of noise for biological prsses at different scales (Farina, 2014).
In humans, it has been demonstrated that exposuertain sources of noise can
induce hearing impairment, hypertension and iscbheheart disease, anger, sleep
disturbance, and decreased academic performanssctier-Vermeer & Passchier,
2000). In animals, research into the effects o@ais a source of pollution is growing;
currently anthropogenic noise is recognised as prmaorldwide pollutant, and at
times can be considered as important as chemichbstawces as a source of
contamination and environmental damage (Francitegar& Cruz 2009; Bruintjes &
Radford, 2013; Morley, Jones & Radford, 2013; Fariz014).

Within the last century, since the industrial rexmn, human activities have generated
new patterns of noise that may have significant adgerse effects on acoustic
communication in several taxa (Lengagne, 2008). &ugenerated noise is capable of
moving long distances through terrestrial and neaegoosystems and affects any animal
capable of hearing (Slabbekoorn et al., 2010). &oan be defined as an unintentional
or unwanted sound, possibly disagreeable or noXlissig & Richardson, 2008), and
can be classified as background noise (e.g. witatms, animal choruses, etc.) or
anthropogenic noise (human-made noise). In teraésttosystems, the major sources of
anthropogenic noise are roads, urban developmehtransportation networks (Barber,
Crooks & Fristrup, 2010). While in marine ecosyssencommercial shipping has
become the major source of noise, as well as \&@smeraction activities and military-
related activities (Popper, 2003; Firestone & Jar007; Weilgart, 2007).

In recent years, there has been an increasingesiter understanding the impacts of
noise on wildlife. Some evidence suggests thatenamgght cause diverse effects at
different levels. At the cellular level, noise meguse DNA damage, affecting neural,
developmental, immunological and physiological fimt (Kight & Swaddle, 2011). At

ecological levels, it has been argued that noisghimhave negative impacts on
communities through species interactions (Fraroidega & Cruz, 2009; Francis &
Barber, 2013). In addition, noise can influence naai behaviour through the



interference of sound perception; an effect caltedsking. Masking prevents the
detection of important sounds as interspecific camigation, detection of prey and
predators, defence of territories or attractiomates (Warren, Katti, Ermann & Brazel,

2006; Barber, Crooks & Fristrup, 2010; Francis &liga, 2013) (Table 1.1).

Table 1.1.Example of impacts of noise on different taxaiiecent organisational levels.

Level Species Impact Source of noise Reference

Cellular Homo sapiens Vibroacoustic Infrasound and Alves-Pereira
Disease (VAD) low frequency et al., 2006

noise (0-500
Hz)
Cyprinus carpio, Increasing cortisol Ship noise Wysocki et
Gobio gobioand secretion al., 2006
Perca fluviatilis
Individual Siala sialis Reduction in Environmental  Kight et al.,
productivity and noise 2012
brood size
Balaenoptera Different responses Mid-frequency Goldbogen et
musculus sonar al., 2013

Population  Taeniopygia guttata Decreasing females Environmental Swaddle &
preference for pair- noise Page, 2007

bonded males

Community  Tursiops truncatus  Increasing whistle Watercraft Buckstaff,
2004
Ecosystem Myotis myotis Decrease foraging  Traffic noise Siemers &
efficiency Schaub, 2011

1.2. Noise in terrestrial ecosystems

Increasing anthropogenic noise (in time, space amdplitude) represents an
evolutionary novelty by increasing acoustic intezfece, which would be a force that
could potentially influence the evolution of marpesies (Slabbekoorn & Ripmeester,
2008; Laiolo, 2010). Although, animals have develbglifferent mechanisms to deal
with natural background noise, the constant ine@eashe anthropogenic noise could

represent significant challenges for animal commation systems (Lengagne, 2008).
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In terrestrial urban ecosystems, the main sour@atbfropogenic noise is traffic. Traffic

imposes serious threats to animals, which are nigt éxposed to a constant source of
noise, but also increasing the impacts of habrgrhentation, chemical pollution and
mortality from collision (Farina, 2014). Althougkpmetimes it is not clear whether
noise affects populations or communities of animateme studies have shown that
noise significantly alters terrestrial animal belbavs (Francis & Barber, 2013). Among

all the terrestrial taxa, birds have been the neogensively studied. Some studies
suggest that noise can negatively influence birdufaions and communities, thus
traffic noise can interfere with both the detectminheterospecific predators and the
detection of other individuals from the same spgcithereby interrupting species
interactions (Slabbekoorn & Ripmeester, 2008; Fgetal., 2009; Barber et al., 2010).

Francis et al., (2009) demonstrated that noiseredace nestingpecies richness and
lead to changes in avian communities. Their evidesuggests that acoustic masking
may be a major mechanism by which birds avoid bngedh noisy areas. Lengagne
(2008) found that traffic noise pollution can pr&eoa decrease in male calling in the
frog speciedHyla arborea Decreasing in male calling directly effects faeeof these
species, inasmuch as, the reproductive successrogontional to calling effort
(Lengagne, 2008). KighGaha, & Swaddl€2012) found that eastern bluebir@&dlia
sialis) experience decreased productivity when nestingreas with elevated noise
levels (Kight et al., 2012), suggesting that shertn adjustments in the acoustic signals
can result in evolutionary traps as these new hehessrmay be maladaptive (Francis &

Barber, 2013)what can generate a long-term threat to the persistof a population.

1.3. Noise in aguatic ecosystems

In the same way that terrestrial noise pollutiors lrecreased, anthropogenic noise
pollution occurring underwater also has increasedinly, at low and medium

frequencies (Hildebrand, 2005). Unlike air, sousitkansmitted very efficiently through
water (Firestone & Jarvis 2007). However, when sisuoropagate from water into the
air, the acoustic intensity decreases 30 dB, becadisthe resistance of the water
(Hildebrand, 2005). Sound propagation on aquatasystems can vary depending on
physical characteristics such as depth, temperasaieity, and surface and bottom



conditions. At higher temperatures, salinity aneésgure, sounds will travel faster
(Firestone & Jarvis 2007). Similar to terrestriabgystems, detrimental effects of noise
in several aquatic animals, such as fish and mamaenmals have been reported
(Popper, 2003; Lusseau, 2005; Wirsig & Richards0(8; Bruintjes & Radford,
2013). Experiments carried out with fish, have shdhat noise can affect important
behaviours, such as nest digging and defence agadators and social interactions
(Bruintjes & Radford, 2013).

Marine mammals may be the most affected aquatimalsi since they depend mainly
on sound to communicate, navigate and find fooa@h&idson, Greene, Jr., Malme &
Thomson, 1995, 1995, Wirsig & Richardson, 2008)this group, researchers have
identified a range of effects produced by anthr@pag noise (Wirsig & Richardson,
2008). The impacts can vary from undetectable twersg depending on the
characteristics of the sound and the species coadeSuch effects include tolerance
and habituation to certain noise, changes in belbayvavoidance reactions, masking,
hearing impairment, physiological effects and strgRichardson et al., 1995;
Hildebrand, 2005; Weilgart, 2007a, b; Wrsig & Raothlson, 2008).

Marine mammals can sometimasderate certain sounds, to stay in a preferred area,
such as feeding grounds, even when the sounddrarg £nough to cause an obvious
reaction in other individuals of the same speam®lved in other activities (Wursig &
Richardson, 2008). On the other hanabituationrefers to the loss of responsiveness to
noise over time (Richardson et al., 1995; HildedraB005). Habituation to noisy
places, as in the case of tolerance, can signél ¢artain areas are important for vital
activities despite the noise present there (Hildety 2005). Generally, animals should
be exposed to a continuous or repeated stimuluacuampanied by any sign of danger
to become habituated (Richardson et al., 1995).

Marine mammals have been obserebdnging their behavioun presence of different
human-made noise sources, such seismic surveys ahd airguns (Weilgart, 2007b).
The responses are diverse, and include disruptiomesting, feeding and social
behaviours in pinnipeds; changes in swimming speeshiration rate, reductions in
foraging efficiency and displacement from the ameacetaceans (Richardson et al.,

1995; Weilgart, 2007b). For example, Florida maestelrichechus manatus
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latirostris) change their behaviour in response to both aptgenic and background
noise. Manatees with calves avoid the seagrasaulgas in the presence of high-level
noise (Miksis-Olds & Wagner, 2011). Anthropogenaise can be emitted at the same
frequency and intensity as signals emitted by eetas, making important animal
signals undetectable (Simmonds, Dolman, & Weilga@04). This masking, reduces
the range in which important signals can be heardithe signal’s quality information
(Weilgart, 2007b). Important signals include ecleakion for finding prey, cues from
conspecifics, groups’ cohesion, navigation aid, aalts between mothers and calves
(Simmonds et al., 2004).

Hearing lossin cetaceans can be induced by the exposure toimignsity sounds.
Noise can induce temporary (temporary thresholfl SRTS-) or permanent (permanent
threshold shift -PTS-) consequences (Hildebrand)520VNeilgart, 2007a)Hearing
impairmentreduces forage efficiency, increases vulnerabilitypredators and affects
social cohesion (Hildebrand, 2005). In mammaldais been demonstrated that noise
has indirect and diregbhysiological effectsand these effects can vary from subtle
disturbances to the death of the animals (Hildehr&005). Physiological effects can
be divided in two categories: lethal blast injurdesl sub-lethal acoustic trauma (Ketten,
1993). Lethal effects occur when animals die imraesdly or are seriously debilitated by
an intense source of noise. Sub-lethal acoustisrteaoccurs when sound levels exceed

the ear’s tolerance, e.g. as a result of high seg€bkhipping noise (Ketten, 1993).

1.4. Sound characteristics

Sound is a mechanical wave motion propagating irlastic medium, such as air or
water. When there are fluctuations in fluid pressilne sound is produced (Richardson,
et al., 1995). Sound has three aspects that cahsbeguished: first, there must be a
source for a sound; second, the energy resultingarsferred in form of longitudinal
sound waves; and third, the sound is detected &ydn or a device (e.g. microphone,
hydrophone) (Giancoli, 2000). One characteristithefsound is its speed. The speed of
sound is defined as the distance travelled perairitne by a sound wave propagating
through an elastic medium (Simmonds et al., 2004& speed of sound depends on the
elasticity and density of the medium. In air at 0G4@d 1 atmosphere (atm), sound



travels at a speed of 331 m/s (Giancoli, 2000).sTlm the water, it travels about 4.3
times faster; about 1,484 m/s. Sound waves arecdhlaracterised by their frequency,
defined as the rate of oscillation or vibration,asred in cycles per second or hertz
(Richardson, et al. 1995). Another characterigtithe wavelength that is the distance
travelled by a wave in one oscillation. The ampldus defined as the distance at which
a vibrating particle is displaced from the othérisimeasured in decibels (dB) (Figure
1) (Richardson, et al. 1995). When there is a changthe frequency, taking as a
reference the human hearing threshold, high-frecpéunltrasonic, above 20 kHz) or

low frequency (infrasonic, under 20 Hz) sounds geaerated. Thus, animals such as
dolphins, bats and dogs can detect ultrasonic &egjas, while whales, elephants and

pigeons can detect infrasonic frequencies (Ricluardst al. 1995).

' Wavelength (A) . Transverse wave
! — —

Amplitude
(Power)
time >

Frequency
(Number of oscillations
per second)

Figure 1.1.Graph of a horizontal wave showing amplitude, viewgth and frequency over

time (t). Modified fromhttp://www.ssc.education.ed.ac.uk/bsl/physics/wervgih.html

Another characteristic is the sound intensity, Wwhgdefined as “the energy transported
by a wave per unit time across a unit area perpeatatito the energy flow” (Giancoli,
2000). Sound intensity is an important charactertstdescribe a specific sound; hence,

it is important to measure it. Sound intensity barmeasured as follows:

I
Sound intensity (dB) = 10log [1—]
0

Wherely is the reference intensity, ahds the intensity of the signal. Humans translate
sound intensity logarithmically, hence acousticiase a logarithmic scale to measure
relative sound intensity and denote the scale obéés (dB) (Parsons, 2013). The dB

value should be followed by the notatiogy which denotes the reference value and

7



1uPa (1 micropascal), the standard reference valueséamd in water (e.g. 140 dB
re:1uPa) (Parsons, 2013). Finally, other important souhdracteristics are pitch and
loudness. Pitch refers to whether the sound is-haghlow-frequency. Loudness is
related to the intensity in the sound wave, defiasdhe energy transported by a wave

per unit time crossing unit area (Giancoli, 2000).

1.5. Sound production in cetaceans

Cetaceans are able to produce both high frequamtyoav frequency sounds (Wartzok
& Ketten 1992), but the mechanisms underlying thedpction of these sounds are
poorly understood, particularly in baleen whalesm®& of the mechanisms explaining

the sound in cetaceans are described below.

1.5.1. Baleen whales

Studies on the anatomy of baleen whale sound ptiotuare limited. Reidenberg and
Laitman (2007) studied the internal anatomy of thgynx in 34 baleen whales
specimens. The researchers found that baleen wHmes a U-fold structure
homologous to the vocal folds in other mammals. yThhegue that despite some
differences in positioning of the structure wittspect to other mammals, the U-fold
structure might have similar function in airflowgrdation and pneumatic sound
generation. Researchers concluded that baleen svhalle on their larynx to produce
sounds, and that the mechanisms of sound produictibaleen whales are as follows:
the generation of the fundamental frequencies identarough U-fold vibration, sound
quality is modified by larynx muscles contractioasd, finally, the vibration of the
laryngeal sac wall produces a sound transductianhwasses to the ventral throat pleat
by pulsation reaching the water (Reidenberg & Laitn2007) (Figure 1.3).



Esophagus
Vocal folds

Figure 1.2. Diagram of the sound production structures in baledales. Modified from
Reidenberg & Laitman, 2007.

Laryngeal sac

1.5.2. Toothed-whales

Unlike baleen whales, toothed-whales produce sotimasigh nasal air sacs located
below of the blowhole (Berta et al., 2006; Fran€109). This structure is responsible,
at least, for the production of whistle and echatmn clicks (Berta et al., 2006). This
sound system comprises a structure called the nyohgs/dorsal bursae (MLDB)
complex that is formed by two lipid filled sacs kno as bursae, one anterior and the
other posterior, in which the phonic lips (or “meyKips”) are inserted. In addition, the
bursal cartilage and the blowhole ligament fornt pathis system. All components are
suspended by muscles and air spaces (Cranford, €it98I6; Berta et al., 2006). The
sound is produced when the air passes through hleaig lips, which produce a
vibration of the MLDB complex. The opening and ahtgsof the phonic lips determine
the click repetition rate (Cranford et al., 199)d the air used in this process either can
return to the nasal passage or be released intovdtex (Frankel, 2009). The vibration
produced by the MLDB complex is focussed and da@anto the water with the help of
the melon, a fatty structure at the anterior ofgkell (Berta et al., 2006; Frankel, 2009)
(Figure 1.4).



Phonic lips

Posterior bursa

Anterior bursa

Skull

Air space

Figure 1.3 Diagram of the MLDB complex and sound productitructures in dolphins.
Modified from Cranford, 1999.

1.6. Type of sounds in cetaceans

Baleen whales are capable of producing differepésyof sounds classified as moans,
simple and complex calls and complex ‘songs’ (Wakt& Ketten 1992). It has been
suggested that these vocalisations are used nfaintyommunication, mate attraction,
aggression, distress and feeding (Reidenberg &raait 2007). Moans are sounds low
in frequency, generally below 200 Hz and betweehahd 40 s in duration. Simple
calls are narrow band sounds with a peak frequeetywl kHz. In contrast, complex
calls are characterised by broadband pulsating iardpl and/or frequency modulation
and finally, baleen whales are able to produce dexnfsongs” which are series of

sounds that are repeated continuously (Wartzok &ke 1992; Darling, 2009).

In comparison, toothed-whales are able to prodimeet types of sounds: clicks,
whistles and pulsed sounds. It has been suggdlstéeédclicks are used mainly for
echolocation, while pulsed sounds and whistlesuaesl for communication (Cranford
2000; Frankel, 2009). Pulsed sounds and whistlespanduced in the nasal region
(Cranford, 2000), while clicks are broadband soundk frequencies between 10 and
200 kHz (Wartzok & Ketten 1992). A click’s structucan vary in duration, waveform
type and frequency between different groups of totetes (Frankel, 2009).
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Whistles are a type of vocalisation with a narraamd frequency modulated sound with
a harmonic structure. The frequencies of theseligations are between 4 and 16 kHz,
and their duration is less than 1 s (Wartzok & &eti992;Berta et al., 2006). Almost
all odontocetes can produce this type of soundgmxdéor dolphins in the genus
Cephalorhynchukogia, NeophocoenaPhocoenaPhocoenoideandPhyster(Au and
Hastings 2009; Frankel, 2009). Within this categaignature whistles, i.e. whistles
with individualised contours have been describadr{kel, 2009). This type of whistles
can provide individual recognition of a specificiglin, and it has been suggested that
they help to maintain group cohesion (Frankel, 20Bally, pulsed sounds are sounds
with short duration and constant frequency, whidcuo quickly and consecutively
(Wartzok & Ketten 1992; Frankel, 2009). Within thdategory are broadband pulses
known as burst-pulses, most of their energy ikienlow frequencies and they are likely

used for communication between group members (lEtaBR09).

1.7. Thesis outline

In recent decades, the study of the impact of meanaise pollution has become a
significant area of research due to the increasiagnitude of the issue and its adverse
consequences for cetaceans and other marine anirAal®ng the sources of
anthropogenic noise affecting marine environmentsse from vessels and seismic
surveys are those of greatest interest to New HAdalkor vessels, whale-watching
activities pose a big threat for marine mammald, taking into account that ecotourism
is a significant industry in the country, assesshegy potential effects of vessel noise is
crucial. Likewise, seismic activities have augmdntieie to the increasing interest of
New Zealand in the extraction of mineral resourddee fact that both industries are
very important in the national panorama necessitatee evaluation of existing
mitigation measures and the proposal of new tapsupport them. This information is
needed to propose more efficient measures of grotefor cetaceans in New Zealand
since many of these species are under high thi@agxample Maui’'s and Hector’s

dolphins.
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1.8. Thesis structure and aims

This thesis is composed of seven chapters, inadudmintroductory and a concluding
chapter. A description of each chapter and objestare shown below:

Chapter one: this introductory chapter presents an overviewooingl and its effects on
wildlife in both terrestrial and aquatic environneenn addition, it presents and defines

terminology used in studies that involve sound.

Chapter two: this chapter presents the sources of natural atida@ogenic noise that
are potentially detrimental for marine fauna. Tima af this chapter is to contextualise

and characterise the sources of noise that caoumel fin aquatic ecosystems.

Chapter three: this chaptempresents a systematic review of current knowledgie
impacts of noise pollution on cetaceans worldwiliee aim of this chapter is to identify
current gaps in the knowledge about this topic.

Chapter four: this chapter isa compilation of the available information aboue th
distribution of cetaceans around the world and @vN.ealand. The aim of this chapter
is to summarise the distribution of marine mammabhsl use this information to

understand areas of human wildlife conflict (chafites).

Chapter five: this chapter proposes the use of species distibbutiodels, MaxEnt in

this case, for planning activities that producehhlgvels of noise, such extraction
activities. Taking seven species as models for dniglysis, the aims of this chapter
were to generate models of potential distributioin selected threatened marine
mammals in New Zealand. In addition, based on thpsrbtained, use them as a tool
for planning and decision making of activities urdken offshore, such as drilling,

dredging and seismic surveys, to minimise the impaanthropogenic noise on marine

mammals.
Chapter six: this chapter presents different guidelines andslations from different

regions around the world for comparison with Nevaldad'’s legislation with the aim

of finding areas where legislation could be imphve
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Chapter seven:this chapter summarises the main findings in thevipus chapters

from a management and conservation perspective.
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Chapter two

Sources of noise In the ocean




2.1. Introduction

In the oceans, there are multiple sources of ndi$ering from each other by
characteristics such as frequency, amplitude, muratrise time, duty cycle and
repetition rate (Weilgart, 2007). Noise in the atés the result of both ambient and
anthropogenic sources. Ambient noise (backgrounskehan the ocean can come from
many sources; including natural and man-made r{diseant shipping). Natural sources
of noise can include those from physical and natpracesses such as earthquakes,
tectonic plates, wind and waves and vocalisatiofisdifferent marine species
(Hildebrand, 2009).

Natural sources of noise include both physical dmdlogical processes, while
anthropogenic sources may include aircraft, boats ships, explosions, oil and gas
drilling, seismic exploration, sonar, acoustic defets, harassment devices and marine
wind farms. Anthropogenic noise sources have irsg@alramatically in recent decades
as a major background noise in the ocean, esdgntralnany coastal areas near urban
centres. Many of these sources are also concestirateusy routes at sea, and include
areas such as continental shelves and coastalswat=as of biological importance and

habitat for many marine species (Hildebrand, 2009).

This chapter presents the sources of natural attttagogenic noise that have been
studied as potentially detrimental for marine fauide aim of this chapter is to
contextualise and characterise the sources of nibige can be found in aquatic

ecosystems.

2.2. Biological sources of noise in the ocean

In the oceans, marine mammals can be the mainilootars to biological background
noise, as well as other species such as fish amdsRichardson et al., 1995). These
noises can be produced in a range between ~ 18 bikzetr 100,000 Hz, and also can be
almost absent or dominant over certain frequenages. When biological noise is
dominant in a particular frequency band, it caerfere with detection of other sounds

at those frequencies (Richardson et al., 199%hdrcase of marine mammals, these can
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contribute to the ambient noise by 20-25 dB at $igdocations and specific periods of
the year. For example, colonies of snapping shoarpproduce sounds that range from
few kilohertz to above 100 kHz (National Researcuil, 2003).

Marine mammals produce vocalisations covering a&wahge of frequencies, from <10
Hz to >200 kHz (National Research Council, 20033k[€ 2.1). For example, blue
whales Balaenoptera musculysnd fin whales . physalu$ produce low-frequency
moans, between 16 and 25 Hz, with a source levelnalr 155 — 188 dB redPa at 1 m
(Cumming and Thompson, 1971; Au, 2000; Kupermard3200n the other hand, fish
can produce pulsed signals below 1 kHz. Althoubk, dverall contribution of fish to
the total noise has not been quantified, it has Iseggested that the major contribution
comes from animals that form choruses. These chsrosn increase the ambient noise
level by 20 dB or more in the 50-Hz to 5-kHz bancerosustained periods of time
(National Research Council, 2003).

Table 2.1.Source levels and frequency for some sounds ge&tkebgtmarine species.

Source level
Source Frequency Reference
(underwater dB at
1m)
Sperm whale clicks Goold & Jones, 1995
Up to 223-236 12-15 kHz
(Physeter macrocephalys Mohl, et al., 2000; 2003
Janik, 2000; Jensen, et
Bottlenose dolphin whistles al., 2012; Leatherwood
_ 125-173 4-20 kHz
(Tursiops truncatus & Reeves, 2012;
Kuperman, 2013
Fin whale Moans 155 - 186 Dominant 20 Hz Au, 2000; Kuperman,
(Balaenoptera 2013.
physalu$ Ealb 189+4 15-28 Hz Sirovi¢, et al., 2007
Dominant 16-25 Cummings &
Blue whale Moans 188
Hz Thompson, 1971
(Balaenoptera
Au, 2000
musculu} Calls 189+3 L
25-29 Hz Sirovi¢, et al., 2007
Moans 126-152 20-300 Hz Cummings &
Gray whale Blow Thompson, 1971
C = 15-175 Hz
(Eschrichtius sounds Au, 2000
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robustug bubbletype

: 112 15-305 Hz
signals
Knock
116 350 Hz

sounds

Songs 144-189 Up to 24 kHz
Humpback whale Fluke and Au, et al., 2001
(Megaptera Flipper 183-192 0.03-8 kHz Au, et al., 2006
novaeangliag Slap Samaran, et al., 2012
Snapping Shrim 183-189

p!o J : P Samaran, et al., 2012

(Family Alpheidae) (peak-to-peak) -

2.3. Anthropogenic sound

Noise can be introduced directly on the ocean nrb@aa sub-product of other activities,

such as shipping (Hildebrand, 2005). Different sear of noise can contribute in

different bands. For example, ship propellers, @sipks and seismic sources are the
main contributors in the lowest bands between Hz0In mid-bands, between 10-100

Hz, the main contributors are shipping, explosivesjsmic surveying sources,

construction and industrial activities, and navatvsillance sonar. Finally, at higher

bands (1-10 kHz), the main contributors are neatbgs, seismic air-guns, underwater
communication, naval tactical sonars and depth densn(National Research Council,

2003).

2.3.1. Vessels/boats and ships

The noise produced by vessels has become globatigriant because it is considered a
major pollutant and a threat to aquatic animalsréhamsen, 2012). Noise from vessels
contribute to the ambient noise (background na$ehe marine environment primarily

at frequencies below 100 Hz, and it has been ewttnthat over the last five decades
this noise has increased 15 dB in the deep oceae,(R014). The contribution of

vessels to ambient noise is not equally distrib@texdind the globe, being higher in the
shipping lanes and the northern hemisphere (Hatet.,e2008). In general, the noise

contribution by vessels may vary depending on oertharacteristics of the vessels
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such as size, speed and mode of operation. Noisslare higher in large vessels, and
this increase as their speed increase (Richaragoal,, 1995). These low frequencies
overlap with the frequencies used by baleen whaledifferent vital activities such as

communication (Simmonds et al., 2004).

Vessels can be divided into two major groups, ieteaal and commercial vessels.

» Commercial vessels are primarily used for eitheryrag cargo or passengers. They
can be found in a variety of sizes from 6 m to #41.8n this category are placed the
tankers, supertankers, containers, bulk carrieegjes and cruise shibsSome

examples of the impacts of these types of vesselstown in Table 2.2.

Table 2.2.Example of studies addressing the responses afaezs to commercial vessels.

Type of commercial Species Impact Reference

vessel

Large vessels Cuvier's beaked whale change in the foraging Aguilar-Soto et al.,

(ultrasonic components and diving behaviour 2006

Ship (low-frequency Right whale Stress Rolland et al., 2012

noise)

Maritime traffic Bottlenose dolphin call rates Luis et al., 2014
decreased

Ferry Beluga whale Reduction in calling Lesage et al., 1999

rate; increase call
repetition, etc.
Commercial ships North Pacific blue Changes in calls McKenna, 2012

whale

* Recreational vessels are those used for leisuot as fishing, navigation, small
watercraft or whale-watching boats. Small boat'giea generates noise around 1-5
kHz (mid-frequency) at moderate source levels (ttb080 dB re uPa at 1 m) (Erbe,
2002). These high frequencies have the potentipetturb small cetaceans (Simmonds
et al., 2004). Table 2.3 shows some examples ointipact of recreational vessels on

cetaceans.

* http://www.ics-shipping.org/shipping-facts/shipgiand-world-trade/different-types-of-ship-in-the-
world-merchant-fleet
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Table 2.3.Example of studies addressing the responses afezeta to touristic vessels.

Type of recreational Species Impact Reference

vessel

Boats Bottlenose dolphins Seasonal displacement Rako et al., 2013

Boat traffic Orca Longer call duration Foote ef aD04

Whale-watching boats Indo-Pacific bottlenose Altered dolphins’ Steckenreute et al.,
dolphins behavioural states and 2012

activity budgets

Whale-watching boats Sperm whale Change in swimming Ritcher et al., 2006
patterns

Vessel generated noise Blainville’s beaked Change in foraging Pirotta et al., 2012
whales patterns

2.3.2. Seismic exploration

Seismic surveys consist in the generation of reguldses of sounds through devices
(general airguns) attached to a vessel. Theserargelease a volume of air at high
pressure (about 2000 psi), which expands violemtbntracts and re-expand again,
creating a sound wave (Richardson et al., 1995; &&€y et al., 2000). This sound
wave travels to the seabed and is reflected bawok.sbund is picked up by hydrophone
arrays allowing form a profile of the rock strafatlee seafloor (McCauley et al., 2000).
Seismic surveys are important contributors to loegfiency sound in the oceans, and
one of the most intense noises, producing shoratdur sounds (Richardson et al.,
1995). The noise varies depending on the diffechatacteristics of the devices such as
design, capacity, air pressure, etc., but in géndray can reach broadband impulses
with source levels between 216 and 232 dB d°a at 1 m (Richardson et al., 1995).
On the other hand, for arrays of air guns the smitevel can reach 230 - 255 dB re 1
pPa at 1 m (Richardson et al., 1995, Hildebrand5280arine Mammals Commission,
2007; Nowacek et al., 2007).

There are two types of marine seismic surveysgeitWwo-dimensional (2D) or three-
dimensional (3D). 2D surveys are made using a sihgtirophone array, and produce
two-dimensional cross sections of the strata. W3illdesurveys use several hydrophones

and airgun arrays, creating 3D images of the siflsli@rine Mammals Commission,
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2007). Three-dimensional seismic surveys are ussdveral fields, such as oil, gas and
mining industries, by academic and government gspugmvironmental consulting,
among others (National Research Council, 2003). &€y et al. (2000) studied the
responses of Australian marine animals to air ggnats. They found that migrating
humpback whales showed some degree of avoidan@Dtgeismic survey vessels
passing at distances around 4 km. They also fohat gods of humpback whales
containing cows showed an avoidance response $e thessels at distances as far as 7-
12 km. Authors established sighting rates of whaligéisin 3 km when air guns were not
being used, suggesting there is a localised avoeaof the operating vessels
(McCauley et al., 2000).

Blackwell et al. (2013) studied the effects of amg sounds on the calling rates of
migrating bowhead whaleB@laena mysticetysin the Alaskan Beaufort Sea. They
compared Call Localization Rates (CLRs) betweengites designatedear andfar, in
three different seismic activity periodsefore,during andafter. Researchers found that
at sites close to the airguns, at median receigedld between 116-129 dB reuPa
(10-450 Hz), whales’ calls rate diminished. On dtker hand, at distant places, at
median received levels between 99-108 dB (d°4, the vocalisation did not change.
The researchers argue that this change in the isattah rate could be due to a
cessation of callings when they are close to thguas in operation (Blackwell et al.,
2013). The call localization rates dropped from21€alls/h before the beginning of the
operation of the airguns, to 1.5 call/h during aftér airgun use.

Di lorio & Clark (2010) investigated changes in thecal behaviour of blue whales
(Balaenoptera musculysiuring a seismic survey using a ‘sparker’ in 8teLawrence
Estuary, Alaska. They found that the whales in@datheir calls in days when the
seismic survey was operating compared to days whkiegee was not operation.
According to the authors, these findings suggesttitie animals increased their calls in
order to make sure that their signal was succdgstiteived by other individuals (Di
lorio & Clark, 2010).
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2.3.4. SONAR (Sound Navigation And Ranging)

SONAR can be divided into low-frequency (<1 kHz)drfrequency (between 1 and 10
kHz), and high-frequency (>10 kHz) (National ResbaCouncil, 2003). There are
several types of sonar such as commercial, militamapping, research and
hydroacoustic sonars. Commercial sonar is usedlynfon detection, localization and
classification of different objects. This type afnar produce sounds at low source
levels, but the contribution of these sonars toemwdter noise can be quite large
because of the large number of vessels, both aivdind commercial, that are equipped
with those systems (Hildebrand, 2009). Mapping soa#e used to obtain information
about seafloor bathymetry. The sonar used forghrpose are mid-frequency (12 kHz)
for deep-water systems and high-frequency (70 tbKHz) for shallow water systems.
Hydroacoustic sonars are employed to detect orgemniis the water column, using mid-
and high frequencies between 20 and 1000 kHz (blikded, 2009).

Military sonars can produce source levels aboutdB0e 1uPa at 1 m, and they range
from low frequency (1000 Hz), mid-frequency (1-18zk to high frequency (10 kHz)
(Nowacek et al., 2007). There are two types: pasaind active sonars. Passive sonars
are used to listen and receive sounds. On the btrat, active sonar is used to detect
objects and use echoes of produced sounds, whigntniie noticed by marine
mammals (Nowacek et al., 2007). Miller et al. (20@@rformed experiments using
playbacks of low-frequency active sonar (LFA) innmpback whales Megaptera
novaeangliag Researchers recorded the sing of focal humphldcMdes after, during
and before exposure to LFA. They recorded at I¢ast complete songs before
transmitting ten 42-s LFA signals at 6 minutes nveés. They found that the singing
behaviour of male humpback whales was 29% longewthey are exposed to LFA.
According to researchers this change in the voebhbhbiour of male humpback whales
was temporal and a mean to compensate the inteckeref the LFA (Miller et al.,
2000).

In another experiment, Kuningas et al. (2013) penéd a study within a fjord basin in
northern Norway to assess the potential displacerérorca in relation to naval

activities and prey abundance. The researchers argg@dubmarine warfare ships that
operate in the 6—8 kHz band at source levels rgnigom 215 to 227 dBre 1 pPa at 1
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m, in addition to controlled sonar exposure expenta (CEESs) (Kuningas et al., 2013).
The researchers found that numbers of orcas dropeetl days of the exercises.
According to the authors, these results suggestthiganaval exercises triggered the
orcas to leave the area, although the main fadtectang the presence of orcas in the
flord area is the presence of their main prey. Haxe low abundance prey in
conjunction with sonar activity in the fjords coulfisplace the remaining orcas
(Kuningas et al., 2013).

2.3.5. Acoustic Deterrents Devices (ADDs) and Acoustic Hassment Devices
(AHDSs)

Acoustic Deterrents Devices (ADDs) opitigers and Acoustic Harassment Devices
(AHDs) are mechanisms that emit regular or randechisounds at different
frequencies, producing underwater sounds in ordeminimise predation of fishing
farms and to intent to reduce cetacean by-catoth@Rison et al., 1995). The objective
of the ADD is to alert the animals of the presen€dishing gear and, generally, is
deployed on moveable or transient gear such asetglland set nets. Those devices use
source levels between 130 and 150 dB dPd at 1 m. On the other hand, the AHDs
aim to cause pain in animals exposed to these eleviand produce source levels
between 185 and 195 dB rauPa at 1 m. Generally, they are deployed permanently
structures such as fish pens and dams. Both deyicggrs and AHDs, use frequencies
in the 5 to 160 kHz band, and generate pulsesitaftom 2 to 2,000 msec (Simmonds
et al., 2006; Nowacek et al., 2007). While it isetrthat ADDs and AHDs cause
disturbance in cetaceans producing exclusion odsafglardy et al., 2012), from a
conservation point of view, these devices can telgduce by-catch of certain species
(e.g. harbour porpoise), which may ultimately resuimore benefits for a species than
harm (Ministerio de Agricultura, Alimentacion y MedAmbiente, 2012).

Hardy et al. (2012) performed a study in Cornwalbé&t (UK) to evaluate the response
of harbour porpoise to pingers. They used four elesthat deployed nets with and
without pingers. The pingers used had frequencetwden 20-140 kHz (frequencies
within the range audible to porpoises), and a édomadf 0.4 seconds. Through passive
acoustic monitoring (C-PODs), researches compileel sounds produced by the

harbour porpoises. During the study, only one pisgwas captured in one of the nets
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without pingers. Researchers found that the rateadrded harbour porpoises’ clicks at
nets with pingers was between 35-51% of the rat®oatrol net. There was evidence
that the porpoises were excluded from the area fperiod longer than 7 hours, there
was no evidence of attenuation, and they consiu#rattenuation is not a big issue for

this population.

Carretta, Barlow and Enriquez (2008) assessed peffjeacy in beaked whales. Using
17 years of data, they found that at the beginwinthe monitoring 33 beaked whales
were captured in gill net in the California Curre(WSA). After six years of
implementation of pingers on nets, there have leeentanglements reported for this
group of cetaceans. However, 260 cetaceans belpngiother families were captured
accidentally in the same period. The authors argbatthis is possible due to beaked
whales are more sensitive at the types of freqesngsed by these pingers than other
species.
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Chapter three

Impacts of anthropogenic noise on

cetaceans: a systematic review




3.1.Introduction

In recent decades, the study of the impact of np&kition on marine mammals has
been one of the major areas of interest for rebesscdue to the large amount of
evidence showing that different sources of undeswabise can produce behavioural
and/or physiological effects on marine animals .(eRgndell and Gordon, 1999;
Scheifele et al., 2005; Gray & Van Waerebeek, 2(Rdlland et al., 2012; Cerchio et
al., 2014). These disturbance effects can be minegative or positive effects. They can
1) Mask sounds with biological importance for tleeaiver, 2) Cause hearing damage
through long exposures to a particular source a$enor during short exposures at
higher frequencies, and 3) Cause tissue damage,(@atal., 2004). Behavioural
responses to noise disturbances are highly variadti®een species and even between
populations, but in general, responses depend enctntext of the disturbance
(Southall et al., 2007). The impacts of those behaeal perturbations on a population
or on an individual will depend on how long theygst (Southall et al., 2007).

Behavioural effects of noise include avoidance e ensonified area (Goold, 1996;
Culik et al. 2001; Weir, 2008; Antunes et al. 2QXeHanges in the vocal behaviour such
as, modification in song parameters, shorter sangsement in whistles frequencies or
decrease in echolocation clicks, etc. (Van Parij€@&keron, 2001; Sousa-Lima et al.
2002; Buckstaff, 2004; Foote et al. 2004; Carlstr@@erggren & Tregenzab, 2009;
Castellote et al. 2014); temporal displacement {dtwn, 2002; Morton & Symonds,
2002, Breandt et al 2011; Tyack et al. 2011; Rakale2013); changes in activity
budgets (Arcangeli et al. 2008; Christiansen e2@1.0; Lundquist, Gemmell & Wirsig,
2010; Goldobogen et al. 2013); changes in abund@edjer et al. 2006; Scheidat et al.
2011); changes in group formation (Bedjer et al999 changes in respiratory
frequency (Hastie et al. 2003; Ritcher, Dawson &od8n, 2003; Kastelein et al. 2005,
2006); among others.

On the other hand, physiological effects includeonlt stress (Rolland et al. 2012);
tachycardia (Lyamin et al. 2011); temporary healiogs (temporary threshold shifts
TTS) (Mooney, Nachtigall & Vlachos, 2009; Schlumdtal. 2006; Finneran et al. 2007,
Finneran & Schlundt, 2013) and mechanical traumaars (Ketten, Lien & Todd,
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1993). In general, the severity of the consequentas animal exposed to a noise will
depend, as mentioned above, on the characterigtidbe noise and duration and
proximity of exposure (Southall et al. 2007; Bailetyal., 2010). Physiological effects
are more difficult to test in the field, and mogttle information about them comes

from experimental research (e.g. Kastelein eR8ll2; Finneran et al., 2010).

In the last 20 years, several reviews have beeflispeld addressing the impacts of
different aquatic/marine based human activities aataceans. One of the most
influential reviews was by Richardson et al. (1998)ere the authors exhaustively
reviewed all the information available to date twe tbehavioural and physiological
responses of marine mammals to anthropogenic ndise. authors highlighted the
importance of determining if these responses ageifsp to the noise perceived by the
animals, or more general, as marine mammals respongy often be attributed
multiple signals (e.g. visual clues). In addititine authors highlighted the importance
of long-term studies and the unique ability of thesta to assess impacts for particular
populations. The review by Richardson et al. (19@8)ains a foundation for current
research. Other relevant reviews are Gordon €R@03) which address the impact of
seismic surveys and Southall et al. (2007) whoenwggd this topic and suggested ‘safe’

exposure criteria for marine mammals.

Currently, ecologists are adopting tools from ottlisciplines to develop alternatives to
classic narrative reviews with the aim of more $fzarent and unbiased conclusions
using predetermined protocols (Littell, Corcoran Rillai, 2008). To this end,
systematic reviews have been recently proposed pasopriate tools in ecology,
evolution and conservation biology. A systematiciee is an objective method that
synthetizes and identifies the research that has dene on a certain topic, the gaps
and methods used, and the hypotheses and/or sgecies of studies. This type of
review follows a predetermined protocol that redubeas and increases transparency
and repeatability throughout all stages (Littelpr€ran & Pillai, 2008; Higgins &
Green, 2011; Lowry et al., 2012; Lortie, 2014). t8ysatic reviews are commonly used
in biomedical and social sciences, where definextoppls are established, but have
only recently gained support in ecological discips (Littell et al., 2008; Lowry et al.,

2010). In summary, the protocols used in systenratieews should clearly state the
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guestion addressed, how and where the document® wearched and the
exclusion/inclusion criteria used to select thalffidataset (Lowry et al., 2010).

The following chapter presents a systematic rewdéaurrent knowledge of the impacts
of noise pollution on cetaceans. To accomplish, tthe following questions were
proposed: what sources of information are thereiropacts of noise pollution in
cetaceans? What species have been studied? Wihver¢hese studies been conducted?
Which sources of noise are most commonly studied?atWare the responses of
cetaceans to these disturbances? What are the knawledge gaps for this topic?
Where future research efforts should be focused?

3.2. Methods

3.2.1. Literature search

A literature search was conducted using severaitrel@c databases and different
keywords. The electronic databases consulted weeb Wf Science, Discover and
Scopus, and additionally Google Scholar was indudgll these databases were
available through Massey University Library. Sirg@eogle Scholar does not allow the
use of Boolean words, and represents an importants of both published articles as
“grey literature” (e.g. theses and technical reporthe search was performed by
removing the connectors (i.e. AND) between keywpadgl covering the same years as
other databases. The documents (i.e. journal estidheses and technical reports)
selected during the search, should contain at teesof the selected words in either the

title, abstract or keywords.

The search was made using broad terms, such ase ROID pollution AND marine
mammal*. After this first collection of studiesgtlsearch was refined with synonyms of

these words, as follows:
- Impact* AND effect* AND “anthropogenic noise” ANDetacean.

- Impact* AND “sound pollution” OR “underwater n&5OR “underwater sound”
AND cetacean* AND whale* AND dolphin* AND porpoise*
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- Noise AND pollution AND whale*
- Noise AND pollution AND dolphin*
- Noise AND pollution AND porpoise*

All types of studies found (i.e. peer-review joumarticles, theses, conference abstracts
and technical reports) were included in the prelemy database. The initial search
included various keywords in other languages, lutresults were obtained and the
inclusion of these words was discarded. These eaiteria were selected with help of
the Science Librarian at Massey University. Allamts obtained from each database
were compared manually with the records from theotatabases in order to exclude

replicates.

3.2.2. Inclusion and exclusion criteria

During this phase, all the documents found wergestdd to an ‘Inclusion’ criteria

process, and only the documents that fulfilledftllewing requirements were kept:

* Subject studies: any cetacean species (i.e.balbales, dolphins and porpoise).

* Intervention used: human activity causing undéewnoises.

» Outcomes: changes in behavioural budgets, vaa@\bour or respiration patterns,
displacement, changes in swimming patterns, anysiplogical effect or no
response induced by different sources of anthrapog®ise.

» Comparator: the results obtained in the studlesulsl have a control or base-

information, in order to have a reference for cormgaresponses.

In addition, exclusion criteria were used to filtke studies:

* Reviews and conference abstracts about the tomece excluded to avoid
replication.

 Documents regarding Pinnipeds, inasmuch as, thgmeries have different
sensitivity to noise pollution in the air and im¢a

» Sirenids also were excluded because very fewietudere found addressing this
topic.
Documents where there was no evidence of significapacts from noise on a

particular species.

28



After this stage, bibliographies of peer-reviewedrpal articles between 2010 and 2015
were consulted in search of other studies that Ima&g gone unnoticed earlier.

3.2.3. Data collection and analysis

After the inclusion phase, the following informatiovas extracted and organised in a
spreadsheet (MS Excel Microsoft Corporation) toatzethe final data set: source of
study; study title; author; year of publication;stiact (if available); study area (as
detailed as possible e.g. GPS location); speciggylstudied; source of noise; type of
impact; response of the organism and type of rebddiable 3.1). A brief description of
the data collection approach can be found in Appedd..

Table 3.1.Information collected and categories chosen tsesiia the studies that formed the

basis for the systematic review.

Information collected Categories

Source of the study Peer-reviewed journal, thesis, technical
reports.

Study area Country, state, location, coordinafes (i

available) and Ocean.

Source of noise Aircraft, pingers, sonars, any type of vessel,
laboratory-based studies, industrial noise
(drilling, dredging and explosions), seismic
surveys and airguns, and background noise
(noise that are recognised as anthropogenic but

it cannot know with certainty to what source

they belong).
Type of impact Acoustical, behavioural and/or pbigical.
Response Changes in behavioural budgets, vocal

behaviour or respiration patterns,
displacement, any physiological effect or no
response.

Type of research Observational and/or experimental.
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Regarding data analysis, all papers found wereysedl in terms of research
methodology and content using descriptive statmiich as percentages and bar charts.
Percentages were calculated using a spreadsheete{dd&d Microsoft Corporation),
calculating the proportion of studies from the kotaeach category. In addition, bar
charts were used to assess the frequency of stoeliggear, publications per journal and

studies by species.

3.3. Results

3.3.1. Number of studies

Three hundred and seventy-nine peer review jourtfases, technical and reports were
found addressing the impacts of noise pollutioomiarine mammals. After this, titles
and abstracts were assessed and 30 unrelatedssivetie excluded. The remaining 349
studies were assessed completely (i.e. full texd veaiewed) and 198 were selected
after assessment of the inclusion criteria, sihey imet the criteria previously defined
for this review (Appendix 3.1). The documents foumere mainly: peer-review journal
(90%, n = 179) and to lesser extent technical tsp@®o, n = 14), theses (2%, n = 5)
and book chapters (0.5%, n = 1).

3.3.2. Dates of the studies

The documents included range from 1975 to 2014h \@itconsiderable increase in

studies after 1997. Only one study was found in51&7d between 1976 and 1981, no
studies related to the topic were found. After 1982rages of two studies were found
each year until 1999, with an exception in 1998 nvhi studies were published. Since
the year 2000, the number of studies found incce&®en 8 in that year, to 14 in 2006

and 20 in 2014. In 2005, only six studies were tband in 2010, the number of studies
found halved compared to the previous year (FiG.2g
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Figure 3.2. Number of studies published per year on marineigtt@s impacts on cetaceans

included in the systematic review. A total of 19®fications were found.

3.3.3. Peer-reviewed journals

The peer-reviewed papers on this topic were pubtisin 49 different journals
(Appendix 3.2). These journals have very broad esophe most important journals, in
terms of number of published studies, wétee Journal of the Acoustical Society of
America(JASA) (19%, n = 34) followed biarine Mammal Scienc€l4%, n = 25).
The journal Aquatic Mammalsontributes with 6% (n = 11) of the publications,
followed by Marine Ecology Progress Serig®%, n = 10),Endangered Species
Research(4%, n = 8)Biological Conservatiorf4%, n = 7), andarine Environmental
Research{3%, n = 7) (Figure 3.3). Another 42 journals cimited less than two studies

addressing the impacts of noise pollution on mamiaenmals per journal.
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Figure 3.3. The distribution of studies published in peer-eswd journals assessed in this
review. A total of 198 publications from 49 joursalere included.

3.3.4. Studied species and geographical area of easch

These studies involved 37 of the 90 species ofteatss recognised at this time. Thirty
of 76 species of dolphins and porpoises were siudwhile 7 out of 14 baleen whales
species were the focus of these studies (Figune BmMong toothed whales, bottlenose
dolphins were the species most commonly studiedo(2d = 43), followed by the

harbour porpoise (16%, n = 33). In addition, foe thaleen group, humpback whales
(10%, n = 21) were the most common studied speCiteer species of toothed whales
commonly studied were orca (n = 15), beluga (n Jahl sperm whale (n = 11) (Figure
3.4). Most of the studies involved one species amgg 19 studies (9%) assessed the

impacts of noise in two or more species.
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Figure 3.4.Number of studies assessing the impact of diftesenrces of noise on cetaceans;

7/14 and 31/76 species of baleen and toothed whalesbeen studied, respectively.

Studies of noise impacts have been conducted oo@étries. Almost half of the studies
were conducted in the United States of America (U36%; n = 59), and Canada
(16%; n = 32), followed by New Zealand (8%;= 16), and The Netherlands (7%=

15) (Figure 3.5). It should be noted that 14 stsidieere performed across territorial
waters of more than one country. In contrast, tone large geographic areas such as
Latin America, few studies were found, and of thesest were located in Brazil (5%,

= 10) and The Bahamas € 4), followed by Argentinan(= 3), Panaman(= 2),
Mexico, Costa Rica and Ecuador< 1 per country, respectively).

Similarly, only six studies have been publishedifrica, these were done in territorial
waters of Angolar{ = 2), Tanzanian( = 2), Gabonr{ = 1) and Liberiarf = 1). In
Europe studies were localised mainly in the Nortld &editerranean Sea (North
Atlantic Ocean), and the Arctic Ocean. The studredhe Netherlands came from
laboratory-based studies. Only six studies weradaoun the Indian Ocean (Figure 3.5).
These studies came from only two countries: Austraicluding the Heard Islands €

4) and Tanzanian(= 2). Finally, no studies were found in Southdesa.
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Figure 3.5.Map showing the location of the studies assegssekis review. Some coordinates

were extracted directly from the publication; oth&rere obtained thorough Google Maps by

typing the location given in the article.

3.3.5. Sources of noise

Of the 198 studies assessed in this review, 41% &4) were related to vessels, being
by far the source most widely studied. Vessel swidivere followed by studies

involving seismic studies and airguns, which repnéne third of the total. The next
most frequently researched noise impacts were datwyrbased experimental studies
(11%), sonar (10%), pingers (9%), and industridivéies (9%) and to a lesser extent,

oceanographic investigation (research, 3%), aix(@f6) and background noise (1%).
3.3.6. Responses of cetaceans to anthropogenic rois

The responses of cetaceans to different sourcemieé were highly variable within
species and sources of noise. The responses afeeeta were classified in several

broad categories (Table 3.2). Most of the specask esponses in multiple categories

and few showed no response.
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Table 3.2.Categories of response presented by cetacearibeddfinition of those categories.

Categories of response Definition

Avoidance Movement in contrary direction to the
source of noise.

Changes in behavioural budgets Variation in tinkecaked to certain
activities, e.g. Increasing time of diving,
decreasing in foraging.

Changes in vocal behaviour Variation in normal vocalisation, e.g.
cessation of them, longer calls, Lombard
effect, increase in calls amplitude.

Changes in respiration patterns Variation in regpéterns of respiration
such as, increase of breathing synchrony
or respiration rates, variability in
respiratory intervals.

Changes in swimming patterns Sudden variations on swimming. E.g.
increase in swimming speed, change in the

direction of travel.

Displacement Temporal or permanent abandonment of
an area
No response No apparent reaction in front of

anthropogenic sources of noise.

TTS Temporary deafness.

Others Responses that did not fit into the above
categories. E.g. Tachycardia, chronic
stress, startle response, etc.

3.3.6.1. Vessels
In this study was found that the impacts of vesssiscetaceans have been widely
studied around the world (84 studies on 25 specd® responses of cetaceans were

highly variable and dependent on the type of baatdivity to which the study

population was subjected (Table 3.3).
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Table 3.3.Studies addressing the responses of cetacearessels (n = 84); 41% of the total

number of studies reviewed.

Species Avoi-

dance

Harbour porpoise X%
Indo-Pacific

humpback

dolphin

Killer whales X4
Common dolphin X7
Bottlenose X54828
dolphin

Indo-Pacific

bottlenose

dolphin

Hector’s dolphin

Guiana dolphin X7®
Sperm whale

Dusky dolphin

Risso’s dolphin

Kogia spp. X%
Ziphiids X48
Blainville’s

beaked whale

Cuvier's beaked

whale

Stripe dolphin X3
Pantropical X3°
spotted dolphin

Spinner dolphin X3°
Beluga whale
Humpback whale X%3%4¢
Blue whale

Fin whale Xt
North Atlantic

right whales

Minke whale

Bowhead whale X3

Changes in:
Vocal Behaviour Respiration  Displace- No Swimming
behaviour budgets patterns ment response  patterns
X22,55 x56,6£ XSG
X2,27,4J X23,41,43,6 X42 X41,42,4\
x57
x3,9,28,31,35,z X12,17,31,34,8. x37,5£ XA,AE x8,8] X12,47,70,8
84,53,54,70,79,81
x16,19,3l
X61,72 X72
XSJ x52,70,73,74,7 x52,67 X73,71 x50
X25 x25,28,36,8 XZS XZG XBC
x24,6(
XGG
Xll
x7 X7
X7G X7G
x8,10,31 x59 XSQ
x33,65,7i x58 X64,7E
XZQ x29
xl& xl XS.IE
x13
XZO x& x21
X39 X4C X39,4(

Others

1
x15,17,3.

X14,72

x45,5£

XS

Castellote et al., 201ZFoote et al., 2004°Buckstaff, 2004;'Rako et al., 2013°Rolland et al., 2012°Scheifele et al., 2005;
"Aguilar-Soto et al., 2006'Anderwald et al., 2013May-Collado & Quifiones-Lebrén, 201¥Frbe & Farmer, 1998 Pirotta et
al., 2012;*Nowacek et al., 2004°2004;**Bedijer et al., 1999°2006;*Lemon et al., 2006-Arcangeli et al., 20082 Jahoda et al.,
2003;Christiansen et al., 20182013,2'2014;*Ng & Leung, 2003 usseau et al., 2008'Lundquist et al., 20127Ritcher et
al., 2003,22006; *™Holt et al., 2009%Luis et al., 2014*McKenna, 20113°Steckenreuter et al., 201¥Taubitz, 2007 Au &
Perryman, 1982%Corkeron, 1995Constantine et al., 2004°Guerra et al., 2014%Gordon et al., 1992%'Hastie et al., 2003;
%L esage et al., 199§ Richardson et al., 19851986;“‘Williams et al., 2002¢22009,*2011,*2012;*Weinrich & Corbelli, 2009;
“SWilliams & Ashe, 2007#7Janik & Thompson 19962Wiirsig et al., 1998%La Manna et al., 2013%zidoro & Le Pendu, 2012;
*Martins, 2010;°*Santos et al., 2013Miller et al., 2008;**Papale et al., 2015°van Parijs & Corkeron, 200f%Piwetz et al.,
2012;%Stockin et al., 2008&Baker & Hermas, 1989Blane & Jaakson, 199%Dans et al., 2008"Martinez, 2008%*Noren et
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al., 2009;%%Schaffar et al., 2013%Scheidat et al., 20043Stamation et al., 2016°Stensland & Berggren, 200%Tosi & Ferreira,
2009; ®®visser et al., 2011%°Polacheck & Thorpe, 1990°Mattson et al., 2005“Carrera et al., 2008?Nichols et al., 2001;
"Pereira et al., 2007¢Santos et al., 2006Valle & Melo, 2006;"*Neumann & Orams, 2006‘Courbis & Timmel, 2009**Morete

et al., 20077°Underhill, 20062°MagalhZes et al., 200¥Acevedo, 1991872 Lusseau, 2003*2005,%42006.

3.3.6.2. Seismic survey

Seismic surveys can be performed from two differpetspectives: research or
industrial activities. This type of noise source@mts for more than half of the total
species studied and one third of the studies fdandhis review, which highlights its
importance. Major responses included avoidanceplatisment, tachycardia, and
increase in the frequency of calls. ‘No respong®eared to be the most common
finding (Table 3.4).

Table 3.4.Studies addressing the responses of cetaceansnucsurveys (n = 29); 14% of
the total number of studies reviewed.

Changes in:
Species Avoidance  Vocal Behaviour Respiration Displacement No Swimming TTS Others

behaviour  budgets patterns response patterns

Harbour X X26 X16
porpoise

Striped X2

dolphin

Common X!

dolphin

Bottlenose X®

dolphin

Sperm whale X7 ¥10.11,202 x12
Atlantic N

spotted

dolphin

Pantropical X2 X2 X2
spotted

dolphin

Spinner X2

dolphin

Rough- X2

toothed

dolphin

Short-finned X8 X8

pilot whale

Long-finned X2
pilot whale
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BOWhead x3 xl3,1l x15,24,2!

whale

Beluga whale X2 X4
Humpback X° X% X X8 e
whale

Blue whale X8

Gl'ay Whale x7,l§ xlg x19,22 x21 xlg

Fin whale X8 X8

'Goold, 19962Gray & Van Waerebeek, 2013Blackwell et al., 2013‘_yamin et al., 20113Goold & Fish, 1998°Malme et al.,
1985,71988;%Di lorio & Clark, 2010;°McCauley et al., 2003"Miller et al., 2009 *Madsen et al., 2002%Finneran et al., 2002;
¥ jungblad et al., 1988“Robertson et al., 201%Koski et al., 2008*Lucke et al., 2009:"Weir, 2008a %; *Gailey et al., 2007;
®Rankin & Evans, 1998*Yazvenko et al., 2007&%; **Cerchio et al., 2014*Fraker et al., 1985®Stone & Tasker, 2006;
*Thompson et al., 2018%Pirotta et al., 2014*Castellote et af°Richardson et al., 1986.

3.3.6.3. Laboratory-based studies

Nonpulse sounds are mainly used in laboratory-basaties to assess levels at which
animals react when they are exposed to certairsppres. Most of the studies under this
category sought to assess temporary thresholdss SiTS), mainly in bottlenose
dolphins and harbour porpoise. Responses exhibimetude changes in diving

behaviour, masking, and startle responses amomgsothable 3.5).

Table 3.5.Studies addressing the responses of cetaceansai@tary-based studies (n = 22);

11% of the total number of studies reviewed.

Changes in:
Species Avoidance Vocal Behaviour  Respiration Displacement TTS Others
behaviour budgets patterns

Harbour porpoise X8 X8 X910
False killer whale X
Yangtze finless X
porpoise
Humpback whale X1k X2
Beluga whale X1
Bottlenose dolphin X? X 2 X16:17.2 X2 SO

14,15,16,17,

18,21

Frankel & Clark, 19987Finneran et al., 20052007, “2010; *Akamatsu et al., 1993Kastelein et al., 200842008b,%2012a,
2012b,°2012¢,*'2013; **Dunlop et al., 2013*Lucke et al., 2007*Nachtigall et al., 2003'°2004; **Schlundt et al., 2000;
"Ridgway et al., 19975Finneran & Schlundt 2016°Popov et al., 201#°2013;*Mooney et al., 2009Niu et al., 2012.
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3.3.6.4. Sonar

Cetaceans’ responses to sonar have been asses$éddifferent species. The most
common response across species was change in lwekbaliour (Table 3.6). Other

responses included avoidance, displacement, arithaabn in some cases (referred as
‘other’ on table 3.6).

Table 3.6.Studies addressing the responses of cetaceansdosqm = 21); 10% of the total

number of studies reviewed.

Changes in:
Species Avoidance  Vocal Behaviour Respiration Displacement No Swimming TTS Others
behaviour  budgets patterns response patterns
Harbour x# X% X% X%
porpoise
Killer whales X5€ X® X X8 X5¢
Common X X
dolphin
Bottlenose X X3 X1
dolphin
Sperm whale X® X® X x5
False killer xe
whale
Melon-headed x*e
whale
Blainville’s X xoH X4 X4
beaked whale
Cuvier's X X X
beaked whale
Baird’s X% X%
beaked whale
Pacific white- x* X
side Dolphin
Pilot whale xe
Long-finned X1E X5 X x5
pilot whale
Humpback x412L
whale
Blue whale X7 X1 X7 X2 X7
Fin whale X2

*Antunes et al, 2014Croll et al., 2001°Mooney et al., 2009Miller et al., 200072012,%2014;'Goldbogen et al., 2018Kuningas
et al., 2013’McCarthy et al., 2011 Melcon et al., 20122*Tyack et al., 20115Biassoni et al., 2000°Fristrup et al., 2003/Sivle
et al., 2012*Rendell & Gordon, 1999*Houser et al., 2013’Henderson et al., 201¥DeRuiter et al., 2013&h; *Stimpert et al.,
2014;*Kastelein et al., 2011
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3.3.6.5. Pingers

Nineteen studies assessed the reactions of cetateaimgers. Since the main purpose
of these devices is deterring odontocetes fromrigshets, it was expected that the most
common responses would be displacement or avoidance the ensonified areas.

Nonetheless, other responses were also identifiexh s changes in behaviour,

cessation of vocalisation, increase of respirataia, among others (Table 3.7).

Table 3.7.Studies addressing the responses of cetaceansgerpi(n = 19); 9% of the total

number of studies reviewed.

Changes in:
Species Avoidance Vocal Behaviour Respiration Displacement No Swimming Others
behaviour  budgets patterns response  patterns
Harbour pOrpOiSe x8,8,9,17,1 Xll X7,10,11 X7,8,£ x2,3,10,1‘ xlO Xll,lt
Killer whale X!
Striped dolphin X°
Hector's dolphin X4 X4
Bottlenose x5 X1 X1 X8
dolphin
Sperm whale XM
Guiana dolphin X
Franciscana X1
dolphin

Morton & Symonds, 20022Johnston, 2002:Olesiuk et al., 2002*Stone et al., 2000°Cox et al., 2004°Culik et al., 2001;
"Kastelein et al., 20062001,°2006,%%2014; ™ Watkins & Schevill, 1975%Teilmann et al, 2006-Leeney et al., 200#Carlstrém
et al., 2009**Monteiro-Neto et al., 2004%Bordino et al., 2002,’Koschinski & Culik, 1997*Diaz Lopez & Marifio, 2011°Laake
et al., 1998.

3.3.6.6. Construction and industrial activities (dilling, dredging, wind farms and

explosions) and oceanic research

Eighteen studies examined the responses of cetadeamdustrial activities. Seven
species were assessed and the most common respaarsgsd from temporal
displacement and avoidance to increasing echottcatessation of feeding and an
increase in respiration (Table 3.8). It is worthtimg that some species showed no
detectable response to these sources of noiséhelothier hand, unlike other sources of
noise, oceanographic research focuses on the ingbabis source of noise in larger
areas rather than for a particular location or E®ecNine species were identified

reacting to these projects and the main respomsesuanmarised in table 3.7. The most
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common response among the species was displacehentategory ‘others’ included
variable responses such as very close or veryrtan fthe source, or very small

responses to received levels (RL).

Table 3.8.Studies addressing the responses of cetaceanadtrwation and industrial activities
(n = 18) and oceanic research (n = 6); 9% and 3% eftotal number of studies reviewed,

respectively.

Changes in:
Species Avoidance Vocal Behaviour  Respiration Displacement No Others

behaviour budgets patterns response

Responsesto

industrial activities

Harbour porpoise X4€ X2 X2E X3 XL

Bowhead whale X1 X X3 X3

Gray whale X

Humpback whale XY X0
Beluga whale X2 X

Bottlenose dolphin X2 X

Sperm whale X1

Responsesto

oceanic research

Harbour porpoise X? X?

Humpback whale X2 X2 X% X202
Blue whale X X
Beaked whales X

Southern bottlenose X

whale

Minke whale X

Sperm whale X1

Hourglass dolphin X1

Pilot whale X

Brandt et al., 2011 Koschinski et al., 2003Kastelein et al., 2013Dahne et al., 2013Carstensen et al., 200&undermeyer et
al., 2012;Scheidat et al.,201#Teilmann & Carstensen, 201 ougaard et al., 2008’Todd et al., 1996"Madsen & Mohl, 2000;
“Finneran et al., 2008°Richardson et al., 1985'1990;**Thomas et al., 199¢%Pirotta et al., 2013/Malme et al., 1985°1988;
Bowleset al., 1994%%Frankel & Clark, 2000%2002;*Kastelein et al., 2005*Mobley Jr., 2005*Risch et al., 2012.

3.3.6.7. Aircraft and background noise

Aircrafts and background noise impacts comprisesl smallest number of studies
assessed in this review (Figure 3.9). Responsesre¢caft were studied in just four
species, all in the Family Ziphiidae. In additiomly two types of aircrafts were

assessed: airplanes and helicopters. Both typedrafft elicited different responses
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from the animals. The most common response of tlspseies comprised signs of
disturbance at different altitudes of the aircraftsh as increases in diving behaviour
and dramatic changes in other important behaviaiedés such as milling and resting.
Other responses included longer surface timesndgtef the first click and short
surfacing times, immediate dives or turns, changesbehaviour state, vigorous
swimming, and breaching (Table 3.9). In comparisoesponses to increasing
background noise were assessed in two speciesegrbahales and one toothed whale.
The responses included increased call amplitudenflawd effect) and lower rates of
calling (Table 3.9).

Table 3.9.Studies addressing the responses of cetaceanectaftsi (n = 4) and background

noise (n = 3); 3% of the total number of studiesawed.

Changes in:
Species Behavioural Vocal behaviour Swimming patterns Other
budget
Responsesto aircraft
Bowhead whale X X2
Beluga whale X? X?
Sperm whale X3 X3
Kogia spp. x4 x4
Ziphiids x4 x4
Responses to background noise
Killer whale X®
North Atlantic Right whale x87
South Atlantic Right whale X’

Richardson et al., 1985Patenaude et al., 200%Richter et al., 2006'Wiirsig et al., 1998Holt et al., 2011°Parks et al., 2007,
7.
2011.

3.3.7. Studies in New Zealand

For New Zealand in particular, 15 studies were tbaddressing the impacts of noise
pollution on cetaceans. These studies were dosevien different locations around the
country: Akaroa Harbourn(= 3), Doubtful Soundn = 3), Hauraki Gulf § = 1),
Kaikoura 1 = 4), Macon State Park & 1), Mercury Bay1f = 1), Milford Sound 1§ =

1) and Porpoise BaynE 1) (Figure 3.6). These studies were focusedwndpecies of

toothed whales: bottlenose dolphm= 5), Hector’s dolphinr{=4), sperm whalen(=
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3), common dolphinn(= 2) and dusky dolphinn(=1) (summary in Table 3.10). One
study documented the reactions of Hector's dolghirpingers and found responses
such as avoidance and change in behavioural budgetsher study assessed the
impacts of both vessels and aircraft on sperm vehael found changes in behavioural

budgets and in vocal behaviour.

Figure 3.6. Map showing the location of the studies done invNE=aland. Some coordinates
were extracted directly from the publication; otharere obtained thorough Google Maps by

typing the location given in the article.

Table 3.10.Cetacean species studied and the responses fouaddels in New Zealand.

Changes in:
Species Avoidance Vocal Behaviour Respiration No Swimming  Others
behaviour budgets patterns response patterns

Common dolphin X1 X2

Sperm whale X7t X7 X8

Dusky dolphin X®

Hector’s dolphin x1e X Xt
Bottlenose dolphin X322 XZAU X° X4 X1

‘Bedjer et al., 1999 usseau, 20032005, “2006;°Lundquist et al.®2012; "Ritcher et al., 20032006; °Constantine et al., 2004;
“Guerra et al., 2014{Gordon et al., 19927Stockin et al., 2008&Martinez, 2008 “Nichols et al., 2001}°Neumann & Orams.
2006.
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3.4. Discussion

3.4.1 What was found in the literature?

The concern about the impacts of noise pollutioncetaceans, and the creation of
legislation and agreements to protect these spdwissresulted in the categorisation of
anthropogenic noise as a pollutant. This designaifaoise as a pollutant and potential
environmental issue has generated an increasingoewmf studies and literature
concerning this topic. However, this growing bodyiterature has covered the range of
noise sources, species affected and locationslispsoportionate way. In this review, |
present a systematic overview of current infornmatebout the impacts of noise
pollution on cetaceans. | describe and categoris was been done in this field to date
and | answer seven basic questidi)sWhat sources of information are there regarding
impacts of noise pollution in cetaceans? 2) Ofcallaceans, which species have been
studied? 3) Where have these studies been con@ué}eifhat are the sources of noise
most commonly studied? 5) What are the major resg®rof cetaceans to these
disturbances? 6) What are the remaining gaps irrenirknowledge of this topic? 7)

Where can/should future research efforts be foctised

What sources of information are there regarding actg of noise pollution in
cetaceansit is clear from the results obtained that the nmmsources of information
were publications from peer-reviewed journals. Téiairce of information provided
90% of the studies assessed, followed by techrepairts and theses. This makes sense,
considering that publications are widely accessiliecontrast to theses and technical
reports that have limited circulation. This suggekat potentially important sources of
information (theses and reports) have been underastd. The oldest study dated from
1975, and only few sporadic studies occurred inyters immediately following. It was

not until 1998 that the number of studies on tbEd began radically to increase.

This likely occurred because in the 1990’s acoyspitution was recognised as a major
source of threat to marine organisms by both rebeas and policy makers. At this
time, the topic began to be studied in more depith he quantity of publications
subsequently rose. It was also around this timetkigatechnology needed to record and
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analyse acoustic environments (in particular hydooes, computer and digital
technology, and advanced spectral analysis sofjwaeome affordable and widely
available (Gerhardt, 1998). At the same time, irtgourreviews were published about
this topic that highlighted the significance ofgshssue (e.g. Richardson et al. (1995).
One of the most influential reviews was by Richardst al. (1995), where the authors
made the most complete compilation about the tapibat time. This publication is still

used as point of reference for current work.

Which species have been studie&Pere have these studies been conductEu®
results also show thaiot all geographic areas and species have beerdtu@nly 37

of 90 species of cetaceans have been studied argktigraphical range of these studies
is biased towards North America. Bottlenose dolpaimd harbour porpoise are the
species most highly studied, accounting for 35%lbéassessed studies on responses to
noise. One contributing reason is that both speei®s more commonly used in
experimental studies compared to other species. neéxt most commonly studied
marine mammal is the humpback whale; the most etutialeen whale around the
globe. Like the bottlenose dolphin, the humpbaclaletas a very wide distribution
that makes them relatively easy to study.

It was also found thathe great majority of all studies are focused ia tforthern
hemisphere and are concentrated in two major aM@ash America (USA, including
Hawai'i and Canada) and around the North and Medibean Seas. The largest
contribution of studies in the southern hemisphewenes from Australia and New
Zealand. Strikingly, it was found major underrepraation from areas such as Central
and South America (particularly the Pacific coaat)d Africa and Southeast Asia. One
explanation these biases in some areas could bedhatries in these regions, where
this topic has been highly studied, have consemgtians and legislation that seek to
protect marine mammals, among others things, fromenpollution, and these plans

have been implemented from the 1980s.

What are the sources of noise most commonly stddredhe same way that some
regions are underrepresented, it was found thdtestlof the sources of anthropogenic
noise were also unequal. The category ‘vessels’ waiasost three times more

represented than the second most frequent cate'gergmic’. The unequal spread of

45



studies reflects to some degree the perceived m@keFor example, vessels are the
major contributors of background noise in the seahardson et al., 1995). More
recently, ‘seismic’ noise due to global and largals mineral exploration is increasing
considerable, for example, in the USA this indudtad an annual growth of 5.3%
during 2009 and 20%4and the number of studies reflects this risk. bimtory-based’
studies are more difficult to compare with envir@ntal studies as responses to these
sounds are generally conducted as lab-based exg@dahtests to determine detection

levels and distance at which certain sounds cait aelresponse.

These types of experiments are useful to deterthirgsholds of minimum response to
a stimulus, and to lay the foundation of minimunanstards for SPL (or other
measurements) required as ‘safety zones’ for catecen mitigation plans. One
limitation of these studies is that they have beamducted on only the few species (e.g.
bottlenose dolphin, harbour porpoise and Belugdeylithat are easily kept in captivity.
Generalising to other cetaceans should thereforeddoee with caution and with
recognition of this limitation. Sonar was almost feequently studied as laboratory-
based. The importance of sonar as a source of watiEr noise pollution was
recognised when several mass stranding begandsdoeiated with neighbouring naval
training and use of sonar. Today, some legislalias been implementing to control
these activities (e.g. Agreement on the ConsematioSmall Cetaceans in the Baltic,
North East Atlantic, Irish and North Seas, ASCOBAMS

‘Pingers’ can be considerate a special case ofrurader noise pollution contributor;
the objective of pingers is to repel Odontoceted Rimnipeds to avoid conflicts with
fishing gear and reduce cetacean mortality relatedy-catch. Pinger devices use
mainly mid- and high-frequency sound, and are widsled in fisheries to reduce small
dolphins by-catches, thus the studies assessedQmuntocetes (the group capable of
detecting and using these frequencies) (Stone,l.e2@00; Cox, Read, Solow &
Tregenza, 2001; Marine Mammal Comission, 200Axds$ found that the categories of
noise pollutants least studied included ‘industrig@dctivities related to drilling,
dredging, construction and the operation of wintnfaand explosives), and ‘research’,

‘aircraft’ and ‘background noise’. Regarding todurstrial’ noise, this may be because

® http://www.ibisworld.com/industry/default.aspx?idd1406
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seismic operations, also related to these activitias grabbed more attention due to its
well know consequences for the marine fauna thanother activities (e.g. drilling,
dredging, etc.). Finally, in the case of oceangeegch, on the scale analysed in this
review and ‘aircraft’ are unusual activities, ahé small number of ‘background noise’
may be because most of these type of studies akéyihto account shipping, excluding

combination of different sources of noise.

What are the major responses of cetaceans to tisserbances?The responses of
cetaceans to different sources of noise are higahable and depend on the type of
sound, the time of exposure, sound pressure laxdljn some cases the condition, age,
state or behavioural state of the animal exposedtffall et al., 2007; Bailey et al.,
2010). It was found that these responses varied findetectable to changes in vocal
behaviour, behavioural budgets, avoidance and atisptent. Changes in behaviour
have the potential to generate detrimental consempseat individual and/or population
levels (Constantine, Brunton & Todd, 2004; Nowaé&ekyack, 2008; Laiolo, 2010). In
this review, it was also found that vessels collikcitéhighly variable responses in the
studied species. For example, in bottlenose dodphati categories of responses to
vessels selected (including no response) have begorted, from avoidance and
displacement, to changes in behavioural budgetsalyewimming and respiration
patterns. In contrast, for species such as Inddipdmottlenose dolphin or harbour
porpoise, only changes in behavioural budgets aotlance, respectively, have been
found (See table 3.3). This also highlights thepdigy in which species have been
studied.

For baleen whales, studies have reported changdselavioural, swimming and
respiration patterns and avoidance in the most comiyrstudy species, the humpback
whale. The next most frequently studied baleen aghate the fin and bowhead whales,
both of which have been found to show changes imawieur, displacement and
avoidance. Fin and bowhead whales were also foanekhibit very different vessel
responses, changes in swimming patterns and nonssprespectively. Responses to
vessels need to be examined with caution as thedsmwduced by the vessel is not the
only form of environmental disturbance it creatbg mere physical presence of vessels

may already be a disturbing factor (Pirotta et2015).
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Marine seismic surveys are an important source rafeowater noise due to these
activities, generally, covering extensive areas ¢meg periods of time (Gordon et al.,
2003). It was found that seismic surveys elicitedvide variety of responses in
cetaceans, although most of them are under thgargténo response’. In this category,
some biases can be identified, e.g. studies of \iants have been assessed only for
harbour porpoise. Most strikingly, there have baenstudies of responses to seismic
surveys in the South Pacific Ocean. ‘Laboratoryelddasre done on captive animals to
determine thresholds at which an animal can exfAibB. Because of this, the results
are able to detect very precise responses. As ommatiabove, these studies are limited
to few easily held species of Odontocetes, butgtudies, have attempted to test these
types of sounds with humpback whales in their rztenvironment (Frankel & Clark,
1998; Dunlop et al., 2013). Frankel & Clark (198&)nd subtle responses of humpback
whales to M-sequence playbacks only detected ttally, while Dunlop et al. (2013)
found that the response twnes was consistent, showing an aversion to the stisaulu

Sonar has been linked to strandings and mass Iitypadatetacean worldwide (Dolman,
Weir & Jasny, 2009). In this review was found tloaly on 16 species have been
assessed the potential effects of this source isendlthough, most of them exhibited
some sort of change in their vocal behaviour, #sponses are variable. In the case of
beaked whales, there is a huge gap of knowledge eWen has been recognised the
sensitivity of these animals to this particularsgiOn the other hand, although pingers
have been used in Odontocetes with conservatiopopas, has been suggested that
they can have adverse effects such as repel thmm ifmportant areas (e.g. breeding,
feeding areas) (Leeney et al., 2007). Pingers bhaea tested only in Odoncetes, thus

they are the most affected by the frequencies bgelese devices.

Regarding the impacts of industrial activities, fepecies have been evaluated, showing
diverse responses. The quantity of studies ontffie of source of noise could be
considered low, if taken into account the rapidwgioof renewable energy projects,
such as wind farms, and projects involving the cedor fossil fuels. Finally, the last
three categories involved few studies. Studiesesding oceanic research are the only
ones that are focused in big areas not in particgpi@cies, with an exception of an
experimental study found. This approach, studyimg whole community, let collect

more information from a bigger number of speciessiof them difficult to study due
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to their habits. Nevertheless, nowadays the typecefanic research grouped in this

category is not been applied.

3.4.2. What happen in New Zealand?

Most of the studies found for New Zealand assegbedimpacts of vessels on
Odontocetes. This tendency makes sense given {hatiamce of eco-tourism activites,
a major source of income for the country. Howewers particularly interesting that
there is an absence of studies of other sourceeisé such as seismic surveys. Projects
related to seismic activities are now widely apgeacross New Zealand's territorial
waters, but no study was found. While it is truatthll the seismic activities should
have a mitigation plan, these mitigation plans maybe accomplishing their aim due
to insufficient knowledge of impacts and cetacessponses (across the wide range of
species found in New Zealand marine ecosystemshpriyl New Zealand needs more
studies addressing the impact of noise polluticomfrsources other than vessels,
particularly from seismic and industrial activitieBhese studies should include baleen
whales, particularly as distributions of many ergkxed populations of these animals
overlap with planned and ongoing seismic activi{ese Chapter 5).

3.4.3. Review limitations

This assessment of literature was based on a systeraview, a technique long used in
the medical sciences and now increasing being egphpdi address ecological questions.
The infancy of this tool in the field of ecology ares that there are few standard criteria
and several suggested approaches (e.g. Stewdi Coles, 2005; Reid, Lamarque
& Lortie, 2010; Lowry et al.,, 2012; Carmel et a2013). Besides the problem of
standardisation of a methodology, another issuéiglight is the omission and
inaccessibility of documents during the search phhawry et al. (2012) point out that
databases are idiosyncratic and some documengoarg to be missed for no apparent
reason, even if the keywords used for searchesnaen omitted document. Some
documents cannot be included due to the difficdtyaccess such as theses and
technical reports. The vast majority of these doents are not for public access, and in
some cases is the property of companies (e.g. itmtmeports). A final limiting factor

for this review was that access to documents ierddmguages was not possible. This
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could be due either to an absence of informatiasutithe topic or that the searched
database does not have the right to include doctsmietanguages other than English.
Alternative search engines (e.g. screen refereotéscuments) could help to reduce

these potential biases.

3.5. Conclusions

What are the remaining gaps in current knowledgéhisf topic?In this review, | found
knowledge gaps of the impacts of noise pollutiogentain regions of the word such as
Latin America, Africa and Southeast Asia, as wsltegions in the Arctic and Southern
Ocean. | also found that most effort has been fedusn the impact of vessels,
potentially neglecting other important and globalhgreasing contributors to marine
noise such as industrial activities. Furthermohe studies have been uneven done
regarding species, for example, bottlenose dolpamescommonly studied while there
are other species, under some similar pressurkinta@ssessment. In New Zealand,
there are a completely lack of knowledge aboutripgacts of different source of noise
on cetaceans except for vessels. Other sourcesnoem include seismic surveys and

industrial activities, those activities are higplpmoted within the country.

Where can/should future research efforts be focaigertordingly to what | found in
this review, research is needed in oceanic spelssgsdue methodological constrains,
are difficult to study. Regarding sources of noiggjustrial activities have been
underestimated and it is notorious that these iiesvare growing fast around the
world. In New Zealand, effort should be put on istlial activities due it is a global
trend, but focussing more in coastal species sscHextor’'s, Maui's and bottlenose
dolphin, for example. Even, more studies aboutitmgact of vessel on other species
such as southern right whale are necessary. Ootliee hand, although there is a Code
of practice to mitigate impacts of seismic actestion marine mammals, nobody has
studied the real impacts of these activities osdlaimals.

Finally, regarding to systematic reviews, these areuseful tool to synthesise

information and they have some advantages oveititiaal reviews, such as results can
be better analysed, evaluated and biases are \gmeatliced. This systemic review
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embraces a broad scope in a topic that has higlsecasmtion relevance. To my
knowledge, this is the first attempt to do a systeenreview about the impact of noise
pollution in marine mammals and | believe it caovide a useful starting point for

future reviews and research in this topic.

51



Chapter Four

Distribution of cetaceans




4.1. Introduction

Pompa et al. (2011), propose New Zealand as otfeeafine key conservation sites for
marine mammals, along with the coasts of Baja Gailif, North-eastern America,
Peru, Argentina, North-western Africa, South Afridapan and Australia (Figure 4.1),
due to its high marine mammals richness (Pompd.e2@11). Currently, there are
around 47 species of cetaceans reported for NevaZegahat include resident, migrant
and vagrant species (Baker et al., 2010). This telneggiming compiles the available
information about the general distribution of cetmts around the world and, in
particular, in New Zealand. The data were obtairean different sources of

information such as the IUCN webpage, peer-revimwrjal articles and grey literature.
The sigthings maps of cetaceans’ distribution invNg&ealand were done with data
obtained from the Department of Conservation (DOC).

SewNoarew -

CLLLLLLL LD RL LR P

CERLLRBBBUBRRURBIFIISFEIN

Figure 4.1 Patterns of geographic distribution and sped&mess of marine mammals. The
number of species in each cell is shown in therolwn the left. Red circle showing the
location of New Zealand. Modified from Pompa et(2D11).
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4.2. Distribution of cetaceans in New Zealand

4.2.1. Baleen Whales

4.2.1.1. Family Balaenidae

4.2.1.1.1. Southern right whaleEubalaena australis (Desmoulins, 1822))
IUCN Status: Least Concern (2013)
New Zealand StatusNationally Endangered (Baker et al., 2010)

Southern right whales have a circumpolar distridouin the Southern Ocean, in waters
of Argentina, Brazil, South Africa, east Africa, stalia, New Zealand and Chile.
(Kenney, 2009; Reilly et al., 2013a) (Appendix 4vigp 1). Southern right whales used
to be common throughout New Zealand waters, but tdughaling activities, the
population dropped dramatically at the beginningtlod 20th Century (Lusseau &
Slooten, 2002). Patenaude (2003) compiled the tergisof southern right whales
around mainland in New Zealand. According to tleisart, the species has been sighted
along the east coast of the North Island, and #ise @and south coast of the South Island,

generally within 200 m of shore (Patenaude, 2003).

In the North Island, southern right whales havenbsighted in the Bay of Islands
(Patenaude, 2003; Gaborit-Haverkort, 2012) andEdst Coast/Hawke’s Bay and Bay
of Plenty Conservancy, which seems to be an impbaweas for cow/calf pairs, as well
as the coastline between Napier and Mt Manganue(Rade, 2003). Regarding the
South Island, the majority of observations were enad Stewart Island and Otago,
which has shown to be preferential habitat for¢hebales (Patenaude, 2003).

In addition, this species has been recorded at Pegdasus, Banks Peninsula,
Marlborough Sounds and Wellington (Patenaude, 20DG@jing winter, southern right
whales can be found primarily along the northeasist (Port Ross) of the Auckland
Islands (Patenaude, Baker and Gales, 1998), Cahiplagid/Motu Ihupuku (Baker et
al., 2010; Berkenbusch, Abraham & Torres, 2013)fdvti Sound (Lusseau & Slooten,
2002), Chatham Rise, Fiordland, Te Waewae Bay aetliMyton Harbours and Kapiti
Coast (Torres, Halliday, & Sturman, 2013). In aiddif it seems to be that whales are
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recolonising former calving sites of which had beksplaced during former whaling

activities, such as Auckland Islands (Rayment, Bsom, Dawson, Slooten and
Webster, 2012); therefore, there have been anaseref southern right whales around
mainland in New Zealand (Berkenbusch et al., 20b8tes et al., 2013) (Figure 4.2).

Figure 4.2. Sightings of southern right whaleBubalaena australisin New Zealand’'s

Exclusive Economic Zone (EEZ). Source: Departméi@anservation.

4.2.1.2. Family Balaenopteridae

4.2.1.2.1. Common minke whaleBalaenoptera acutorostrata Lacépede, 1804)
IUCN Status: Least Concern (2008)
New Zealand Status:Not threatened (Baker et al., 2010)

Common minke whalbas a cosmopolitan distribution, and it can be dbimnalmost all
oceans, mainly in the North Atlantic and North Hagcias well as in the southern
hemisphere, although its migratory patterns arelpdmown (Reilly et al., 2008a). In
the North Atlantic, common minke whales, during suen, can be found around
Ungava Bay and Baffin Bay (Canada), Denmark Stiirway and the Barents Sea;
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ranging south to New Jersey (USA), Portugal and Mesliterranean Sea. During
winter, they can be sighted from the Gulf of MexiGreater Antilles and Dominica to
the Strait of Gibraltar (Rice, 1998; Reilly et &Q08a). On the other hand, in the North
Pacific, during the summer, this species is preaethie Chukchi Sea south to the East
China Sea; otherwise, the winter range is poorlgvkm (Rice, 1998). In the southern
hemisphere, records of this species are not relighle to its sympatry with the
Antarctic minke whaleRalaenoptera bonaeren3ifReilly et al., 2008a) (Appendix 4.1;
map 1).

Within the specieBalaenoptera acutorostrathacépede, 1804, three sub-species have
been recognised. a. acutorostratd.acépede, 1804 (North Atlantic minke whalB),

a. scammonbDemeéré, 1986 (North Pacific minke whale) d@da. un-named subsp.
(Dwarf minke whale) (Committee on Taxonomy, 201#@he latest subspecies has a
circumpolar distribution and is found mainly offetfSouth Atlantic coast of South
America, off South Africa, Australia, New ZealanddaNew Caledonia (Rice, 1998;
Reilly et al., 2008a).

In New Zealand waters, minke whales have been tegpdrom the North Island in the
Bay of Plenty (Stockin & Orams, 2009). In the Soigltand, the species have been
reported from strandings at Golden Bay (Brabyn,1)%hd a sightings off Ferguson
Island, Doubtful Sound in 1997, which was the fiofficial record of this species in
Fiordland (Lusseau & Slooten, 2002). In the litaratthere are references of sightings
of minke whales, but due to its taxonomic uncetiaiit is not clear which species,
either Antarctic Balaenoptera bonaeren$ior Dwarf minke whale, was sighted.
Gaborit-Haverkort (2012) reported sightingsBaflaenoptera acutorostrata/bonaerensis
in the Bay of Plenty (Gaborit-Haverkort, 2012). @thsightings of minke whales
include Mercury Bay area, in the east coast ob@andel Peninsula (Neumann, 2001)
and the Great Barrier Island (Gaskin, 1968a) (FeguB).
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4.2.1.2.2. Bryde’s whal¢Balaenoptera edeni Anderson, 1879)
IUCN Status: Data Deficient (2008)
New Zealand StatusNationally Critical (Baker et al., 2010)

As the taxonomy of the species is uncertain, ts&ridution of this species around the
globe is not clearly known and different forms hdeen recognised based on their
body length (Kato & Perrin, 2009). The large-tygeBoyde’s whales are distributed in
all tropical and temperate waters in the Pacifitlatic and Indian Ocean between
40°N and 40°S (Kato & Perrin, 2009). This formthe Pacific, has been reported in the
Gulf of California, off the coasts of Peru, EcugdGhile and the north Island of New
Zealand. In the Atlantic Ocean, this form has begported in southern Africa in
summer but migrates towards western Africa in wirfRest, 2001). In addition, they
seems to be all year-around in Brazilian coastsb{dge Secchi, Siciliano, & Simbes-
Lopes, 1997) and in the Gulf of Mexico (Mullin & Fiang, 2004) (Appendix 4.1; map
2).

In New Zealand waters, Bryde’s whales seems to dalynconcentrated in the Hauraki
Gulf where the species is present all year-arounablitacan be found mainly around the
middle portion of the inner Gulf (O'Callaghan & Bak2002; Baker & Madon, 2007,
Wiseman, Parsons, Stockin & Baker, 2011). In addjtthere are reports of the species
in Central Bay of Plenty (Gaborit-Haverkort, 201R®)Jercury Bay area (Neumann,
2001), Great Batrrier Island, where it is the mashmon baleen in the area (McDonald,
2006) and Bay of Islands (Stockin & Orams, 2009y\Fe 4.3).

4.2.1.2.3. Blue whaleRalaenoptera musculusL.)
IUCN Status: Endangered (2008)

The blue whale is a cosmopolitan species foundinmost all the oceans around the
world (Sears & Perrin, 2009). This species has feaognised subspeciBslaenoptera
musculusmusculuspresent in the northern hemispheBe; m. intermediafound in
antarctic watersB. m. indicafound in the northern Indian Ocea; m. brevicauda
present in the subantarctic area of the southatiainOcean and south western Pacific
Ocean; and finally, an un-named subspecies fromeCf{gears & Perrin, 2009;

Committee on Taxonomy, 2014) (Appendix 4.1; mapl2)New Zealand waters, two
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sub-species have been reporimlaenoptera musculus brevicaudad Balaenoptera
musculus intermedi@Baker et al., 2010) (Figure 4.3).

Pygmy blue whales stranding have been reportetianHauraki Gulf and Henderson
Bay, although the last one record is not accur@ench et al., 2007). Records
compiled by the Department of Conservation repdranslings of this particular
subspecies at Rabbit Island, Tasman region; Wabeach, south of Waitotara,
Taranaki; Wakawau Stream, south of Port Waikato ldimdatangi Beach, Manawatu
(Department of Conservation unpub. data). Othepntepof Balaenoptera musculus
(regardless of the subspecies), includes: Bayaitl?l(Gaborit-Haverkort, 2012), Great
Barrier Island (McDonald, 2006), coastal waters @feymouth on the west coast and
southeast of Stewart Island, off Oamaru and Kaikaur the east coast (Sears & Perrin,
2009), Chatham Rise (Torres et al., 2013) and dargarctic region (Sears & Perrin,
2009). Apparently, this species has a wide rangdigifibution in New Zealand with
two areas of apparent concentration in coastalraatethe North Island (Torres, 2013;
Miller et al., 2013).

4.2.1.2.4. Humpback whaleNl egaptera novaeangliae (Borowski, 1781))
IUCN Status: Least Concern (2008)
New Zealand StatusMigrant (Baker et al., 2010)

Humpback whale is a cosmopolitan species and itbeamound in all oceans of the
world (Clapham, 2009). Humpback whale is a migratepecies moving between
feeding (at mid- or high-latitude waters) and bregdyrounds (in the tropics) (Dawbin,
1966). In the North Atlantic, humpback whales apenfd from the Gulf of Maine

(USA) to Ireland, and up to the pack ice in thetmothe northern extent of the
humpback's range includes the Barents Sea, GrekSlaa and Davis Strait (Reilly et
al., 2008e). Humpback whales’ feeding grounds Hasen identified in the Gulf of

Maine, Gulf of St. Lawrence, Newfoundland, Labrad@reenland, Iceland, and
Norway (Clapham, 2009). In the North Pacific, dgrithe summer these whales are
found from southern California, to the Gulf of Akas Bering Sea and southern
Chukchi Sea, the Aleutian chain and Kamchatka, IKuislands, Okhotsk Sea and
north-eastern Japan. In the southern hemisphemeplback whales are found south to

the ice edge. On the other hand, during the witiese whales are found in near shore
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breeding areas in the Atlantic, Indian and Pactimeans (Reilly et al., 2008e)

(Appendix 4.1; map 3).

In New Zealand, humpback whales are commonly siyfrtten May to October during
their migration between the Antarctic, where thegding grounds are located, and the
tropical waters of the South Pacific during the termwhere their breeding grounds are
(Constantine, Russell, Gibbs, Childerhouse, & Baké07; Berkenbusch et al, 2013).
Sighting of humpback whales have been reporteday @& Plenty (Gaborit-Haverkort,
2012); Great Barrier Island (McDonald, 2006), theago Peninsula (Hawke, 1989);
Doubtful Sound and offshore from Cape Farewellydiand (Webb, 1973; Lusseau &
Slooten, 2002) and Chatham Rise (Torres et al.3R@n the other hand, strandings of
this species has been reported at New Plymouthb{Bral991) and Cook Strait
(Childerhouse, 2006) in the North Island (Figur@)4.

Figure 4.3. Sightings of Balaenopteridae family in New Zealan&EZ. Minke whale (red
dots), Bryde’s whale (yellow dots), blue whale @alots), fin whale (purple dots), Sei whale
(orange dots) and humpback whale (turquoise dsmiirce: Department of Conservation.
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4.2.2. Toothed whales

4.2.2.1. Family Delphinidae

4.2.2.1.1. Hector's dolphin Cephalorhynchus hectori Van Beneden, 1881)
IUCN Status: Endangered (2013)
New Zealand StatusNationally Endangered (Baker et al., 2010)

Hector’'s dolphin is a species of toothed-whale emdeo New Zealand with a very
restricted distribution. They are distributed aldhg coast of the south Island and the
west coast of the North Island (Reeves et al., 8p18 South Island, Hector’s dolphins
have been reported at Porpoise Bay (Bejder & Daw&@®1); Banks Peninsula
(Slooten, Dawson & Rayment, 2006; Martinez, 201@ymRent, Dawson & Slooten,
2010; Dawson, Fletcher & Slooten, 2013); Kaikou#otkin and Orams, 2009), along
the Otago coastline (Turek, Slooten, Dawson, Rayremurek, 2013), Jackson Bay
area and Marlborough Sounds (Childerhouse, 2006)th@ west coast of the South
Island records come fror€ape Foulwind, Karamea and Jackson Head (Brager &
Schneider, 1998). In addition, have been seen otrat®mns of Hector’'s dolphins near
river mouths, such as Ngakawau, Buller, Grey, Arahtlaast, and Arawata Rivers, or
prominent headlands, such as Dolomite Point, Fglizibeth, and Tauperikaka Point
directly southwest of Arnott Point (Brager & Schuhei, 1998)Figure 4.4).

4.2.2.1.2. Maui's dolphin Cephalorhynchus hectori maui A. Baker, Smith and
Pichler, 2002)

IUCN Status: Critical Endangered (2013)

New Zealand Status:Nationally Critical (Baker et al., 2010)

Cephalorhynchus hectori maus the only recognised subspecies of the endemic
Hector’s dolphin Cephalorhynchus hectori hectiyriand is restricted to the west coast
of the North Island of New Zealand (Ferreira & Rabe2003; Baker et al., 2010).
Maui’s dolphins range goes up North until MaungaBliff and down to south until
New Plymouth (Slooten, Dawson, Rayment & Childed®u2005). Maui’s dolphins

have been reported between Kaipara Harbour and igawarbour, but most of the
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sightings were made between the Manukau HarbourPaortl Waikato (Ferreira and
Roberts, 2003; Slooten et al., 2005) (Figure 4.4).

Figure 4.4. Sightings of Hector’'s dolphi€ephalorhynchus hectori hectafyellow dots) and
Maui's dolphinCephalorhynchus hectori maiied dots) in New Zealand’s EEZ&ource:

Department of Conservation.

4.2.2.1.3. Long-finned pilot whales@lobicephala melas (Traill, 1809))
IUCN Status: Data Deficient (2008)
New Zealand StatusNot threatedBaker et al., 2010)

The Genre Globicephala comprises two recognised speci€& melas and G.
macrorhynchugCommittee on Taxonomy, 2014)ong-finned pilot whalesG. mela}

is distributed mainly in temperate waters and sidypmones (Taylor et al., 2008). There
are two different populations, one in the Northafstic and other one in the southern
hemisphere (Rice, 1998). The population in the INgktlantic can be found from
western Greenland, eastern Greenland, Iceland;dhmes and Norway, south to North
Carolina, Acores, Madeira and Mauritania (Rice,89% the southern hemisphere the
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species have been reported from southeast BraailthSAfrica, southern coast of
Australia, New Zealand and Chile (Rice, 1998) asdaa as he Antarctic Convergence
(Taylor et al., 2008) (Appendix 4.1; map 4).

In New Zealand, Long-finned pilot whales have besported in waters from both main
islands, as well as off shore areas and subargastands (Berkenbusch et al., 2013). In
the North Island, there are records from the Ceémlay of Plenty, where is presumed
that this species is a potential offshore resid€atborit-Haverkort, 2012), Cook Strait
region (Gaskin & Cawthorn, 1967) and the Haurakif @'Callaghan & Baker, 2002).
In the South Island, there have been reports ahNéarbour, Auckland Islands (Baker,
1977), from west of Westport to north of Tasman Ba&iebb, 1973), at Dusky and
Doubtful Sound in Fiordland (Lusseau & Slooten, 208nd Chatham Rise (Torres et
al., 2013) (Figure 4.5). Strandings have been tegpooughout the coastlines of New
Zealand (Torres et al., 2013).

4.2.2.1.4. Short-finned pilot whale Globicephala macrorhynchus Gray, 1846)
IUCN Status: Data Deficient (2011)
New Zealand Statusi(Baker et al., 2010)

Short-finned pilot whales G. macrorhynchuys have a tropical and subtropical
distribution overlapping in few places with the Iggfinned pilot whale (Olson, 2009).
In the Atlantic, Short-finned pilot whales are distited from the mid-coast of the
United States to France (Rice, 1998; Olson, 2000)he Pacific, this species can be
found from Japan to Vancouver Islands, extendimgatd south until south-east Brazil,
South Africa, Western Australia, Tasmania and tloetiNisland of New Zealand (Rice,
1998) (Appendix 4.1; map 4). Sightings of this spetave been made at White Island
and Hauraki Gulf (Department of Conservation ungigia).

4.2.2.1.5. Short-beaked common dolphirDE phinus delphisL.)
IUCN Status: Least Concern (2008)
New Zealand StatusNot threatened (Baker et al., 2010)

Short-beakedcommon dolphin is a species widely distributed iarm-temperate and

tropical waters worldwide; however, much of thetlsition of this species is uncertain

62



due to taxonomic problems (Rice, 199Belphinus delphishas been reported in the
Atlantic, from Newfoundland to Argentina and fronomay to West Africa including
the Mediterranean and the Black Seas (Rice, 1988inP 2009). In the Pacific, Short-
beakedcommon dolphin range from southern Canada to Ghieept in Hawaii); and
from central Japan to Taiwan, going to the soutNew Caledonia, New Zealand, and
Tasmania (Perrin, 2009) (Appedix 4.2; map 5).

In New Zealand waters, common dolphins are foundbdath Islands with more
prevalence in the North Island (Gaskin, 1968).Ha North Island, the species have
been reported in the northwestern and the east ob#ss Island (Neumann, 2001) and
Central Bay of Plenty (Gaborit-Haverkort, 2012)this last location, the dolphins were
sighted mainly between Motiti Island, Mayor Islamehd Waihi on the mainland
(Gaborit-Haverkort, 2012). In addition, there armpoarts from the Hauraki Gulf
(O'Callaghan & Baker, 2002; Stockin et al., 2008l Mercury Bay area, east coast of
Coromandel Peninsula (Neumann, 2001). Gaskin (18§&)rted sightings at Hawke’s
Bay, as well as large concentration of common dakploff the Wairarapa Coast in
summer and smaller schools near Wellington HarlgGaskin, 1968a) and Cook Strait
(Brager & Schneider, 1998) (Appendix 4.1).

The southern limit of common dolphin’s distributiseems to be near to Banks
Peninsula in the South Island (Gaskin, 1968a). Repmm this Island include the Fjords
(Lusseau & Slooten, 2002), around the west coaSapt Foulwind and Jackson Head
(Brager & Schneider, 1998), off the Waiau rivernmigu#ecretary Island in Doubtful and
Marlborough Sounds (Webb, 1973; Lusseau & Sloo9(2) and Chatham Rise
(Torres et al., 2013) (Figure 4.5).

4.2.2.1.6. Dusky dolphin I(agenorhynchus obscurus (Gray, 1828))
IUCN Status: Data Deficient (2008)
New Zealand StatusNot Threated (Baker et al., 2010)

Dusky dolphin has a patchy distribution in the beuh hemisphere. They can be found
in South America, from northern Peru to Cape HarrArgentina, and from southern
Patagonia, including the Falkland Islands (Rice98t9van Waerebeek & Wiirsig,
2009). In Africa, they can be found from False Baguth Africa to Lobito Bay, Angola
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in the southwestern part of the continent (Ric&8 ¥an Waerebeek & Wiirsig, 2009).
In New Zealand, the species is found in the eaastcof the island from Whitianga on
North Island south to Stewart Island and is alsentbin Campbell, Auckland and

Chatham Islands (Rice, 1998; Van Waerebeek & W{iai§9). In Australia, dusky

dolphins are only known by few reports. They ocaaross southern Australia from
Western Australia to Tasmania, and probably in lsqdrt of continental Australia.

Finally, there are confirmed sightings near Kangalsland, South Australia, and off
Tasmania (http://www.environment.gov.au/). In addif some population of dusky
dolphins are found around some oceanic islands thechristan da Cunha Archipelago
in the mid-Atlantic, the Prince Edward Islands, &rdzet and Amsterdam Island in the
southern Indian Ocean (Hammond et al., 2008) (Agpefh.1l; map 6).

In New Zealand waters, dusky dolphins are foundniyiaoff the South Island and the
southern portion of the North Island, although ¢hare some reports of this species as
far as Coromandel Peninsula in the North Islandski3a 1968). In addition, dusky
dolphins have been reported around the subantaetmapbell and Auckland Islands,
and Chatham Rise (Harlin et al., 2003; Wiursig DypteWeir, 2007). In the North
Island, the species have sighted south of East ([iesig et al., 2007), at the Hawke’s
Bay area (Wiirsig et al., 2007), the Taranaki/Wangaegion and Wellington (Wrsig
et al. 1997).

On the other hand, in the Sousttand, the species have sighted in Admiralty Bathie
Marlborough Sounds (Weir, 2007), around KaikouraaarWestport, Jackson Bay,
southeastern Fiordland, Greymouth, Moeraki and ®©tdgrbour (Wursig et al., 2007;
Stockin and Orams, 2009; Torres et al., 2013)dufiteon, the species has been reported
at Banks Peninsula, between the Conway and Waieer&iand to the north of Otago
Harbour, between Kaikoura Peninsula and Haumurif8land Cloudy Bay (Cipriano,
1992; Wiirsig et al., 2007). Other reports confilma presence of dusky dolphins at the
Otago Peninsula (Hawke, 1989), around the fjordsd@iths & Bachara, n.d.) and North
Canterbury coast (Gaskin, 1968a), as well as, Cap&vind and Jackson Head (Brager
& Schneider, 1998), around Solander Island, KahgirBioint, Greymouth, Tasman Bay
(Webb, 1973) and Milford Sound (Lusseau & Sloo®00)2) (Figure 4.5).
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Figure 4.5. Sightings of pilot whales (red dots), short-beakethmon (yellow dots), hourglass
(black dots) and dusky dolphins (green dots) in Nealand’'s EEZSource: Department of

Conservation.

4.2.2.1.7. Bottlenose dolphinTursiops truncatus Montagu, 1821)
IUCN Status: Least Concern (2012)
New Zealand StatusNationally Endangere(Baker et al., 2010)

Bottlenose dolphin is a species widely distribugeound the world. This species can be
found in almost all warm temperate and tropicakséath inshore and offshore (Rice,
1998; Wells & Scott, 2009). In the northern hemesh they can be found as far as the
Faroe Islands, southern Okhotsk Sea, the Kurihéida and central California, in the
Pacific. In the Atlantic, they can be found off N&mgland, offshore of Nova Scotia,
and off Norway and the Lofoten Islands. In the bett hemisphere they have been
reported as far as Tierra del Fuego (Argentina)tisdfrica, Australia, and New
Zealand (Wells & Scott, 2009) (Appendix 4.1; map 6)
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In New Zealand waters, there have been reporteek thliscontinuous populations
around the North Island, Marlborough Sounds, aratdfand (Brager and Schneider
1998; Constantine 2002; Tezanos-Pinto et al., 2@¥ker et al., 2010). The latter
population seems to be divided into three differenits found around Milford,

Doubtful, and Dusky Sounds (Brager & Schneider, 899n North Island, the

distribution of this species has been reports tofrben Cape Reinga to Tauranga
(Constantine, 2002; Gaborit-Haverkort, 2012). Altgb its distribution may extend on
the west coast, from Manukau harbour and on thé @mst to Gisborne (Tezanos-
Pinto, 2009). In addition, the species has bedmneigin the Hauraki Gulf (O'Callaghan
& Baker, 2002; Berghan et al., 2008), Central Baplenty (Gaborit-Haverkort, 2012);
Mercury Bay area (Neumann, 2001); Bay of Islandsg®t et al., 2010) and at the
Cook Strait region (Gaskin & Cawthorn, 1967) (Fregydc7).

On the other hand, the Malborough Sounds populatinges from Westport to Cloudy
Bay (Merriman, 2007; Tezanos-Pinto, 2009). Finalthe Fiordland population
distribution ranges from Jackson Bay to Preseruatidet (Brager and Schneider,
1998). This species have been reported from Fioddtagion, inhabiting 7 of the 14
flords in this area (Lusseau, 2005). Bottlenoseltiok also have been reported around
the West Coast (Brager & Schneider, 1998); Tasm@an(Baskin, 1968a) and Chatham
Rise (Torres et al., 2013). Other places where gpecies has been reported includes
Kaikoura (Visser, Fertl, & Pusser, 2004), some ngtnags in New Plymouth and
Waitarere, Akaroa Peninsula and Stewart Island giteg-Pinto, 2009). Additionally,
there is a known population of bottlenose dolphinr§iopssp.) from the Kermadec
Island, but due to the lack of information abous fhopulation no assessment has been
done (Figure 4.7).

4.2.2.1.8. Orca, killer whale Qrcinus orca Linnaeus, 1758)
IUCN Status: Data deficient (2013)
New Zealand Status:Orca Type A: Nationally Critical (Baker et al., 1)1

Orcas are the marine mammal most widely distribatedind the world. They can be

found in all oceans and most seas, but is most @mimcoastal and temperate waters

(Ford, 2009) (Appendix 4.1; map 7). Within the Ge@rcinus only one species have
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been recognised, but in the Antarctic, three difiérecotypes have been recognised,

based on morphological and dietary characterigkicgire 4.6) (Ford, 2009).

In New Zealand has been recognised the presertbe édur ecotypes of orcas A, B, C
and D (Baker et al.,, 2010), but only the ecotypeisArecognised as resident
(Berkenbusch et al., 2013). Orcas have been sigihéegiently at Chatham Islands
(Visser, 2000; Torres et al., 2013), Hauraki G@fGallaghan & Baker, 2002; Stockin
et al.,, 2008b), Central Bay of Plenty (Gaborit-H&eet, 2012) and Bay of Islands
(Visser et al., 2010). In the South Island, Orcagehbeen reported in the Kaikoura area
(Dahood, 2009), Otago Peninsula (Hawke, 1989),ratdhe Fjords region (Lusseau, et
al., 2002; Lusseau & Slooten, 2002), Westland, @nelymouth (Brager & Schneider,
1998). Regarding the other types of orcas, Vis$899) reported the presence of eight
orcas with different external characteristics tosth regularly sighted in New Zealand
waters. These orcas were sighted at the Bay otyRland showed a lighter coloration,
dorsal capes and bigger eye patch, whereby theoastiggested that they could be
“Antarctic orcas” or orcas type B (Visser, 1999n e other hand, in 1955, there was
a stranding in the west coast, of 17 orcas thatording with their external
characteristics, they were defined as orcas “tyfealthough they presented different

patterns of coloration recorded in other orcas ftbensame type (Visser, 2007) (Figure

4.7).
Type A ‘ Type C I
Type B ‘ Type D

Figure 4.6. Recognised ecotypes of killer whale®r¢inus orcd. Image modified from

http://antarcticsun.usap.gov/science/images4/wHalles-types-chart.jpg.




Figure 4.7. Sightings of southern right whale dolphin (bluasjipbottlenose dolphin (pink
dots), orca (yellow dots) and false killer whalee@n dots) in New Zealand's EE3ource:

Department of Conservation.

4.2.2.3. Family Physeteridae

4.2.2.3.1. Sperm whaleRhyseter macrocephalus Linnaeus, 1758)
IUCN Status: Vulnerable (2008)
New Zealand StatusNot threated (Baker et al., 2010)

Sperms whales are the third mammal most widelyidiged around the world, just
behind humans and orcas (Whitehead, 2009). Insghesies, both sexes have different
patterns of distribution. Females inhabit more tieafly deeper waters (>100m) at
latitudes less than 40° (Whitehead, 2009) andrtanfland. On the other hand, young
males can be found in tropical and subtropical vgategether with the females, until
they leave them, and commence to migrate towaresthes. Finally, the older and
bigger males can be found close to the pack ideodim hemispheres, but they can move
to warmer water during the reproduction time (Whead, 2009) (Appendix 4.1; map
10).
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Sperm whales can be sighted in both offshore amadshere regions in New Zealand.
This species has been reported around Cook StEaskin & Cawthorn, 1967),
Kaikoura region (Childerhouse et al., 1995; Riclgeal., 2003; Sagnol, 2014; Sagnol,
Ritcher, Field & Reitsma, 2014); west of George i@huiordland coast (Webb, 1973)
and Chatham Rise (Torres et al., 2013). Strandimgse beerreported at Kaipara
Harbour, Northland and Gisborne, Wellington's c@ast at Opoutama beach (Brabyn,
1991), Claverly Beach, Ohau point and Kaikoura psmia (Torres et al., 2013) (Figure
4.8). Other species of cetacean foun in New Zealatdrs are found in table

Figure 4.8. Sightings of sperm whales in New Zealand’'s EExdurce: Department of
Conservation.
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Table 4.1. List of other species of cetacean found in New Zedwaters.

Family

Balaenopteridae

Family

Neobalaenidae

Family
Delphinidae

Family Kogiidae

Species

Antarctic
minke whale

Sei whale

Pygmy blue
whale

Antarctic
blue whale

Fin whale

Pygmy right
whale

Risso’s
dolphin

Hourglass
dolphin

Melon-
headed
whale

Southern
right whale
dolphin

False killer
whale

Pantropical
spotted
dolphin

Striped
dolphin

Pygmy

Common hame

Balaenoptera

bonaerensis

Burmeister, 1867

Balaenoptera
borealisLesson,

1828

Balaenoptera

musculus
brevicauda

Ichihara, 1966
Balaenoptera

musculus
intermedia

Burmeister, 1871

Balaenoptera

physalud..

Caperea

marginata(Gray,

1846)

Grampus griseus

(G. Cuvier,
1812)

Lagenorhynchus
cruciger (Quoy

& Gaimard,
1824)

Peponocephala

electra

Lissodelphis
peronii

IUCN
Status

Data
Deficient
(2008)

Endangered
(2008)

Data
Deficient
(1996)

Critically
Endangered
(2008)

Endangered
(2013)

Data
Deficient
(2008)

Least
concern
(2012)

Least
Concern
(2008)

Least
Concern
(2008)

Data
Deficient

(Lacépede, 1804) (2012)

Pseudorca
crassidens

(Owen, 1846)

Stenella
attenuata

Stenella
coeruleoalba

Steno
bredanensis

Kogia breviceps

Data
Deficient
(2008)

Least
Concern
(2012)

Least
Concern
(2008)

Data

NZ Status

Not
threatened
(Baker et
al., 2010)

Migrant
(Baker et
al., 2010)

Migrant
(Baker et
al., 2010)

Migrant
(Baker et
al., 2010)

Migrant
(Baker et
al., 2010)

Data

Deficient
(Baker et
al., 2010)

Vagrant
(Baker et
al., 2010)

Not
threated
(Baker et
al., 2010)

Vagrant
(Baker et
al., 2010)

Not

Threated
(Baker et
al., 2010)

Not
threated
(Baker et
al., 2010)

Vagrant
(Baker et
al., 2010)

Vagrant
(Baker et
al., 2010)

Data

Global distribution
(Appendix 4.1)

Map 1

Map 2

Map 2

Map 3

Map 3

Map 5

Map 5

Map 7

Map 8



Family
Phocoenidae

Family
Ziphiidae

sperm whale

Dwarf
sperm whale

Spectacled
porpoise

Arnoux’s
beaked
whale

Southern
bottlenose
whale

Andrews’
beaked
whale

Gray's
beaked
whale

Blainville's
beaked
whale

Ginkgo-
toothed
beaked
whale

Hector’s
beaked
whale

Strap-
toothed
whale

Spade-
toothed
whale

Shepherd’s
beaked
whale

Cuvier's
beaked
whale

(Blainville,
1838)

Kogia sima
(Owen, 1866)

Phocoena
dioptrica Labhille,
1912

Berardius
arnuxii
Duvernoy, 1851

Hyperoodon
planifrons
Flower, 1882

Mesoplodon
bowdoini
Andrews, 1908

Mesoplodon
grayi von Haast,
1876

Mesoplodon
densirostris
(Blainville,
1817)

Mesoplodon
ginkgodens
Nishiwaki and
Kamiya, 1958

Mesoplodon
hectori(Gray,
1871)

Mesoplodon
layardii (Gray,
1865)

Mesoplodon
traversii (Gray,
1874)

Tasmacetus
shepherdDliver,
1937

Ziphius

cavirostrisG.
Cuvier, 1823
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Deficient
(2012)

Data
Deficient
(2012)

Data
Deficient
(2008)

Data
Deficient
(2008)

Least
Concern
(2008)

Data
Deficient
(2008)

Data
Deficient
(2008)

Data
Deficient
(2008)

Data
Deficient
(2008)

Data
Deficient
(2008)

Data
Deficient
(2008)

Data
Deficient
(2008)

Data
Deficient
(2008)

Least
Concern
(2008)

Deficient
(Baker et

al., 2010).

Vagrant
(Baker et
al., 2010)

Vagrant
(Baker et
al., 2010)

Vagrant
(Baker et
al., 2010)

Data

Deficient
(Baker et
al., 2010)

Data

Deficient
(Baker et
al., 2010)

Data
deficient
(Baker et
al., 2010)

Data

Deficient
(Baker et
al., 2010)

Vagrant
(Baker et
al., 2010)

Data

Deficient
(Baker et
al., 2010)

Data

Deficient
(Baker et
al., 2010)

Data

Deficient
(Baker et
al., 2010)

Data

Deficient
(Baker et
al., 2010)

Data

Deficient
(Baker et
al., 2010)

Map 8

Map 8



Chapter Five

Using modelling techniques to

mitigate anthropogenic noise impacts

on cetaceans




5.1. Introduction

Ocean noise is a topic of current interest for magigntists and Government agencies
due to its potential effects on marine fauzc€an Studies Board, 2005This has
motivated the search for mitigation measures toirdgh and/or prevent harmful
consequences for these animals. Mitigation meastagsdepending on the source of
noise, but existing measures may be insufficiengt@arantee protection of marine
mammals. Potentially widespread and damaging #etvihat have received increasing
attention in recent years are noise characterissgciated with extraction of mineral
(e.g. drilling, dredging, seismic surveys). Altighuthe New Zealand government has
developed protocols that seek to mitigate impacany of the impacts go unnoticed
because mineral extraction operations cover laigfarttes (Bombosch et al., 2014). To
increase the effectiveness of these mitigationgmads, planned surveys and modelling
of marine mammals, in space and in time, can helminimise the noise impacts on
them (Bombosch et al., 2014).

Regardless of which of the mitigation measuresuaesl, they can be improved with the
application of species distribution models (SMI®)ecies distribution models are cost
effective methodologies that relate spatial disttitn and environmental features to
predict the species’ distribution in a pre-detemirarea (Elith & Leathwick, 2009).
These models have been broadly used in diverseestuvolved biodiversity and
wildlife management such as effects of climate geanassessment of possible
emerging diseases and estimation of the presenagarefor invasive species in a
particular area, etc. (e.g., Edrén Teilmann, Die&z,Soderkvist, 2010; Chunco,
Phimmachak, Sivongxay & Stuart, 2013; Ortiz-YuR&sptrepo & Paez, 2014; Kumar,
Graham, West, & Evangelista, 2015). The resulteegdrd from these models offer a
base for prioritising conservation and managemewt @an be helpful in improving

management policies (Ferrier, 2002).

One method, commonly used in the last years foreitiad species distribution has
been MaxEnt (Phillips, Anderson, & Schapire, 200Gdsay, 2014; Ortiz-Yusti et al.,
2014) (ttp://www.cs.princeton.edu/~schapire/majeraxEnt is a general-purpose

machine learning method that uses presence-only diata determined species and
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contrast these data with the environmental inforomaéissociated with each sighting, to
provide information about the probability of a sigscoccurrence (i.e., the more
uniform distribution) (Phillips et al., 2006; Plyls & Dudik, 2008; Merow, Smith &
Silander, Jr., 2013). MaxEnt offers high predictaezuracy, and has some advantages
over other SMDs traditionally used such as GerszdliAdditive Models (GAMS),
Generalised Linear Models (GLMs), climatic envelop® boosted regression trees
(Lindsay, 2014). A key advantage of MaxEnt is tlse of presence-only data; due to
true absences are difficult to prove and in margesaas with marine mammals, are
challenging to obtain (Phillips et al., 2006; Elghal., 2011). In addition, it provides the
opportunity to use both categorical and continuaargables and it is a generative rather
than a discriminative model, hence effective foaBrdata sets. Finally, MaxEnt can be
used to assess complex relationships among vasigineviding researchers with a tool
for identifying the variables that contribute méstthe models of species distribution
(Phillips et al., 2006; Baldwin, 2009).

The overall goal of this chapter is to combine infation on marine mammal
distributions with known (and proposed) locatiomswothropogenic noise production to
help inform planning and decision making concernagivities undertaken offshore,
such as drilling, dredging and seismic surveyspilider to minimise the impact of
anthropogenic noise on marine mammals. The obgxtof this chapter are to: 1)
generate distribution models of a range of threatenarine mammals in New Zealand,
and 2) compare these distributions to locationsngfoing and proposed anthropogenic

noise operations.

5.2. Methods

5.2.1. Study area

New Zealand is an island nation located in the IS®&cific, approximately 1,600 km
from both Australia and Polynesia (Lat 34° to 478Banning more than 2,000 km).
New Zealand in made up of three main islands: N@thuth and Stewart Islands, and
more than 700 island and islets mostly within 50 &mthe coast. Other important
islands around mainland New Zealand include theipddes, Auckland, Campbell,
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Chatham and Kermadec Islands. The three main islemder an area of approximately
166.940 kri. Of the three main islands, the South Island is krgest with an
approximate area of 150.437 knfollowed by the North Island with 113.729 knand
finally Stewart Island, the smallest of the thre#hwl680 knf (Gordon, Beaumont,
MacDiarmid, Robertson & Ahyong, 2010jttp://www.teara.govt.nz/en/natural-

environment/page)l New Zealand possesses an Exclusive Economic #6BZ) of

approximately 4.2 million ki which is around 15 times larger than the landseasd

is the seventh largest EEZ in the world. New ZedieEEZ spans from 30° of latitude,
from the subtropics (latitude 26°S, north of theridadec Islands) to the subantarctic
(latitude 56°S, south of Campbell Island) (Vinceitake, Austin & Bradford, 1989;
Gordon et al., 2010) (Figure 5.1).
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Figure 5.1 Map of New Zealand showing its Territorial Seae@), the Exclusive Economic
Zone (purple) and extended Continental Shelf (blidified from National Institute of Water
and Atmospheric Research (NIWA).
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5.2.2. Target species and sightings data

Seven species were selected to perform the habudelling analysis using MaxEnt
(Table 5.1). These species were chosen based afetjree of threat according to the
New Zealand Threat Classification System; spediassified as “Nationally Critical”
and “Nationally Endangered” are prioritised in tlegidy (Baker et al., 2010). In
addition, sperm whale was included in the modelghohgh this species is not
endangered, it is exposed to large amounts ofgwupressure and its population are
subject of continuous perturbations (Richter, Daws® Slooten, 2006). The records of
the presence of all target species were obtaingdugh the Department of
Conservation’s marine mammal sightings databaseHg@hdriks pers. comm.). These
data include date, location (region and coordinatésetacean sightings (i.e. presence-

only data) and name of the species sighted (comandrscientific).

Table 5.1.Species chosen for MaxEnt analysis, showing theathclassification allocated by
IUCN and the New Zealand Threat Classification Syst

o NZ threat IUCN threat
Scientific name Common name o o
classification classification
Balaenoptera edeni Bryde’s whale Nationally Critical Data Deficient
Cephalorhynchus _ _ _ N Critically
_ _ Maui’s dolphin Nationally Critical
hectori maui Endangered
Orcinus Orca Orca, killer whale Nationally Critical* Least Concern
Cephalorhynchus ' Nationally
_ _ Hector’s dolphins Endangered
hectori hectori Endangered
~ Southern right Nationally
Eubalaena australis Least Concern
whale Endangered
. ~Nationally o
Tursiops truncatus Bottlenose dolphin Data deficient
Endangered
Physeter
Sperm whale Not threatened Vulnerable

macrocephalus

*Only Orca Type A is under the category “Nationalyitical”.
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5.2.3. Environmental variables

Seven environmental variables were used to gendratpotential distribution models
of the species selected for the analysis: depthexkrate of change of slope; sediment
type; annual amplitude of Sea Surface Tempera®®); summertime SST anomaly;
wintertime SST and tidal current (Table 5.2). Theseables were chosen as proxies of
environmental characteristics that could affectdistribution of cetaceans and/or their
prey. In addition, some of these variables haven bmenmonly used in other works
involving cetaceans’ habitat modelling, suggesthrag they might be good predictors of
their distribution (e.g. Edrén et al., 2010; Thometeal., 2012; Bombosch et al., 2014;
Correia et al., 2015; Gomez & Cassini, 2015). Tihwirenmental variables were
obtained as GIS raster layers, which were develaggohrt of the New Zealand Marine
Environment (MEC) project (Snelder et al., 2005he3e environmental layers were
done using multivariate clustering of several sigtiexplicit data layers to describe the
physical environment at the New Zealand Economidusive Zone (See Snelder et al.,

2005). The environmental variables were used at & km nominal spatial resolution.

Table 5.2.Environmental variables used in MaxEnt (DevelopedAEC project).

Environmental Abbreviation Description Units
variable
Depth depth Bathymetry grid (1 km resolution) m
Seabed rate of change bed_prof The rate of change of slope for each ~ 0.01m"
of slope (profile) cell
Sediment type sed Sediment type as a categorical variak n/a
Annual amplitude of ssta Smoothed annual amplitude of SST °C

sea surface

temperature
Summertime sea sstanom Spatial anomalies with scales betwee °Cc
surface temperature 20 and 450 km in late February when
anomaly SST is typically highest
Wintertime sea surface sstw Mean of daily data from early °C
temperature September when SST is typically

lowest
Tidal current tidal Depth averaged maximum tidal curre m/s
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5.2.4. Ecological niche modelling

Modelling of the potential distribution of the sevgpecies of cetaceans was done using

the software MaxEnt v.3.3.3kitp://www.cs.princeton.edu/~schapire/majyeMaxEnt

is a general-purpose machine learning methodolbgy produces habitat suitability
models by comparing sighting data with environmkect&ariates in a determined area
(Phillips et al., 2006; Lindsay, 2014). As outpMixEnt gives the relative probability
of observing the species in each cell, i.e. thadks gvith environmental variables close
to the means of ‘presence’ locations have highebaility of suitability (Phillips et al.,
2006).

5.2.5. Data transformation

MaxEnt requires that all the environmental layeasehthe same geographic bounds and
cell size. For my dataset, all the environmentgéita were in different projections, and
had to be re-projected at the same coordinateraysthis data transformation process
was done using the program ArcGIS 10.2 (ESRI 2B818GIS Desktop: Release 10.2.
Redlands, CA: Environmental Systems Research us}it The projections of all the
environmental layers were changed to NZGD 2000 Mealand Transverse Mercator.
Next, using the tool “Extract by mask”, in the “$ijph Analyst Tool”, all the
environmental layers were clipped and the extemt egll size were appropriately
modified. Finally, all the raster files were coneel to ASCII format. In addition, all
sightings coordinates were projected onto NZGD 2008iv Zealand Transverse
Mercator system with the help of the same prog@match with the coordinate system

given to the environmental layers. These data waved in CSV format.

5.2.6. MaxEnt settings

Once the environmental variables and sightings wetbe correct formats, the model
was run. Some of the default settings were keptuoning the model, but others were
adjusted. The output format selected was “Raw'thastype of output does not rely on
post-processing assumptions (Merow et al., 2018)can generate results that are more
accurate in this case. For running the model, pboaions were performed and 25% of

the data were selected for testing the model, whldws verifying the efficiency and
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variability of the model (Young, Carter & Evangédis 2011). Based on these two
features, a subsample replicate run type was chtisesnone can control the number of
repetitions and percentage of withheld test ocoees (the sighting dataset was
considerably large than the subsamples). Fina905terations were used to allow the
model time to converge and avoid an over- or umdediction of the relationships
(Young et al., 2011).

5.2.7. Model validation

The validation of the model was done using the Rec®perating Characteristic curve
(ROC) and the Area Under the Curve (AUC) value. R@C curve plots sensitivity
(true positives) against 1-specificity (false pwoss); representing how well the data
predicts presence and how correctly absences adicped, respectivelyFlelding &
Bell, 1996; Thorne et al., 201.2The AUC value is a direct measure of the distration
ability of the model with a value between 0 and/alues close to 1 indicate that there
is a good fit of the model; values near 0.5 indicatfit no better than the models
obtained by random (Phillips et al., 2006). Basadther studies with cetaceans (e.g.
Thorne et al., 2012;indsay, 2014) AUC values of ROC were evaluatetbsw: < 0.5
indicates no discrimination; 0.5 — 0.7 indicatespdiscrimination; 0.7 — 0.8 indicates
an acceptable discrimination; 0.8 — 0.9 indicatekent discrimination and finally, >

0.9 indicates outstanding discrimination.

For environmental variables, a Jackknife test werfopmed to measure and determine
which of these variables were the most importanttfie estimated models. This test
excludes one variable at a time while running thedeh, an approach that provides
information on the performance of each variable &odv each one is important
explaining the species distribution (Baldwin, 200®%)inally, correlations between
environmental variables were tested before runthegnodel, as the inclusion of highly
correlated variables may produce an over-fittingtled model. For example, if two
variables have a correlation coefficient > 0.80lyamme was entered into the model,
based on my assessment of the likely biologicaloitgmce of the variables for the
species. Correlations between variables were as$essng a correlation matrix using

the Principal Components Analysis in ArcGIS.
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5.2.8. Areas of industrial activities in New Zealand

To examine the areas where cetacean distributiah imatustrial activities in New
Zealand coincide, maps showing active and futueasarfor these activities and the
species maps generated with MaxEnt were overlapgpsithg ArcGIS 10.2, the raster
maps obtained in MaxEnt were transformed into pres@bsence maps. To do so, the
average of the maximum training sensitivity pluggficity logistic threshold values
were used, and the threshold corresponding tovtiise for the ‘raw’ output was taken
from the sample prediction datasheets generatddaxEnt. Because 15 replicates were
made, the value most similar to the value obtainetthe logistic result was used as a
threshold. Subsequently, all the raster maps werevested to shapefiles. Species
distributions and industrial activities layers welg@ped and the areas where both layers
overlap were obtained. Finally, the table of atttéds of each shapefile were converted
to Excel files (MS Excel Microsoft Corporation) artie percentage of overlap
calculated. The maps showing the exploration amdo&ation areas were sources from
the New Zealand Petroleum and Mineral website &l ibformation correspond for

the present yeah{tp://data.nzpam.govt.nz/permitwebmaps?commodétrofeun).

5.3. Results

5.3.1. Correlation between variables

Only two variables were highly correlated: annuadiation (rad) and wintertime sea
surface temperature (sstw) (Table 5.3). Due to lilgk correlation, rad was excluded
from the analysis and sstw was kept; sstw is aebgttoxy for water productivity
(Senelder et al., 2005) and more informative imteiof cetacean biology (Acevedo,
1991b). Therefore, the final model included sevevirenmental variables: bed profile;
depth; sedimentation; annual amplitude of sea sertamperature; summertime sea

surface temperature anomaly; wintertime sea suttaneerature and tidal.
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Table 5.3.Correlation between all environmental variablesduisethis analysis. Correlations
(r) > 0.80 are shown in bold.

Variables bed_prof depth rad sed ssta  sstanom  sstw tidal
bed_prof - 0.18 0.01 0.02 0.01 0.04 0.02 -0.08
depth 0.18 - 0.00 0.01 0.10 0.11 0.06 -0.50
rad 0.01 0.00 - -0.17 0.61 0.04 0.98 -0.11
sed 0.02 0.01 -0.17 - -0.03 0.04 -0.20 0.08
ssta 0.01 0.10 0.61 -0.03 - 0.14 0.56 -0.14
sstanom 0.04 0.11 0.04 0.04 0.14 - 0.09 -0.19
sstw 0.02 0.06 098 -0.20 0.56 0.09 - -0.15
tidal -0.08 -0.50 -0.11 0.08 -0.14 -0.19 -0.15 -

5.3.2. Habitat modelling

5.3.2.1. Models evaluation and contribution of envonmental variables

All the models obtained for each species showed@d@ above 0.9, which indicates
that they had outstanding discriminatory power (84sthods section; Figure 5.2).
Overall, for the environmental variables used esthanalyses, depth and sediment had
the greatest explanatory (predictive) power. Fergperm whale, the model showed that

sediment had the highest predictive power followgdiepth (Table 5.4; Figure 5.3).

Table 5.4. AUC values and most important predictive environtakewariables for each species
assessed with MaxEnt.

Species AUC values Environmental variable
Balaenopera brydei 0.982 depth, sed
Eubalaena australis 0.973 depth, sed

Cephalorhynchus hectori hectol 0.988 depth, sed
Cephalorhynchus hectori maui 0.987 depth, sed
Tursiops truncatus 0.968 depth, sed
Orcinus orca 0.973 depth, sed
Physeter macrocephalus 0.920 sed, depth
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5.3.2.2. Habitat suitability maps

Predictive maps of habitat suitability for the sevepecies of cetaceans assessed,
showed different patterns of suitability. For Briglevhale, maps showed a high
suitability on both east and west coast of the Néstand. On the west coast, the most
suitability areas ranged from zones surrondingNbeh Cape to south Taranaki Bight,
and the Cook Strait area. For the east coast oNdréh island, the most suitable areas
were the Hauraki Gulf and Bay of Plenty and Giskomth an extension to northern
Hawke’s Bay. For small delphinids (Hector's, Mauiand bottlenose dolphin), the
suitability area is concentrated near the coasbath coasts of the North Island. For
Maui’'s dolphin, the suitability areas can reach toethern part of the South Island,
including Cook Starit. The Hector’s dolphin suitéiarea also extends along the east
coast of the South Island to Foveaux Strait. Itutthde noted that the models also
showed suitable habitat for Hector’s dolphin abtime Chatham Islands.

Additionally, bottlenose dolphin showed high suili#p in the northern part of the
South Island (around Cook Strait), around FoveamxitSn the southern portion of the
South Island and around Chatham Island. For onggglslity areas are wide ranging
and cover the coast of both main islands and oféshaters of the east coast of the
South Island. Sperm whale suitable areas are lkbaateff shore waters of the South
Island, in a region know as Canterbury basin andinBo Trough, similar to the
distribution shown by orca in the same area. Rmdhe southern right whale map
showed the lowest probality of suitability of allodelled species (characterized by
yellow color) but the suitable area for this speadiecluded the entire coastal area of
New Zealand, and it is extended as far as Camsbatid (Figure 5.4).
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Figure 5.4. Predicted suitability maps for A) Bryde's whale; Bputhern right whale; C)
Maui's dolphin; D) Hector's dolphin; E) Bottlenosiolphin; F) Orca and G) Sperm whale.
Warmer colors mean higher habitat suitability.
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5.3.3. Exploration and exploitation areas and Cetacean digbution in New

Zealand

Currently, the extraction and exploitation areadlew Zealand can be analysed based
on the basin where these activities are undergoingre planned. Areas where these
activities are undergoing include three main arast, (A) the area between Taranaki,
New Caledonia and Northland Reinga basins, on @t woast of the North Island. The
second area is within the East Coast Basin (B) thedast one, the area around the
Canterbury and the Great South Basin on the east o the South Island (C) (Figure
5.5).

In addition, there are some areas designated focation of strategic permits for
exploration regulated by New Zealand’'s Governmdiie blocks being tendered for
2015 offshore areas are Northland-Reinga (186,18),kTaranaki (53,253 kf)
Pegasus/East Coast (44,015 *kmand Great-South Canterbury (141,757 %km
Additionally, an area of around 370,496 krfrom Gisborne to Southland, has been

made available for petroleum prospecting permiitguie 5.6).

Figure 5.5.Regional division of offshore activities A)aranaki, New Caledonia and Northland
Reinga basins, B) East Coast Basin and C) Cantednat the Great South Basin.
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5.3.3.1. Bryde’s whale

Model predictions for Bryde’s suggest a suitableaaof 90382 km From this area,
32% overlaps with the block offer and 13% with aresailable for permit applications
and petroleum permits. In total, 45% of the ranfyBryde’s whales will be in conflict
with prospecting and seismic surveys activitieg)(Fe 5.6).

A) B)

Figure 5.6. Maps showing the overlap between Bryde’s whale Andpen block offer
release (green area) and B) current petroleum pe(pink area) and permits

applications (yellow area). The grey area represtret suitability area for the species.
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5.3.3.2. Southern right whale

Model predictions for southern right whale suggassuitable area of 336303 km
Thirty percent of this area overlaps with the bladfer, 24% with areas available for
permit applications and 12% with areas with petrolepermits. In total, 66% of the
range of this species will be in conflict with ppegting and seismic surveys activities
(Figure 5.7).

Figure 5.7. Maps showing the overlap
between southern right whale and A)
open block offer release (green area); B)
current petroleum permits (pink area)
h: and C) permits applications (yellow
area). The grey area represents the

suitability area for the species.
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5.3.3.3. Maui’s dolphin

The suitable area found with the models suggestaeal of aproximatly 80576 Krfor
Maui’'s dolphin. Twenty-four percent of this rangmserlaps with the block offer, while
10% overlaps with areas available for permit agpions and petroleum permits. In
total, 34% of the Maui’'s dolphin range will be inrdlict with these types of activities
(Figure 5.8).

A)

Figure 5.8.Maps showing the overlap between Maui’s dolphin Ap@pen block offer
release (green area) and B) current petroleum pefpink area) and permits

applications (yellow area). The grey area represtret suitability area for the species.
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5.3.3.4. Hector’s dolphin

Model predictions for Hector’s dolphin suggest #ahle area of 154874 KmFrom the
total area, 23% of this overlaps with the blocleoffl5% with areas available for permit
applications and 9% with areas with petroleum ptxnin total, 46% of the range of
this species will be in conflict with extractive daseismic surveys activities (Figure
5.9).

Figure 5.9. Maps showing the overlap
between Hector’'s dolphin and A) open
block offer release (green area), B)
permits applications (yellow area) and
C) current petroleum permits (pink
area). The grey area represents the
suitability area for the species.
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5.3.3.5.Bottlenose dolphin

Model predictions for bottlenose dolphin suggesu#able area of 625987 KnFrom

the total area, 33% of this overlaps with the blofler, 25% with areas available for
permit applications, 11% with areas with petrolepemmits and 6% with prospection
areas. In total, 75% of the range of this spegesompromised with prospecting and

seismic surveys activities (Figure 5.10).

A) /
$ 7

Figure 5.10. Maps showing the overlap

between bottlenose dolphin and A) open
block offer release (green area), B)
permits applications (yellow area), C)

current petroleum permits (pink area)
and prospection areas (orange area).
The grey area represents the suitability

area for the species.
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5.3.3.6. Orca

Model predictions for orca suggest a suitable afe307186 km. From this area, 91%
overlaps with the block offer being the higest df threatened cetaceans assessed.
Thirty percent of the area overlaps with areaslalka for permit applications, 15%
with areas with petroleum permits and 4% with pextimg activities. The entire range

of orca is covered by prospecting and seismic ysraetivities (Figure 5.11).

A)

Figure 5.11.Maps showing the overlap
between orca and A) open block offer
release (green area), B) permits
applications (yellow area), C) current
petroleum permits (pink area) and
prospection areas (orange area). The
grey area represents the suitability area

for the species.
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5.3.3.7. Sperm whale

Model predictions for sperm whale suggest a siétatsea of 934789 KmFrom this
area, 38% overlaps with the block offer, 41% witteas available for permit
applications, 14% with areas with petroleum perraitd 4% with prospecting activities.
In total, 97% of the range of this species overlafih prospecting and seismic surveys

activities (Figure 5.12).

Figure 5.12. Maps showing the overlap

between sperm whale and A) open
block offer release (green area), B)
permits applications (yellow area), C)

current petroleum permits (pink area)
and prospection areas (orange area).
The grey area represents the suitability

area for the species.
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5.4. Discussion

5.4.1. MaxEnt

5.4.1.1. Model performance and environmental variales

The AUC values obtained for all models were highilar to the values obtained in
other cetacean studies using MaxEnt, which meaas$ tihese models can very
accurately predict cetacean’s distribution (e.g.ukdoet al., 2012; Thorne et al., 2012,
Gomez & Cassini, 2015). However, the reliabilitytbé results obtained in this study
may have some bias. AUC values tend to increasa wWieabsences are selected from
a large area (Wisz et al., 2008), and in this stdldy presence records tend to be bias
towards the territorial sea, but the absences dgecthe entire New Zealand EEZ, hence
can generate high AUC values. Nevertheless, theelmagnerated in this study, show
concordance with published scientific knowledge cetacean distributions in New
Zealand’'s waters and add useful information foreottegions of potential presence of

cetaceans.

Results of environmental variables showed thatdeptd sediment were overall the
most important predictors of habitat suitabilityutbunderstanding the relationship
between environmental variables and species diginiv can be difficult as there are
often non-linear relationships and additional festmay influence predictions. Among
the variables assessed, depth was the variablectimatibuted significantly to most
models (except for sperm whale). This is similathe findings of Thorne et al. (2012)
for spinner dolphin in Hawaiian waters. The fachttldepth was the most important
variable for most species can be explained by #iét$ of the species assessed. Most of
the focal species of this study tended to be sthlmeshallow water, which would
explain why deep water might be a limiting factor §ome species (Slooten, Dawson,
Rayment & Childerhouse, 2005; Wiseman, Parsongkta& Baker, 2011; Gaborit-
Haverkort, 2012; Torres, Halliday & Sturman, 2013).

The results found contrast to findings by Edrémle(2010) where sediment type was

not an informative variable for harbour porpoiséditet modelling in Danish waters.
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Although it was found that depth was less importhah sediment for predicting sperm
whale distributions, my results are generally cstesit with a study by Correia et al.
(2015), that used GAM, and found that depth an@esload a positive influences on
sperm whale distribution. The significance of deptis expected for sperm whales in

New Zealand as this species is a deep-diver ami$ tienbe seen in deep waters.

Surprisingly, several variables thoughpriori to be important did not contribute to the
final models as expected. For example, sea sutéagperature (sst), a variable that has
showed high predictive value in other studies (&gura, et al., 2012; Gomez &
Cassini, 2015), had low explanatory power for pkk@es except then Maui’'s dolphin.
Furthermore, the variable wintertime sea surfaceprature (sstw) contributed more
than sst for habitat predictions. SSTW was chosea proxy for nutrient availability,
and as well as availability of potential prey fataceans, confirming that cetacean’s
distribution is highly linked to prey distribution.

The exclusion from this study of some environmentaiiables that have previously
been shown as important predictors in other stunfieetacean’s distribution could led
to less accurate prediction maps. To increase ridigive power of this type of study,
it is may be necessary to include variables suctsamity and chlorophyll. For

example, Gomez & Cassini (2015) showed that sglioituld have high explanation
power in models for Franciscana dolphin. In additiMoura et al. (2012) found that
chlorophyll a is good predictor for common dolphin in Portugaliture models could

benefit from the inclusion of more and very speciénvironmental variables for
different groups of cetaceans, (because whales dafghins likely have different

ecological needs). However, the current availgbitf this type of data over broad

geographical scales is limited.

5.4.1.2.MaxEnt limitations

Although MaxEnt is user-friendly software, a numbédecisions in how it is applied
should be taken to ensure minimising the bias enrttodels obtained. First, choosing
the features (i.e. quadratic, linear, product oghk) that best suits the type of data used
for modelling can be complicated due to the scamitinformation about each feature.

For this study, “auto features” was chosen singuilai published studies have
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demonstrated that MaxEnt is able to produce manfdlse same accuracy using simpler
feature types (and auto features) (Merow et all32@yfer Smith & Coomes, 2013). To
verify this, the models in this study, were alsa pairwise for features, and the results

did not change substantially.

Another issue is the validation of the model. Iis $tudy, 25% of the data were chosen
to evaluate the model. Using a subsample of thesdais not ideal situation as it is not
an independent validation and the model may lokabikty. To remedy this, it would
be necessary to use a different dataset to thdttodeuild the model (Bombosch et al.,
2014). For this study, no other dataset was aJail&binally, choosing an output format
can generate slightly different results in the nmed€onflicting advice of output
formats exist. For instance, Phillips & Dudik (20@8iggest that the logistic output is
the most suitable because this approach improvehealibration. In contrast, Merow
et al. (2013) advocate raw output and argue thattyipe of output does not rely in
other assumptions and keeps the model simple ahdtes errors. For this study, the

latter approach was taken and the raw output wed. us

5.4.1.3. Model predictions and management issues

The models obtained as part of this study show thatdistributions of cetaceans
significantly overlap with the anthropogenic offsh@evelopment currently in progress
in New Zealand. These activities overlap at le&8t 3e.g. for Maui’s dolphin) and in
orca and sperm whale almost their entire range%l@dd 97%, respectively). The
activities of extraction and prospecting for pettoh on the west coast of the North
Island have the potential to cause impacts ondbtite seven cetaceans assessed in this
study. In this area, cetaceans such as Bryde’sewMdui’'s and Hector’s dolphin, and
potentially bottlenose dolphin are present. Theency for improved and more
comprehensive mitigation plans to protect theseispencreases when we consider that
their distributions (with the exception of bottles@o dolphins) are restricted to that
particular area in the North Island and the degfa@reat these activities pose. A good
example of the necessity of better mitigation plan8laui’s dolphin; mineral extraction
activities are taking place close to its core letand noise from these activities, among
other factors, potentially add damaging pressutiisopopulation and could contribute

to the decline of an already highly decimated papaoih.
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New Zealand’s mineral extraction and exploratiodustry is growing fast and is
currently at fourth place worldwide in this indyStrThe government aims to increase
the oil exportation to 30 billion NZD a year by Z)2en times greater than the current
level. Importantly, current oil extraction in Newedland is concentrated in one single
basin, the Taranaki basin, hence with the potengisg¢rvoirs of this resource in other
basins, combined with worldwide expansion of thirket, extraction and exploration
will increase. This may bring economic advantageg.(increasing New Zealand’s
GDP), nevertheless, from an ecological viewpoimt kind of large-scale development
may have long-term negative impacts and if not erigpmanaged and migitated will

intensify the conflict between conservation andnecoic development.

For the east coast of the South Island, the ardarewnthese projects have been
developed include Pegasus, Canterbury and Greah Sasins. These projects are
located in the key areas of distribution of orgaersn and southern right whale. Orca,
due to the small size of their population in Newaldad, may be affected for the
impacts that noise pollution can have on them tieand on their prey. Sperm whale
found in the Kaikoura region is under constant gues from whale watching activities
developed in the area. This when combined with agplon activities within the

Pegasus basin may lead to deleterious effects isnspiecies. Likewsie, for southern
right whales, a species common around New Zealamu po whaling activities

(Lusseau & Slooten, 2002), has started to recdwar this recovery to be unimpeded,
important areas such as breeding or feeding groundst be safeguarded from

deleterious impacts.

Although New Zealand, in its marine code of conduefuires actions to minimise the
impacts of marine activities, sometimes minimisisgnot enough. This approach,
planning based on cetacean’s distribution, alloaducing the impacts on cetaceans’
populations as well as potentially be benefit der@perations, e.g. seismic surveys
where the number of shutdowns could potentiallyréduced if these activities are
planned to take into account current knowledgeetd@ean distributions (Bombosch et
al., 2014). Above all, mitigation plans should x@nmpanied by research about the

effect of noise pollution and other anthropogerttvities that are affecting cetaceans,

® www.newzealandnow.govt.nz/work-in-nz/nz-jobs-intlies/oil-gas-jobs
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and other marine fauna; without studies of the otiffeness of various mitigations
measures, the ones currently employed are likelpeodeficient. Moreover, in my
opinion, the management plans currently requirethbyGovernment to issue licenses,
do not have as their primary goal the intent ofsesming species and ecosystems, in the

end; ecosystems that humans depend on for sulsten

5.5. Conclusions

In summary, extraction activities overlap with mast the ranges of the species
analysed, hence the high probably of deterioratialgitat quality and threats to extant
cetacean species. Species such as bottlenoserdglphiNationally Endangered species
with a declining population in New Zealand, has ptete range overlap with these
industrial activities. My exploratory study showsat MaxEnt can effectively model
cetacean habitat suitability in New Zealand; modai$ained were consistent with
published distributions. In addition, | obtained piontant information on the
environmental variables that best predicted patteyh habitat suitability for these
species. Furthermore, the predictive maps developeady thesis can be used (and
updated with new data) as planning tools to helpriise anthropogenic activities in
areas least important for cetaceans, i.e., outsideeding and breeding grounds and

thereby help mitigate the impact of industrial aties.

5.6. Future research

To develop more accurate and precise predictiorspfapure modelling should include
environmental variables that are specific for egabup of cetaceans (e.g. beaked and
baleen whales, small and large odontocetes). Thosldvtake into account the
ecological niche and requirements of the diffeignoups of animals. In addition, a fine
scale modelling approach would be beneficial taniife key areas such as foraging
areas, and thereby better inform the planning m®cEinally, future research could
apply MaxEnt to species that are less well studiece data becomes available. For
example, beaked whales are good candidates forefatoalysis, as they appear to be
highly sensitive to different anthropogenic sourctroise. Finally, the Chatham Island
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region is an area that requires more researchisnadpic due to the industrial activities
developed in that area and because of its knovanes of cetaceans.
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Chapter Six

Regulations for underwater noise
mitigation in New Zealand: an
International context
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Acronyms

AAM : Active Acoustic Monitoring.

ACCOBAMS: Agreement on the Conservation of Cetaceans in Blexck Sea,
Mediterranean Sea and contiguous Atlantic area.
ASCOBANS:. Agreement on the Conservation of Small Cetacé@atise Baltic, North
East Atlantic, Irish and North Seas.

EIA: Environmental Impact Assessment.

EZ: Exclusion Zone.

GIS: Geographic Information System.

GPS Global Positioning System.

IA: Impact Assessment.

IWC : International Whaling Commission.

km: Kilometre.

LIDAR : Light Detection and Ranging.

m: Metre.

MMIA : Marine Mammal Impact Assessment.

MMC : Marine Mammal Comission.

MMOs: Marine Mammal Observers.

MMPA : Marine Mammals Protection Act 1978 (New Zealand).
MMPA USA: Marine Mammal Protection Act of 1972 (USA).
MPAs: Marine Protected Areas.

nm: Nautical Miles.

N/S: Not specified.

PAM: Passive Acoustic Monitoring

PTS: Permanent Threshold Shift.
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SoC Species of Concern.

The Code The 2013 Code of Conduct for Minimising Acoudiisturbance to Marine
Mammals from Seismic Survey Operations.

The Commission Marine Mammal Commission (USA).

The Statemet Statement of Canadian Practice with respectaduitigation of Seismic
Sound in the Marine Environment.

TTS: Temporary Threshold Shifts.

UNCLOS: United Nations Convention on the Law of the Sea.
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6.1. Introduction

In the ocean, there are diverse sources of noisgilooting to pollute this environment.

Among these sources of noise, those that come $é®smic surveys and vessels have
prompted great concern because of their potenéigative and large-scale impacts on
marine fauna (Richardson, Greene Jr., Malme & Tlooni995; Weilgart, 2007b). For

example, the sound produced by seismic surveyitesiy which uses airguns whose
function is to expel high-pressure air into the avatolumn (Richardson et al., 1995),
are among the most intense of all anthropogeniccsswf noise, and its effect can have
important detrimental effects on marine animalacsithese activities, generally, are

carried out over large areas and long periodswé {iGordon et al., 2003).

During seismic survey activities and depending ¢ tspecific activity being
undertaken, single airguns or airgun arrays ard,geducing low-frequency sounds in
the form of pulses, with broadband source leveds tan range between 216-232 and
235-259 dB re 1iPa at 1 m (Richardson et al., 1995; See Chaptd8etause of some
frequencies produced by these seismic arrays qveita those produced by cetaceans;
studies have been conducted with the goal of ilémg the impacts of seismic
activities on these animals. Observed impactsedrogn physical and auditory damage
to masking, and the response to these include anog changes in vocal behaviour,
behavioural activities, respiration and swimmingtgras and temporary threshold shifts
(TTS) (e.g. Malme et al., 1985; Goold, 1996; Firameet al., 2002; Madsen et al., 2002;
McCauley et al., 2003; Gailey et al., 2007; Mil&ral., 2009, Di lorio & Clark, 2010;
Gray & Van Waerebeek, 2011; Lyamin et al., 2015dRivell et al., 2013; See Chapter
3).

Vessels are the major contributors of backgroundenim the oceans (Richardson et al.,
1995) and due to the fast-growing of marine touramound the world (Miller, 1993),
there are important concerns about the impacts wiatle-watching can pose on
cetaceans populations exposed to these activiiasrgd & Fennel, 2004). According
to O’'Connor et al. (2009), by 2008 there were 1Bioni people participating in whale-
watching activities in 119 countries around the ld/d©’Connor, Campbell, Cortez, &
Knowles, 2009). In New Zealand, where whale-watghsione of the most important
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industries, in 2008 there were 546,445 whale-watghdurists, who generated over $80
million in expenditure (O’'Connor et al. 2009). Digethe fast growth of this industry,

there has been an increase in research of the isnpadourist activities on marine

mammals, and a corresponding increase in the rigcésdave regulations to protect
targeted species (e.g. Erbe & Farmer, 1998; Nowatedl., 2001; Buckstaff, 2004;

Foote et al., 2004; Scheifele et al., 2005; AgdBato et al., 2006; Castellote et al.,
2012; Pirotta et al., 2012; Rolland et al., 2012idé&rwald et al., 2013; Rako et al.,
2013; May-Collado & Quifiones-Lebron, 2014).

Nonetheless, the development of effective laws #dagtquately regulate anthropogenic
noise impacts on marine mammals has been a taskh#sataken many years to
develop. At present, efforts are still in the aitstages where laws have been written
but not completely executed or are in need of nvestigation to attain a wider and
more comprehensive perspective of efficient mednmitigation. New Zealand has
enacted National Legislation and Government Pdicgech as the Marine Mammals
Protection Act 1978, Fisheries Act 1996, Marine Naats Protection Regulations 1992
and NZ Biodiversity Strategy, which are continungvolving to provide effective
assistance for the conservation management of enanammals (Suisted & Neale,
2004, p. 75-76).

In this chapter, key policies for underwater norgégation are described and compared
with methods described by international associatitm identify faults within New
Zealand'’s legislation that could be improved. Thassociations include thgreement

on the Conservation of Cetaceans in the Black Blediterranean Sea and contiguous
Atlantic area(ACCOBAMS), Agreement on the Conservation of Small Cetaceans in
the Baltic, North East Atlantic, Irish and North &e(ASCOBANS) and the
International Whaling CommissioAnother guidelines included are tl&¢atement of
Canadian Practice with respect to the Mitigation $€ismic Sound in the Marine
Environment and for commercial cetacean watching activitigsidelines from
Australia, Ireland and Canada are also used. Auitly, an overview of general
mitigation measures by th&nited Nations Convention on the Law of the Sea
(UNCLOS) and theMarine Mammal CommissidrReport of USA are included.
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6.2. Regulations for seismic survey activities

6.2.1. General specifications by UNCLOS and Marine MammalCommision, USA

6.2.1.1. UNCLOS

Section XllI of The United Nations Convention on the Law of the $SEAICLOS)
outlines the protection and preservation provisifrsthe marine environment. These
measures are to prevent, reduce and control atceswf pollution (including noise
pollution) in the marine environment. States muaberate an assessment of potential
pollution effects when they undertake activitiesttthave genuine grounds to be
considered a pollutant or to cause harmful changethe marine environment. This
assessment should then be reported to relevamati@nal organizations, which in turn
make these assessments available to all Stategerieral, the guidelines encourage
States to implement actions ‘to prevent, reduce e@omtrol pollution of the marine
environment from any source’ (UNCLOS, p. 100), Wkse to avoid activities that
negatively affect other States, or in case of aajomincident, that this ‘does not spread

beyond the areas where they exercise sovereigsTrigiNCLOS, p. 100).

States should not interfere with the activitiesottier States without justification and
any activities should be undertaken within theghts according to the Convention.
Protection and preservation measures must incladplé ecosystems and endangered
habitats species. The convention also specifies abtions should be undertaken to
reduce and control pollution derived from the u$éechnologies, and not ‘transform
one type of pollution into another’ (UNCLOS, p.10Global and regional cooperation
must be undertaken through international orgameatcreating rules, procedures, etc.,
that are consistent with the Conventions to praaed preserve the marine environment
(including regional features). In the case whei®tate has relevant information about
hazards within the marine environment due to paliytall potentially affected States
and relevant international organizations must bg&fiad immediately to eliminate,

prevent or minimise damage (UNCLOS, p.102).
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In summary, the cooperation among States includespromotion of studies and
scientific research to facilitate the exchange woforimation data and, with this
information, participate in regional and/or globalogrammes to assess pollution
impacts and preventive actions. The informatioruaegl will enable the cooperation of
States and international organisations in the eabf ‘rules, standards and
recommended practices and procedures for the ptrenreduction and control of
pollution of the marine environmén(UNCLOS, p.102) based on solid scientific
criteria. UNCLOS establishes a baseline: States holiserve, measure, evaluate and
analyse the risks or effects of pollution of thaimaenvironment(UNCLOS, p.103),

use appropriate scientific techniques, and dissataithese findings among all States.

6.2.1.2. Marine Mammal Commission, USA

The Marine Mammal Commission (the Commission) wasted under Title 1l of the
Marine Mammal Protection Act (MMPA) of 1972 as axdependent federal agency
with the primary aim of supervising the implemeitat of the MMPA. The
Commission prepares an annual report identifyirggrtfain priorities regarding marine
mammals at scientific and management levels, antsesl other federal agencies on
fulfilment of requirements stated within the MMPAhe 2007 report, “Marine
Mammals and Noise: A Sound Approach to ResearchMadagement”, addresses
findings regarding anthropogenic noise and its a$fe“survey acoustic ‘threats’ to
marine mammals” (MMC-US Marine Mammal Commission,iip and prevention
methods aiming to reduce these risks. Under secttih VIII and 1X the Commission
discusses regulations of taking by anthropogeniendp mitigation measures and

monitoring and reporting activities (discussed glo

To protect marine mammals and yet not impede sopotlutant activities

unnecessarily, the MMPA stipulates five authormadi that oversee and permit
activities that relate to ‘taking’ of marine mammal) scientific research permits, 2)
small-take authorizations, 3) incidental harassnarhorizations, 4) waivers, and 5)
sound incidental to commercial fisheries (MMC-USria Mammal Commission, p.
26). ‘Taking’ is defined as ‘to harass, hunt, capfwr kill, or attempt to harass, hunt,
capture, or kill any marine mammal’ (Marine MamrRabtection Act of 1972, 2007, p.

7), and ‘harassment’ is defined, under the 1994naiments, as “any act of pursuit,
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torment or annoyance, that has the potential toenjLevel A Harassment) or to disturb
(Level B Harassment) a marine mammal or stock ia wild (Marine Mammal

Protection Act of 1972, 2007, p. 8). In generadketaauthorizations require mitigation
measures that can be compiled into four categofigsnodification or removal of a
sound source, 2) sound attenuation, 3) temporapatial limitations on use of the
source, and 4) operational requirements. Additignahonitoring and reporting are

required.

To design and develop an effective real-time momgpplan, information about spatial
and temporal characteristics like distribution, &e&bur, use of habitat, social structure,
and how anthropogenic sound affects the specidéiseofrea where activities are going
to be undertaken, should be considered. This irdtion can be obtained by using data
from a range of sources collected from appropmatmitoring information of marine
mammals. Nevertheless, the Commission considersntbdification or removal of a
sound source as the most effective way of mitigatiSometimes the complete
prohibition of noise sources is undertaken bug & limited practice (MMC-US Marine
Mammal Commission, p. 31). Instead, frequency adegts, intensity and duration of
sound and other modifications are proposed as atitig methods. Reductions on the
use of high-intensity sound sources improving tigma processing or adjusting the
focus of the source energy, as well as the usedbnblogies that decrease the noise
produced by ships are examples of modification oethMMC-US Marine Mammal
Commission, p. 31). It is recommended that thesthods be adequately studied to

reduce the probability of accidents with marine maats less apt to detect quiet ships.

Sound attenuation methods are an effective mearedating sound and the expansion
of sound through the water column, without modifythe source itself. These methods
are mainly used around stationary sources, but ey also been used for moving
sources. Bubble curtains, blasting mats and damgestireens are examples of these
methods (MMC-US Marine Mammal Commission, p. 31lpat&l and temporal
measures are a more specific means of regulategish of sound. These methods are
more effective when the distribution, behaviouitet use and other information of the
specific species of marine mammals in the areaevaetivities are to be carried out, are
known (MMC-US Marine Mammal Commission, p. 31). $keneasures are aimed at

avoiding activities or controlling them, depending knowledge of spatial factors
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influencing the species found there, i.e. whetherd is a critical area for breeding, a
protected area or a migratory route, and tempai@bfs such as a breeding or calving
season and migratory periods. A combination ofiapahd temporal limitations can be

used (MMC-US Marine Mammal Commission, p. 31).

Other mitigation measures include ramping up, ahoeethat is used to allow time for
marine mammals to leave the zone; however, itgaffi has not been demonstrated.
Another method is to establish safety zones ardbhadsound source and monitor the
presence of marine mammals entering the zone (MME-Marine Mammal
Commission, p. 32). If a marine mammal is detecéadiyvities must be suspended or
altered until the mammal has left the area. Thithow however, is hard to implement
because marine mammals are difficult to detect emegood conditions and in poor
conditions detections decrease considerably (MMCM#&ne Mammal Commission,
p. 32).

6.2.1.2.1. Monitoring and reporting

Permit holders are required, typically, to monéod report on marine mammals, using
visual observation and, sometimes, passive acousbicitoring. These activities are
essential to determine mitigation measures efficawy to better plan activities that use
or produce sound (MMC-US Marine Mammal Commissiofille most common
method to detect marine mammals is visual monitpri@bservers can be trained
biologists as well as crewmembeRassive Acoustic Monitoring (PAM)ystems are
also an essential part of mitigation procedureenEtough, some species that do not
produce sound cannot be detected, PAM is very @fteavith those species that
produce sound, and complement visual monitoringichvhs limited regularly by
weather factors, location, and even natural behasiof the species (MMC-US Marine

Mammal Commission).

Active acoustic monitoring (AAM) is also a supplemtery mitigation activity. This
method consists of high frequency pulses emittedetect echoes (MMC-US Marine
Mammal Commission). These echoes are expected toobe marine mammals but
sometimes can be produced by other objects, wkicdné of the disadvantages of this

method, as well as the method itself being an addedce of anthropogenic noise for
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marine mammals. Other methods that have shown seffi@ency in detecting
mammals are radar, infrared detection, and LIDARyI{t Detection and Ranging)
(MMC-US Marine Mammal Commission, p. 33); noneths|esince these methods are
limited to detecting animals at or near the surfalsey do not effectively detect small

animals or those species that spend long peridunstiged.

6.3. General scopes of the seismic guidelines analysed

6.3.1. New Zealand

Regulations for seismic survey activities in Nevaldad are compiled in the 20Cdde

of Conduct for Minimising Acoustic Disturbance taafihe Mammals from Seismic
Survey Operations (the Codgeyhich was developed under tiarine Mammals

Protection Act 197§MMPA) and is administered by the Department ohgxrvation.

The Code applies to marine survey activities cdroat in New Zealand continental
waters and is divided into Level 1, 2 and 3. Levslurveys (>427 cubic inches) include
large-scale geophysical investigations, commoniyofband gas exploration activities.
Level 2 (151-426 cubic inches) include lower sca@smic investigations often
associated with scientific research. Finally, Le¥alurveys (<150 cubic inches) include
all other small-scale seismic survey technologees] are considered to be of low
impact and risk (Department of Conservation, 2043,6). The activities covered

include procedures executed before, during and aftgven activity.

All Level 1 surveys are the principal target of T@ede; Level 2 surveys have similar
mitigation procedures; while Level 3 surveys aré¢ subject to The Code. Likewise,

seismic surveys must follow this classification@tciing to the power of the sound used
by each specific investigation. Each Level mustofel a specific planning process,

except Level 3 (since these vessels are not subjedihe Code) (Department of

Conservation, 2013).
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6.3.2. ACCOBAMS

Resolution 4.17 of the guideline namedGuidelines to address the impact of
anthropogenic noise on cetaceans in the ACCOBAM& ,arACCOBAMS has
established a series of mitigation measures fogrder sources of anthropogenic sound
within the areas covered by this agreement. ACCOBAd#&scribes general guidelines
to address the impact of noise and also specifiesttitigation measures for precise
activities: general and specific guidelines forse@c surveys activities are included
(Pavan, 2007).

6.3.3. ASCOBANS

The Agreement on the Conservation of Small Cetexcearthe Baltic and North Seas
(ASCOBANS) in its final report of the ASCOBANS Imbessional Working Group on
the Assessment of Acoustic Disturbance describeeries of recommendations for
mitigation procedures, both general and specifiditferent sources of anthropogenic
noise. Recommendations found in this documentedaar¢éhey point, “mainly adapted
from sections 5.7 and 5.8 of the ACCOBAMS anthragrog noise guidelines”, and it is
encouraged that they be used within the ASCOBANSG ASCOBANS, 2010).

6.3.4. Statement of Canadian Practice with respect to thditigation of Seismic
Sound in the Marine Environment (The Statement)

Mitigation measures for seismic survey activities Canada are outlined in the
Statement of Canadian Practice with respect toMiggation of Seismic Sound in the
Marine EnvironmentThis Statements a compilation of mitigation measures made by
the federal and provincial government and whichag of a bigger review on possible
effects of seismic survey activities, carried agdther with national and international
scientific experts in 2014. Th8tatementaims to be implemented in tandem with
current environmental assessment processes andentiséing regulations for seismic
activities. The mitigation measures apply to alh@dian marine non-ice covered waters
and seismic activities that use air source arrkighéries and Oceans Canada, 2014, p.
2).
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6.4. Mitigation measures for seismic survey activities

6.4.1. Planning stage

6.4.1.1. Impact Assessments

Under New Zealand’s Code, all operations must ptegsewritten marine mammal
impact assessment (MMIA) to the Director-Generatady as possible or at least one
month prior to the start of the action. This paraifundamental planning procedure for
conducting seismic survey activities and this assest must be available for
consultation by any observer. Similarly, ACCOBAM&daASCOBANS request an
Environmental Impact Assessment (EIA) before pesmrs is granted to start any
activity. Furthermore, ASCOBANS, within their seigsnsurveys mitigation procedures,
point out that the most important action at thiagst is that the EIA needs to be
transparent and useful for spatiotemporal avoidaneasures. Finally, Canada applies
the form of an environmental assessment processendil the possible negative effects
of planned activities are identity priori, and are mitigated during the execution of the

seismic activities.

6.4.1.2. Sensitive areas

In New Zealand’s Code, it is stated that for leYelnd 2 surveys, special care must be
taken to minimise the impacts of surveys intendedbé undertaken in Areas of
Ecological Importance, including marine mammal s$amges. In addition, these
activities should not be planned during key biotadjperiods such as breeding, calving,
resting, feeding or migrating seasons. If thera idemonstrated reason for work to
commence in these particular areas and timefrarpesponents must elaborate
mitigation measures in agreement with, and undeicadrom, the Director-General of
Conservation. ACCOBAMS also states that all ag@gitshould be planned and
executed to avoid critical areas where animaldikety to be encountered. Hence, for
both protocols, data on cetacean spatial and sebdmtributions are necessary during
the planning stage. Closed areas, cetaceans’ Wajatsga and marine protected areas
should be avoided, and appropriate buffer zonest rbes defined around them.
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Databases/GIS must show detailed tracking histérgnthropogenic noise and other
anthropogenic threats to overview cumulative impadtthese activities. Seasonal and
historical impacts from different activities withthe specific survey area and nearby

regions must also be collected.

For ASCOBANS, the regulations state that MPAs, kerine mammals habitats and
high marine mammal density areas should be avoitleel.avoidance measures include
year-round and seasonal restrictions, buffer zamelsthe selection of ‘low-risk’ zones

where it is possible to execute activities withbatming marine mammals. During this
planning stage, modelling of data including marmammal abundance, distribution
and habitat should be thorough, taking into consititen the characteristics of sound
propagation according to the oceanic features efdgpecific location and operation
mode that is going to be used. In comparison, Casaaitigation actions during the

planning stage highlight the necessity to plan éesign seismic survey activities with
general consideration to the objectives of knowtigaiion measures. In particular, to
avoid known areas critical for the life cycle andlbgical functions of marine

mammals and marine fish, such as migration perio@®ding and feeding times.

6.4.1.3. Species

Although the guidelines outlined above have besessed primarily for a very specific
group of organisms, mainly limited to cetaceanseptmarine life may be protected.
For instance, New Zealand’s Code also encouraggmpents to expand their planning,
to not only protect marine mammals, but also td fimtigation methods to protect other
key species such as turtles, penguins and sealiikiswise Canada, also seeks to
protect fish and turtles. In contrast, in the anisre ACCOBAMS and ASCOBANS

apply, only cetaceans are considered.

6.4.1.4. Minimising sound output

As a mitigation measure, some guidelines choosmitomise the amount of noise
generated by human activity in the ocean. New ZebdaCode states that proponents
should estimate the lowest power levels of the siiogource at which their operations

are possible to be undertaken without compromishe activities effectiveness and

115



bounding operations to those levels. If PassiveuAtio Monitoring (PAM) is included
as a mitigation instrument, then the PAM operabmutd be involved during the MMIA
preparation to guarantee accurate equipment sgaoins. For its part, Canada
establishes that activities have to be designed/éod unnecessary production of sound
thus employing the minimum energy to obtain theveyrgoals, reduce or regulate
horizontal sound propagation and limit the useighlrequency sound to those strictly

necessary to undertake activities.

Similarly, ACCOBAMS says that the lowest practi@ldource of power should be
used, but ACCOSBAMS also suggests that the homoptopagation should be

controlled using suitable array configurations,spukynchronization and eliminating
unnecessary high frequencies. In addition, the exatjog of seismic lines should be
adapted so as to avoid blocking escape routes dmehaver possible anticipating
animal movements across the area. ASCOBANS presenbre detailed mitigation

plan in this aspect. They define mitigation progedufor both sound sources and
operational procedures. For sound-based mitigatjoigelines include modification

procedures such as rise time, wide beam pattang,darations and duty cycles, etc., to
decrease noise emissions. ASCOBANS also recomnteaitdnbise sources use the

minimum level of power necessary to achieve thanea activities.

6.4.1.5. Exclusion Zone

The exclusion zone (EZ) is defined as the areaiusqdvhere real-time mitigation
measures are applied when an animal is detected @@olman, 2007). Since it has
been found that survey related sounds can causgotany threshold shift (TTS) or
permanent threshold shift (PTS) if the animal issel to the sound source, this
mitigation measure has gained importance (Richardsb al., 1995; Crompton,
Goodwin, Handy & Abbott, 2008). For its part, Caaatates that a minimum safety
zone of 500 m must be established around air s@rregs and must be monitored. The
500 m zone may be expanded, if during the envirataheassessment process other
relevant oceanographic futures are considered iafli@nce sound propagation beyond
the minimum area. In contrast, New Zealand hasGan2@&Z for delayed and soft starts
in general, but in the case of Species of ConcgaC} with calves a 1.5 km EZ is used
and a 1 km EZ for other SoC. Alternatively, ASCO®? states that the EZ must be
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designated dynamically according to the sourceatharistics, the species in the survey
area, and the propagation characteristics in tha. a&rhus, EZ should be expanded to
prevent disruption in behaviour of the animals|agy as the received noise levels are

low or noise emission can be controlled withoueetiihg the seismic activities

Finally, ACCOBAMS states that the EZ must be desigd using both scientific and
precautionary bases. The EZ should be modelledyuki characteristics of the source,
expected species in the area and local propagtgaiares and be verified in the field.
In case of several EZ, the most precautionary apsimould be adopted. An expanded
EZ may be established when the aim is to reducawetral disturbance rather than
just reduce direct harm. In addition, similarlyNew Zealand, an expanded EZ zone

may be possible in order to reduce disturbancenfmine mammals.

6.4.2. On board stage

6.4.2.1. Marine Mammal Observers (MMOs) and PassivéAcoustic Monitoring
(PMA)

MMOs are a common mitigation measure used to detect adsin the project’s
influence area. The objective of MMOs is to detesgnitor and identify animals of
interest within the safety zone (Crompton et a00&. A complementary detection
method is the deployment of underwater microphdhgdrophones) that detect sound,
this are known as Passive Acoustic Monitoring (PAl)technique mainly used to
detect cetaceans. PAM consists of a series of pdies towed behind the seismic
vessel able to detect vocalizing cetaceans (Cramptaoal., 2008). Both MMOs and
PAM mitigation measures are suggested in sevemsl&ions. For example, New
Zealand establishes that during Level 1 surveyeetBbould always be two qualified
MMOs and two qualified PAM operators on board (fevel 2 PAM is currently
optional). When the acoustic source is in the wdtemg daylight, at least one MMO
and one PAM operator should be on watch. Nonetbglelsservation activities are
encouraged at all other times.

Likewise, ACCOBAMS and ASCOBANS state that therestrhe two MMOs on watch
at one time and at least one PAM operator on waéM operators shifts should be

117



designed to allow 24 hours operation or a proverd aeliable automatic

detection/alerting system should be available. MMEDsl PAM operators must be
qgualified and experienced, and must be approvedréebperations start. Finally,

Canada legislation only required one MMO on boardrdy each activity and PAM is

only required during low visibility, bad weathehwut down for more than 30 min, safety
zone not fully visible and when the encounter abceans is highly likely. Both the
MMO and the PAM should be qualified.

6.4.2.2. Pre-start observations

Pre-start observations are made by the MMOs bdfmestart of activities (Weir &

Dolman, 2007) in order to confirm the absence afails within the EZ. New Zealand

regulations state that the acoustic source aabivatian only be made within the
specified operational areas and when there hava heedetections of any marine
mammal in the mitigation zones. Pre-start obsemmatequirements are specified for
daytime and night-time. During daylight, the souoaa be activated only if the area
around the source has been permanently monitoredtbieast one MMO using

binoculars and the naked eye from the bridge aglaen place and no marine mammals,
except for fur seals, have been detected in trevaiat mitigation zone for at least 30
minutes. In relation to fur seals, source activattan only be made if there have not
been detections for at least 10 minutes. PAM masebeen undertaken for at least 30
minutes prior to activation and no vocalising cetats have been registered in the
relevant mitigation zone. During night-time and paasibility, the source can be

activated only if PAM has been undertaken for aste80 minutes prior to the activation

and no vocalizing cetaceans have been recorded.

However, when operations are going to be executedrnew location for the first time,
the source activation must not be carried outgtitror during poor sighting conditions,

except under the following conditions:

* When no marine mammals have been observed by th©$Mdr at least 2 hours
prior to the operation starting. The observatiomsehto be made during good
sighting conditions and within 20 nautical milesttoé start-up location; or
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* Where less than 2 hours of observations have bederiaken (within the 20
nautical miles and under good sighting conditionts)s required that 2 hours of
PAM monitoring and two MMOs have carried out visaabnitoring for the same
length of time, and no SoC have been detecteddditian, no fur seals have been
detected in the 10 minutes prior to the operat@md no other marine mammals

have been detected in the preceding 30 minutdseddperation starting.

For Level 2 surveys, the above-mentioned conditepdy but if observations are only
being carried out by MMOs, start-up procedures aciive surveys can be executed

only if:

» 24 hours of active survey operations, under gogttisig conditions, have been
conducted and no more than three shutdowns or ekblagarts due to marine

mammals’ presence have occurred, or

» If the 24 hours of active survey operations havebsen conducted, MMOs have
carried out observations before activities stadt ander good sighting conditions for
at least two hours within a radius of 20 nm of pneposed start-up position and no

detections of marine mammals have been made.

In addition, New Zealand’s Code has a special ¢mnrdirelating to the presence of
cetaceans with calves, SoC and other marine mamih#igre is a detection of at least
one cetacean with a calf within 1.5 km of the sedar level 1 surveys and within 1 km
for level 2 surveys, either during pre-start obagons or when the acoustic sources
have been activated, activities will not be resumetd animals have left the area or 30
minutes has passed since the last time the grogpsean within the EZ. The same
conditions apply when there is a detection of Sathiw 1 km for level 1 surveys, and
600 m of the source for level 2. Finally, if thesea detection of any marine mammal
within 200 m of the source during pre-start obskovs before the initiation of the
acoustic source, activities will not begin untiiraals leave the area or 30 minutes has
passed and no mammals have been detected, or L@emimave passed since the last

sighting of a New Zealand fur seal within 200 ntha source.
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ACCOBAMS requires that there be 30 minutes of dmeéid watch to detect animals
before starting any sound emission. In deep-watsasawhere beaked whales have been
detected diving on the vessel trackline or if tlessel is approaching habitats suitable
for beaked whales, 120 minutes of dedicated watehreguired so as to increase the
probability that deep-diving species are detectedaddition, it is required that there
must be two MMOs on watch at one time and at leastPAM operator on watch. At
night, during low visibility periods, significanuigace-ducting conditions (irregular sea
waves), or during weather conditions that prevastial detection of mammals, high
power airgun configurations are prohibited. PAM wdobe used to improve detection
capabilities and is mandatory for operations tmatcarried out at night or under poor
visibility. However, PAM may not be suitable forghit operation if cetaceans in the

area do not vocalize or their vocalisations ar@atlilt to hear.

In the ASCOBANS region, to ensure that there atenmarine mammals in the EZ, 30
minutes of watch must be done before starting samigsions. ASCOBANS follows
the European Cetacean Society Resolution on ASomar & Beaked Whales, so it is
required to extent the watch to 120 minutes if leeakhales have been seen. However,
sonar exercises should be avoided in areas whaletavhales are known to occupy.
Finally, in theStatemenbf Canada there must be one qualified MMO on boat is
required to make observations of the safety zonenglu30 minutes prior to the
activation of the seismic air source array. MMOdtddkeep continuous watching while
the source arrays are active and there is vigitwhithe safety zone.

For all protocols across regions, monitoring using-visual sources, such as PAM, are
required when poor visibility is low. New measurefs detecting vocalising marine
mammals are being studied and probably will be usetthe future, among them are
radar, infrared detection and adaptation of fishimdustry ‘fish finder’ technologies.
PAM or any other technology for detecting vocalgzicetaceans is required when the

following circumstances:
* There has been a shut-down of the sound sourcag lasting more than 30

minutes;

» The safety zone it is not completely visible;
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* The activities are being undertaken in an area a&hbe presence of
cetaceans is highly possible, or
* Within the area, there is a high probability of @mcter cetacean species that can be
negatively affected by the seismic sound at a @ level, previously identified

during the environmental assessment process.

6.4.2.3. Soft start/ramp up

Canada’s legislation states that to activate thendosources a start-up technique is
required, which consists of starting the activatismng a pulse from the array with the
lowest energy and gradually activating the othemslosources in a pre-established time
frame. This approach is implemented to allow manmemmals and fish to leave the
area (Weir & Dolman, 2007). In cases where only emergy source is employed, such
as vertical seismic profiling activities, and whegchnically possible, the start-up
technique will consist in gradually augmenting gwnd intensity until it reaches the

necessary power for the planned activities (Figisesind Oceans Canada, 2014).

For its part, New Zealand’s Code encourages saftssevery time a source is turned
on. The power must increase for at least 20 minrandnore than 40 min. In a new
location, soft starts are allowed after two MMOséaone observations for two hours,
within 20 nm in good sight conditions. If visualnmbtions are not favourable, two
hours of PAM and two of MMOs for SoC should be iepkented, with no fur seals
being detected for 10 minutes and no other mariaenmals being detected for 30
minutes prior to commencement of sound activatibims mitigation measure is not
required after stopping the source for a breakiring of less than 10 minutes and no
detections have been made. In contrast, ACCOBAM& AS8COBANS have less
specific definitions concerning this mitigation rsaee. However, their legislations say
that this procedure should be applied every timewace is turned on to allow cetaceans

that were not detected, to leave the zone.

6.4.2.4. Delays and shut-downs

Delayed starts and shut-downs, which consist afiigr off all sources of noise, are
applied when a protected animal enters the EZ. Mealand's Code states that these
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procedure should applied for SoC with calves ifytlaee found within 1.5 km; SoC
within 1 km of the EZ or for other marine mammalshim 200 m.. ACCOBAMS and
ASCOBANS require that if cetaceans are observelinvthe EZ or approaching it, the
beginning of the operations should be delayed 3futas after the animals leave the
zone or have been last seen, for beaked whale@0sniinutes. Canadian guideline
states that the start of operations should be ddlayhen cetaceans (including marine
mammals listed in the Schedule 1 of the SpecieRisit Act) or turtles have been
detected. After that, a soft-start procedure cammence after 30 min without

detections or when animals have left the zone.

For their part, ACCOBAMS and ASCOBANS require sluwtth when marine
mammals enter the EZ or whenever aggregations loexable species (e.g. beaked
whales) are detected anywhere within the are&elfetis any irregular stranding during
the noise activities then in addition to a shutdpayperators must consult with relevant
government agencies and experts. Canadian legislagquires that if a marine
mammal or sea turtle is detected entering thesatete, operations must be shutdown.
When active survey operations cease the energgeounust be entirely shutdown to
decrease unnecessary sound emissions or have mmalyoorce operating as a deterrent

for cetaceans or turtles.

6.4.3. Post seismic survey stage

6.4.3.1. Recording and reporting

New Zealand’s Code requires that all the data takemg the execution of the seismic
survey activities should be recorded, and presewiddn 60 days of the end of the
survey. This report will be delivered in a standsed format and will detail, among
others, the qualifications of those involved in etstions, observer effort, methods,
specifications of the seismic source array, GP&ktiags of vessel movements, and

totals for seismic source operations and powetldesmmployed.

Sighting/acoustic detection records of cetaceanstnmdicate all the information
specified in the Code. This includes method of cteig, position of vessel/acoustic

source, distance and bearing of marine mammalgiveldao the acoustic source,
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direction of travel of both, and vessel and marmammal numbers. In addition,
observers have to submit all raw datasheets witdirdays of the end of the survey.
This information will be confidential, but marineammal data will be made public to
enlarge and improve information for areas of ecoligmportance and to be used for

analytical research. This specification appliesbioth level 1 and 2 surveys.

As in New Zealand, ASCOBANS require all data cdalelcduring monitoring activities
to be reported to improve and evaluate mitigaticgthods. These data must be taken
responsibly and must provide information about fmsseffects on animals. Its
compilation is the responsibility of the MMO workinon the mitigation measures
within the specific project. This monitoring proseams to look for changes or absence
of changes in behaviour, spatial distribution, atamcte and reproductive success.
Notably, control data must be taken to make corspas in these aspects. When
developing activities under permit, recording okual observations and acoustic
monitoring, must be done precisely. Abnormalitiesoehaviour and distribution must
be recorded with respect to small and large spatiporal scales, and whether changes

are temporary or permanent.

Data must allow differentiation among changes peceduby seismic or sonar activities,
natural factors or other human activities. There gpecific requirements regarding
Post-Activity Monitoring and Reporting, which stathat all data from whale
observations have to be in the public domain. Brata monitoring activities, regarding
seismic or sonar operations, should be includextudies focussed on variations in the
distribution of whales. In addition, data from mtoming activities should be included
with other ‘oceanographic data and to the automagjging of ship tracks and acoustic
source use’ (ASCOBANS, 2010, p. 16) and ‘if reqdjrendependent monitoring
stations could be used to monitor noise levelsifierdnt ranges from the source’
(ASCOBANS, 2010, p. 16).

ACCOBAMS states that the most important requirenietd present an accurate report
to verify the environmental impact assessments YEAd the effectiveness of the
mitigation plan. In addition, like ASCOBANS, boteaommend sharing of data to

avoid duplicate surveying. Lastly, Canada doesimgdtude any requirements for post
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seismic survey activities in its Statement. Theigatton measures addressed here are
summarised in Table 7.1.
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Table 7.1.Summary of some marine mammal mitigation measwed during seismic surveys.

The Code (N2)

ACCOBAMS

ASCOBANS

The Statement (Carda)

Area covered

New Zealand continental waterg

Black and Mediterranean Seas a
Contiguous Atlantic Area.

1%altic and North Seas.

All non-ice covered marine
waters in Canada.

Impact

assessment Yes Yes Yes Yes

required?

. Marine mammals and other key . —

Species S . Marine mammals, marine fish,
species: turtles, penguins and | Cetaceans Cetaceans

covered . turtles.
seabirds.

, Areas of Ecological Importance,| Cetacean’s key habitats, MPAs | MPAs, key marine mammal Avoid areas cr|t|_cal o the_In‘e
Regional cycle and biological functions

restrictions

mammal sanctuaries, sensitive
ecologically important areas.

brand closed areas, areas of high

cetacean density.

mammal density.

habitats and areas of high marine

of marine mammals and marin
fish.

Seasonal
restrictions

Yes, for SoC.

Yes

Yes, within MPAs and key
marine mammal habitats.

Yes

Sound output

Determine the lowest practicabl
power levels required to
undertake activities.

D

Use the lowest practical source 0
power. Limit horizontal
propagation using an effective
array configuration and pulse
synchronization. Eliminate
unnecessary high frequencies.

f Use the lowest practical source
of power. Limit horizontal
propagation using an effective
array configuration and pulse
synchronization. Eliminate
unnecessary high frequencies.

Avoid unnecessary production
of sound employing the
minimum energy. Reduce or
regulate horizontal sound
propagation and limit the use
high-frequency sound to whers¢
strictly necessary.

Df

D

Exclusion Zone

1500 m for SoC with calves.
1000 m for SoC.
200 m for other marine

Designated dynamically accordin
to the source characteristics, the
species in the survey area and th
propagation characteristics in the

gDesignated dynamically
according to the source
echaracteristics, the species in th
survey area and the propagatio

e500 m
X

mammals. AT
area. characteristics in the area.
MMO. Two qualified MMOs on board. | Two MMOs on watch at one time Two MMOs on watc \.NatCh _at all timess One MMO _on board.
guidelines on every operative ship.
One PAM on watch. 24-hour PAM is only required during
Two qualified PAM operators. | One PAM on watch. 24-hour monitoring. PAM can be low visibility, bad weather, shu
PAM (For Level 2 surveys, PAM is monitoring. PAM can be replaced replaced when proven automatic down for more than 30 min,
guidelines optional.) 24-hour monitoring. | by an automatic detection/alerting detection/alerting systems are | safety zone not fully visible an
system. available. when the encounter of
cetaceans is highly possible.
Pre-start 30 min at least one MMO, 10 30 min two MMOs and &#éM. | 30 min, two MMOs and one 30 min, one MMO.
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observations

min for fur seals. 30 min PAM.

2 h where presence of beaked
whales is probable.

PAM. 2 h where presence of
beaked whales is probable or h
been observed

ad

Soft start/ramp
up

Every time a source is turned on.
Power increases at least for 20
min and no more than 40 min. In
a new location: 2 h, two MMOs
within 20 nm in good sight
conditions. If not, 2 h PAM and
two MMOs for SoC, 10 min for
fur seals, for other marine
mammals 30 min.

Every time a source is turned on.
(Duration is not stated.)

Every time a source is turned on.

(Duration is not stated.)

Every time a source is turned
on. (Duration is not stated.)

Delayed starts

For SoC with calves within 1.5
km. SoC within 1 km detections
Other marine mammals within

200 m detections. Then soft start.

For cetacean detections. Then sq
start.

fiFor marine mammal detections.
Then soft start.

For cetacean or turtle
detections. Then soft start.

For SoC with calves within 1.5
km or SoC within 1 km. For

Cetaceans enter the EZ or

Cetaceans enter the EZ or

A marine mammal or turtle

Shut-downs other marine mammals within vulnerable species are detected. | vulnerable species are detected. enters the EZ.
200 m.
Day-time Minimum one MMO and one Two MMOs and one PAM Two MMOs and one PAM One MMO and one PAM
. operator (when required).
operations PAM operator. operator. operator.
. . . High-power airgun configurations| High-power airgun
yrljge?;tti'g?g 30 min of PAM and MMO. should be prohibited. PAM is configurations should be PAM is required.

mandatory.

prohibited. PAM is mandatory.

Poor weather
conditions

Source cannot be activated unti
at least 30 min PAM and MMO.

High-power airgun configurations|
should be restricted. PAM is
mandatory.

High-power airgun
configurations should be
restricted. PAM is mandatory.

PAM is required.

Recording and

. Yes Yes Yes Not specified.
reporting
Stranding networks during
Stranding networks during operations must be reported angd
h ¢ losi : b d if required the coast should be
Other items The use of explosives as an operations must be reported.

acoustic source is forbidden.

Data sharing must be done to avq
duplicate surveys.

)iawonitored for deaths. Post-cruiseNone

surveys to prove or discount any

irregular deaths as a possible

consequence of the activities.
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6.5. Regulations for whale-watching

The International Whaling Commission offers a gahéramework under which each
country or region can establish their own whaleelettg regulations according to their
situation. The International Whaling Commission’sidglines for whale-watching
activities are divided into three parts, coveritg tdevelopment of whale-watching
activities, platforms and interactions (InternatibiWhaling Commission, n.d.).

1. For an appropriate management of whale-watclaatyities guidelines are as
follow: implement regulations on platforms regagli “size, number, activity,
frequency and length of encounters”. Additionaltpotion for enclosed areas or due to
season should be developed; assess the amourtt#hudicn and other important
characteristics of the target population preserih@éarea where activities are going to
take place; monitor the measurements implemented naodify them if necessary
according to their effectiveness; new whale-watghactivities must be developed
gradually, controlling activities until enough imfoation is obtained to expand the
activities; management actions include scientiéisearch and collection of information
regarding operations, cetaceans and impacts, imgjuatoustic impacts; operators and
staff must have training in biology and behaviofittee target species, and must be
informed about whale-watching activities and abitngt measurements to decrease the
impacts of these activities; and provide approprieducational material to the public

involved in whale-watching activities.

2. Platforms: any platform should be designed, taaed and operated to decrease any
negative impact on cetaceans and their surroundopgators must know the different
responses of each target species to sounds aheé sbtinds of their own vessel when
operating to decrease as much as possible distudmonds; a vessel with a proper
design and operative protocol can reduce the ramsethe risk of injure on cetaceans;

tracking whales should be possible for operatoasiéncounter occurs.

3. Interactions: any interaction and its durationsinbe determined by the cetaceans;
operators must be aware about signals of distugbamd have knowledge about

behaviour and sounds produced by cetaceans; maxptaifarm speed should be set in
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accordance with that of the cetacean; cetaceans Ibeuspproached from a correct
position and an appropriate distance must be maedaalthough a friendly interaction
with a whale may be welcomed, contact must notdbeely sought; abrupt changes in
speed, direction and noise should be avoided; speduection must not be changed in
order to prevent cetaceans leaving the area; dbeat off, encircle, pursue or separate
groups; approaches to mothers with calves, calvegi@niles must be made with
‘special care’; cetaceans must be able to detattopins, even though zero production
of noise during operations is expected, undeteglatforms can cause distress to

cetaceans.

6.5.1. Mitigation measures for whale-watching activities

6.5.1.1. Permits and impact assessment

Some regions have guidelines that require obtaiaipgrmit prior to the start of whale-
watching activities. In the case of ACCOBAMS (2004n impact assessment is
required prior to issuing whale-watching permitheTimpact assessment must be
detailed and follow best practice protocols usimgmost relevant scientific information
available. Activities should not be allowed if thpgse any harm, either behavioural or
physiological, to cetaceans, including consideratid the number of existing whale-
watching activities and their effect on cetaceaA€GOBAMS, 2004). Activities
should be specially adjusted according to the on&of the impact assessment, which
also must be repeated periodically. A permit wél denied if authorities consider that
operators and staff lack experience with cetacebarge little knowledge of the local
area, climate and sea conditions; have any coowmtrelated to harming animals, or
the activities submitted lack relevant educatiorzile (ACCOBAMS, 2004).

In addition, a permit may be revoked or restrictethe holder does not follow the
requirements stated in the permit, or if it is reseey for the maintenance of favourable
conservation status for cetaceans (ACCOBAMS, 200#)New Zealand’s case, an
application in writing with obligatory informations required: operation details,
operator and staff that may have contact with neantammals, information about any

educational material and, in the case of aircrafte number of the air service
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certificate or other aviation document under whitle aircraft will be operating’
(Marine Mammals Protection Regulations 1992, 2(@18).

6.5.1.2. Approaching the animals

This mitigation measure aims to avoid scaring thienals or disrupting their behaviour
while the vessels and/or aircraft are approachWey Zealand’s regulation states that a
vessel can approach a whale from a parallel doeair slightly to the rear of the whale
and that loud or distressing noises should not bdenby anyone close to whales. In
case of any contact with a sperm whale, approacimuogt be stopped immediately if
the whale changes direction or goes below the sifiar 1 to 5 minutes long without
showing its tail flukes (Marine Mammals Protecti®egulations 1992, 2014). In
comparison, Canada’s guideline requires the appmgo/essel to use an oblique line
(not directly towards the animal) and to maintall® In of separation from a whale,
dolphin or porpoise. People should be wary and kieeip distance from the flukes, and
ensure that approached animals do not pursue ti@arisén, 2001; Fisheries Act,
R.S.C. (1985), c. F-14. 2013).

For ACCOBAMS, they state that approaching a cetademm a vessel should be only
done from the side (ACCOBAMS, 2004); while Austaaltates that vessels cannot
approach from the rear or the front of a whale.tfalis’s legislation are more specific
and highlight that there is a no approach zoneO&f th from a whale and this zone
extends to 300 m at the front and rear of the &l{@ommonwealth of Australia,
2005). If whales are showing signs of disturbarare; attempt to interact with them
should be stopped and vessels should move outsdsaution zone at a no wake speed.
For dolphins, the no approach zone is 50 m, trohudes the zone in front and behind
the dolphin, which extends to 150 m. The best wagpproaching a whale or dolphin is
from the side and slightly to the rear of the afif@mmonwealth of Australia, 2005).
Finally, Ireland state that the craft should mamta stable course when whales or
dolphins are first encountered, the course shoeldkdpt parallel with respect to the
direction cetaceans are following, and that alltbaavolved in the activities must
follow the same course (Department of CommunicatMarine and Natural Resources
Marine, 2005).
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6.5.1.3. Distances to the animals (caution zone)

Vessels and aircraft should keep a distance froenahimal with the objective of
reducing stress or sudden responses that can benelhl for the animals.
ACCOBAMS establishes that aircrafts should notbjow 183 m above sea level and;
that vessels should maintain 100 m of separatiom fa cetacean and should not cut off
its path or prevent cetaceans from leaving the ipribx of the vessel. If the distance
from cetaceans is less than 300 m, the vessel dmoaintain constant speed, no faster
than 5 knots and no faster than the slowest cetacethe area, and should stop if the
vessel is within 100 m of a cetacean. When leathegproximity of any cetacean, the
vessel should go slowly until reaching at least 300from the closest cetacean.
ACCOBAMS also states that the shadow from aircrafisuld not be imposed on

cetaceans.

New Zealand’s guidelines state that aircrafts sthawdt fly below 150 m above sea
level, unless taking off or landing. If an aircradtflying at an altitude of less than 600
m, then it cannot get closer than 150 m horizoptatbm a point directly above any
marine mammal. Other distances should be pre-apdrow addition, vessels should
not get within 50 m and no person in the water ghbe closer than 100 m of a whale.
If there are three or more vessels or aircraftsa @ombination of them, maximum
approach is restricted to 300 m. When two vessetsrorafts are approaching a single
whale, pilots/masters must coordinate their apgreacand manoeuvres. Finally, if a
vessel or a person is approaching a female baleespeyrm whale with one or more

calves, the closest distance permitted is 200 m.

Finally, Australian guideline states a caution zoh€00 m to 100 m either side of a
whale. For dolphins, this zone is of 150 m to 5Gither side of the animal. Vessels
cannot enter the caution zone if there are cetacstianded, entangled or distressed,
and approaching calves and pods with calves isilpted. Canadian legislation
requires vessels to be 300 m from the animal andadi 450 m above the water.
Finally, Ireland’s guidelinestates that a distance of 100 m from whales isiredjuand
200 m between other boats, and that the speeddsheut 7 knots and if calves are seen

special care must be taken not to separate motidecadf.
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6.5.1.4. Requirements for boats during whale-watchg activities

ACCOBAMS states that vessel/aircraft should manomuso as not to disrupt

cetaceans’ normal movements and behaviour. If eatecshow disturbance or signs of
alarm, then all contact should cease. Cetaceangdshot be separated from the group
and food or waste should not be thrown near cetascéinexpected or constant changes
in speed, excluding emergency situations, are dodn. Engines should be set on

neutral when the vessel stops to allow passengevatch cetaceans.

New Zealand has the most rigorous standards ahallguidelines compared. These
include land based vehicles (must be above highrtidrk near marine mammals), and
prohibiting impeding marine mammals from leaving ttroximity of a person, vessel.
If the distance from any marine mammal is < 30thenvessel must maintain a constant
slow speed no faster than the slowest marine manmthaé proximity, or at idle or ‘no
wake’ speed. When leaving the proximity of marinemmmals vessels should go slowly
at idle or ‘no wake’ speed until at least 300 nmirthe closest marine mammal. In the
case of dolphins, to leave them behind, speed eahigher but must be increased
gradually but no greater than 10 knots within 306frany dolphin.

Canada also shares similar restrictions such a8@fm caution zone and no direction
or speed changes if a whale is spotted close todhsel. Additionally, sailboats must
keep their auxiliary motor on idle or use the esbhander to be detected by the animals.
Moreover, and not taken into account in other dinds, at all times it is important to
be alert to prevent any collisions with animalserewhen not undertaking whale

watching activities, and more so in areas wherdeghaave been reported.

Australia states that vessels cannot wait in fanthe pod or in the direction where
cetaceans are traveling. If cetaceans are shovigmg ®f disturbance, any attempt to
interact with them should be stopped and vesselsldlmove outside the caution zone
at no wake speed. For both, whales and dolphing, fading should not be sought
deliberately by the vessel operator, if animalsbdov ride, then the speed and the
course must be kept steady, and to stop the viggsspeed must be reduced gradually.

Finally, Ireland’s guidelines states that when tiolg approach vessels and bow ride,

131



the operator must always let dolphins come tow#ndsboat instead of pursuing them
and boats must not corral any cetaceans and ingsE@ge routes.

6.5.1.6. Requirement for aircrafts during whale-wathing activities

Within the guidelines discussed, only Australia regecific measures to mitigate
aircraft. Australia divides its guidelines into twategories: Tier 1 and Tier 2. The Tier
1 category covers all people involve in watchinivéites and sets general guidelines to
protect whales and dolphins. The Tier 2 covers maiommercial activities and other
activities that require special guidelines, suclopesrations that need to be planned in a
different manner based on scientific evidence, rer indertaken in a specific region
with sensitive species, important populations orineaparks, etc., or in areas where

whale- and dolphin-watching activities are veremgive.

Under the Tier 1 category, and for helicopters yogopters, if a whale or a dolphin is
within 500 m, aircrafts should not fly lower thaf & or hover in this area. Aircrafts
should avoid flying over the whales and dolphinsl @nevent the shadows from the
aircraft falling on the animals. Approaches canbetdone head on and all activities
should stop if whales or dolphins are showing sighdisturbance. Other aircraft,
including fixed wing, gliders, hang-gliders, hot dialloons and airships, should avoid
flying less than 300m above whales and dolphingeidms of the Tier 2 category, if for
any special reason, such as for scientific, edocati or commercial filming it is

necessary to make a closer approximation to a wiradelphin, an authorization by the
Australian Government or the relevant state oiitteyr must be obtained and aircrafts

should operate under those conditions.

6.5.1.7. Number of vessels and duration of activis

Limiting the number and the duration of encountzms help to reduce the stress on the
animals; and some guidelines take this into comgta®. For example, in the
ACCOBAMS region, only one vessel or one aircrafaliowed at any one time in the
watching area, and the time allowed is limited 3anrinutes for vessels or 2 minutes for
aircrafts, especially if there are vessels waitlmgjr turn. In Irelandthe maximum time

allowed with cetaceans is longer (30 minutes). lastfalia and New Zealand, a
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maximum of three vessels can be in the caution znbde same time, but in New
Zealand, there is no maximum time specified. Thigation measures addressed here

are summarised in Table 7.2.
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Table 7.2.Summary of some marine mammal mitigation measuwsed during whale-watching activities.

AUSTRALIA CANADA NZ ACCOBAMS IRELAND
Permit required? Only for Tier 2 activities. No Yes Yes (V-A) No
. Suitable training and . . Knowledge of pr.ocedures
Operator requirements certifications. N/S Experienced. Experienced. when encountering a
cetacean.
Demonstrated experience Demonstrated experience
Suitable trainina and with cetaceans. Knowledge ofwith cetaceans. Knowledge Knowledge of procedures
Staff o 9 N/S the area, weather and sea | of the area, weather and s¢avhen encountering a
certifications. " . - L C.
conditions. No convictions | conditions. No convictions | cetacean.
for mistreating animals. for mistreating animals.
Educational programmes | Required N/S Required Required N/S

No-approach zone

Whales: less than 100 m
Dolphins: less than 50 m
Prohibited vessels: 300 m
(any cetacean).

Less than 100 m

Whales: less than 50 m
(vessels), 100 m (person).
Dolphins/seals: do not go
across pods. All: 300 m max
approach when three or mor|
vessels or aircraft are in the
zone.

Less than 100 m
e

Less than 100 m

Direction to approach

The side and slightly to the

Parallel, making an

Parallel, slightly to the rear.

Diagonally from thide.

A course parallel to whaleg

animals from rear. oblique line. swimming direction.
Directions fo!rbldden to The rear or front. Head on. N/S The rear, the front must be N/S
approach animals from clear.
Manoeuvres for leavin Slowlv. at a ‘no wake’ Slowly until reaching 300| Slowly at idle or ‘no wake’ | Slowly until reaching 300
9 Y m, following a parallel speed until reaching 300m | m from the closest N/S

the area

speed.

direction to whales.

from the closest cetacean.

cetacean.

Caution zone

Whales: 300 m to 100 m
Dolphins: 150 m to 50 m

300 mto 100 m

300 mto50 m

300 mto 100 m

100 m from whales
200 m from other boats

Approaching calves and

Female baleen or sperm

Mother with . . pods with calves is N/S whale with calve(s): max. N/S Special care to not separafe
calves/calves/juvenile L . mother and calves.
prohibited. distance 200 m.
Behaviour around Do not make excessive or Loud or distressing noises Do not disturb or harass
N/S and any form of harassment N/S

animals (people)

abrupt noise.

are prohibited

animals in any way.

Behaviour around
animals (vessels)

Avoid erratic manoeuvres,
do not wait in front of pods
or in the direction that
whales are travelling in, do
not force animals to move

towards the shore, avoid

Do not make constant
changes in speed and
direction; do not pursue
animals that approach th
boat and keep a distanceg

from the flukes.

Do not disrupt normal
movements, separate or
disperse groups, make

e constant changes in speed 3

direction, cut off paths,

Do not make constant
changes in speed and
direction, separate groups,
ndisrupt normal movements
cut off paths or prevent

prevent animals from leaving

Keep stable course, do not
pursue or corral animals.

animals from leaving the
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abrupt changes in speed a|
direction.

the area or go across a pod.

area.

Behaviour around

Do not impose shadow on
the animals, approach hea

Do not impose shadow on th
animals, disrupt their normal

Do not impose shadow on

animals (aircraft) on or hover in the 500 m | N/S movements or make chan esthe animals or disrupt their| N/S
radius. . . 988 normal movements.
in speed and direction.
Behaviour around Be aware of sensitive areas Loud or distressing noises
such as coastal dunes and N/S and any form of harassment| Not considered N/S

animals (land)

headlands.

are prohibited.

Vessel speed (close to
animals)

‘No wake’ speed.

Decrease speed and mo
slowly.

No faster than the slowest

@etacean (300 m) or at idle g

‘no wake’ speed.

Less than 5 knots and no
rfaster than the slowest
cetacean (300 m). Stop
vessel (less than 100 m).

Less than 7 knots.

Engine controls (close to

Distance less than 100 m):

Set on neutral or turn off

Set on neutral when vesse

. N/S change into neutral or during the first minute of the N/S
animals) ) : stops.
idle. vessel stopping.
Maximum number of
vessels/aircraft in the Three N/S Three One (vessel or aircraft). One
caution zone
V_ertlcal d|§t§nce for H.ellcop.ter: 500 m; other 450 m 150 m 183 m N/S
aircraft (minimum) aircraft: 300 m
. . . Tier 1: not specified. . .
qumum time with Tier 2: must be specified i N/S N/S V_essel.. 15 min. 30 min
animals . Aircraft: 2 min.
order to get a permit.
Signs of disturbance or Stop contact and move
algrm outside caution zone at ‘nd N/S Stop contact. Stop contact. N/S
wake’ speed.
Feeding animals Only allowed with a permit N/S Forbidden. Forbidden. N/S

for Tier 2.

V-A: vessel-aircraft; N/S: Not specified.
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6.6. Discussion

6.6.1. Seismic survey mitigation measures

Among the different guidelines detailed above, ¢hreain aspects can be analysed
concerning the effectiveness of the guidelinesrifprcement, 2) coverage (stages pre-
during-post), and 3) survey design. One of the d@yponents for adequate mitigation
procedures is the enforcement of the guidelineabéshed by each government or
organization. One effective method of enforcememtto require the mitigation
procedures be considered as a prerequisite tonoltgpermit to undertake seismic
survey activities at every level, covering all aeaoise and noise producers. For
example, ASCOBANS and ACCOBAMS have guidelines wheerdetailed description
of the mitigation procedures must be included i@ germit request and without the
permit activities cannot be developed. In both sasdtigation measures necessitate a
detailed Environmental Impact Assessment. ASCOBABKplains in detail what
investigations and studies must be carried ounhttettake an EIA, and consider this as
the most important tool to mitigate the impacts@bmic survey activities.

The Statement from Canada provide guidelines fmnge survey activities but these
are not needed prior to obtaining a permit, howdvese guidelines compliment a more
all-encompassing set of environmental assessmemegses (not detailed here) that
provide strong protection for cetaceans. As explaynthe Commission’s Report,
enforcement of the MMPA (USA) have no standardiseglirements to obtain a permit
to “take” marine mammals and can vary accordingheokind of sound produced and
the sources, so even when the same guidelines ,applyenforcement changes
depending on the activities undertaken, which @odunterproductive in enforcing the
mitigation guidelines (MMC-US Marine Mammal Commdsg 2007, p. 34-35). In
New Zealand, The Code establishes that the Diréggmreral must be informed of level
1 and 2 activities as soon as possible but notthessthree months before the operation
starts and an appropriate MMIA must be provideds TWMIA contains the mitigation
measures and a “consent” by the Director-Generglvien if the MMIA is approved,
but this consent is not a permit itself, operatams approved beforehand without the
mitigations measures being a significant part o &pproval.
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Another key factor in the effectiveness of the gation measures relates to coverage of
the activities being undertaken, that is the sustages identified in the guidelines: pre-
, during and post-seismic surveys mitigation measufFor example, ASCOBANS,
ACCOBAMS and The Code of Conduct (NZ) include thdsee phases; however the
Statement from Canada does not have post-seismm@ysispecifications. Within
ASCOBANS, ACCOBAMS and The Code, the post-seismitvesy stage is crucial
because it involves the reporting of the cetacesightings and reporting on the
mitigation procedures carried out during operatidrss information is used to update
databases and to develop better mitigation measassd on the animal locations and
the way operations were undertaken. In additiopoméng is important to keep track of
the implementation compliance of mitigation guidek. An additional requirement for
ASCOBANS and ACCOBAMS is the implementation of ateyn to log the amount of
acoustic energy produced; these information is nedglable to researchers and the
public.

An additional feature of coverage is the speciiaft certain guidelines. For example
ASCOBANS, which bases its guidelines on the ACCOBANbcument, provides more
detail in the majority of its recommendations. lMkee New Zealand’s Code, details
operations in Levels 1, 2 or 3 according to thedkof vessel used, and special

guidelines when encountering mothers with calves.

Survey design is the third key aspect influencinggation. Survey design is outlined
to varying degrees in all guidelines, though muesslin the Statement of Canada.
Nevertheless, the inclusion of an enhanced and whetaled set of specifications for
designing surveys could help to mitigate the impakctthe noise produced by the
operations. ASCOBAMS and ACCOBAMS have more recomsaéons regarding to
this than The Code, but in general, extra measotbey than the use of an appropriate
array configuration and the establishment of theekt practical source power, must be
established. For instance, defining miminum prattievels and enforce them, e.g., no
airguns in use during line changes, to preventthaton or positive approach, and the
development of ‘low sound intensity replacements dogun arrays and suppressor

devices to eliminate unwanted high frequency so@&ir & Dolman, 2007).
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6.6.2. Whale-watching mitigation measures

The key aspects for improving New Zealand's whadehing guidelines, in
comparison with the other guidelines detailed abake the regulations to obtain a
permit, fulfillment of the general regulations, aseand species considered in the
guidelines, and recording and reporting of sigtging

Firstly, ACCOBAMS and New Zealand, unlike the othlmridelines assessed, have
established very detailed procedures for obtaiaipgrmit to undertake whale-watching
activities. However, only ACCOBAMS requires, amatgyspecifications for a permit,

the development of a complete Environmental Impastessment. The implementation
of this prerequisite to obtain a permit could hlpmprove the mitigation measures,

since activities will be better planned if theyamngorate the results of such assessments.

Secondly, the fulfilment of the regulations; whilee prerequisite to obtain a permit,
such as experience of operator and staff, knowledgine area where activities are
taking place, educational aspects of the activigés, are verified before activities start,
once started there are no means to assure thaguidelines are being followed.
Therefore, to assist ongoing meeting of regulatisome extra measures could be
developed, among these could be the use of a perstwoard with the exclusive duty

of reporting about the activities carried out anel tulfillment of the guidelines.

Thirdly, more specific guidelines could be develbpaccording to the location of
whale-watching activities and the species invol@anada, of the countries assessed, is
the only one that has established several guidetmeegulate whale-watching activities
according to the species, such as orcas, bottlembates, right whales, threatened or
endangered species, etc. and for areas, whichdedays, marine parks and reserves.
Such specific mitigation measures implemented invN&aland, could give a more

complete coverage to protect more thoroughly igh ldiversity of marine species.
Finally, out of the above guidelines only Irelamteurages the reporting of sightings,

but it is not mandatory. A recording and reportmgdeline could be very helpful to

progress the regulations already established, dimeedata obtained can be used to
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improve cetacean databases and to develop funtivesstigations aiming to reduce,

more significantly, the impact of noise on cetacean

6.7. Conclusions

One of the strongest features of The Code of Nealatel is its set of comprehensive
guidelines divided into specific levels according the size of the vessels used in
seismic activities. The New Zealand Code also pasial requirements and mitigations
for vessel encounters with mother/calve pairs. Harore, the MMIA and the

guidelines are divided into pre, during and post«sy activities. This design of survey
mitigations provides a means of improving the naitign measures through the data
accumulated in every survey. Nonetheless, aspéthe Code could be improved such
as the enforcement of the guidelines, because teeigh a notification before starting

activities and a MMIA is required and must be deped under the advice of the
Department and the Director-General, the permitutalertake any seismic survey

activity is not subjeca priori to MMIA approval.

In addition, it is important to use the data alseadcorded and implement new
investigations to improve the mitigation measuresl anake efforts to assess its
effectiveness, because as stipulated by ASCOBAMEetIs a set of guidelines but no
proven evidence of their effectiveness. Thereforggoing investigations are needed
and greater cooperation with the companies undagakeismic survey activities is
needed. Finally, The Code could include more dedaguidelines regarding the survey
design, which could also be developed through mexgstigations, data from previous
surveys, and the cooperation of the companies wedain this activities.

In terms of New Zealand’s whale-watching guidelinrgthough comprehensive, could
similarly be improved. In particular, the implematndn of an impact assessment, as
part of the prerequisites to obtain a permit cdoddvery relevant. Such study could
assist planning of activities according to spedifications and species present. Finally,
it is important to develop an efficient mechanismattallows tracking the ongoing
fulfillment of guidelines established by all openat In addition, an appropriate
protocol for recording and reporting sightings diddoe implemented for all operators,

139



since this could help to improve cetacean databasesrefine existing guidelines.
Ongoing improvement of the permitting process, whalatching guidelines and
adherence to regulations is essential to accompiglater protection for animals

exposed to whale watching activities.
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Chapter Seven

Conclusions and future research




7.1. Final conclusions

My systematic review has shown that there are kadge gaps in important areas, and
for many species, addressing the issue of the itrgfawise in cetaceans. Regions such
as Latin America, Africa and Southeast Asia, asl \asl regions in the Arctic and
Southern Ocean lack such information. Furthermoné; a handful of the total species
have been studied, with work focussing on specasaneon in laboratories or with
wide, coastal distributions. Among the most studspecies are bottlenose dolphin,
harbour porpoise, orca and humpback whale. My vedaso shows that, worldwide,
vessels are the source of noise most widely assésisenpacts on cetaceans. It should
be noted that most of these studies evaluate #mepce of the vessel as the source of
the disturbance but not the noise as the main fadtthese disturbances. This includes
research in New Zealand where studies focus orelgeasad only a few species, due to
the economic importance of eco-tourism. In futunere attention should be placed on
other activities, also of high economic and ecaabiimpact, such as seismic
explorations. Despite seismic activities increasmblew Zealand, | found no published
studies evaluating the impacts on marine faunaeddd current regulations rely on

environmental impact assessments that often dmitmfate known impacts.

MaxEnt is a robust method for modelling cetaceabithasuitability in New Zealand;
my models were consistent with other studies. daiiteon, | found that the distribution
ranges of the species modelled overlapped withentiand future projects of seismic
prospecting, which could worsen the situation ojhly endangered species, e.g.
Maui’s dolphin. While anthropogenic noise is uelikto be a direct cause of extinction
of Maui’s dolphin, in combination with other facsosuch as over-fishing and incidental
mortality, it increase the probably of decline loistpopulation. Therefore, tools such as
MaxEnt can help to mitigate potentially harmful iags for different species by
informing planning of activities such as seismieveys by mininsing conflicts e.g.
identifying exclusion areas and times for avoidiongeding and calving activities. It is
also is important to highlight the absence of basiormation about beaked whales, a
group of animals highly diverse in New Zealand, Wwnoto be sensitive to diverse

sources of anthropogenic noise.
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Lastly, it should be acknowledged that The CodeCohduct of New Zealand for
seismic surveys is one of the best developed. dtamong its strong points, a set of
guidelines that are very thorough and completegipesections according to the size
of the vessels to use in different activities, aigo special measures for sensitive
aggregations (e.g. mother/calve pair). Nonethddeier enforcement of this policy, and
better data collection would improve mitigation rme@s and allow for assessment of
effectiveness. Likewise, New Zealand’'s whale-watghiguidelines fulfil all the
international requirements, but could be improvadny view, an Impact Assessment
should be included as part of the prerequisite®hltain a permit. In addition, an
appropriate standard protocol for recording andomtapy sightings should be
implemented for all operators, in order to obtaatadthat can be used in research to
improve the existing guidelines and accomplisheatgr protection for animals exposed

to whale watching activities.

7.2. Future research

| recommend that further research be undertaketh@mmpacts that seismic activities
pose on cetaceans and other marine fauna in Nelargaince, to date, there have not
been studies about this topic. Research for a walgge of species and distributions is
needed with a priority for beaked whales. | coneludat, although, New Zealand’s
legislation and guidelines for seismic survey antlaM-watching activities are
appropriately designed, more enforcement is redquit@ protect cetaceans from
disturbance. In addition, the creation of legislatand encouraging voluntary codes of
conduct to protect specific areas and species coeldefit the most vulnerable
populations. For example, in Doubtful Sound, whHastlenose dolphins are threatened
due to high calf mortality and impacts of tourishugseau, Slooten & Currey, 2006;
Guerra, 2013), voluntary codes were adopted in 2888ilting in fewer dolphin-boat
interactions (Guerra, 2013).
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7.3. Study limitations

The systematic review conducted as part of thisishevas limited to accessible
documents; unpublished documents such as integparts and management plans
were excluded. This could generate bias, especialy issues related to seismic
surveys, since most information is mostly unpul@éhin addition, MaxEnt models
output likely suitability area, not exact distrimnt ranges, hence they are best
interpretated in conjunction with information abalistribution, behaviour and habitat
use of cetaceans from multiple sources. In addittas ideal to have an independent set

of cetacean sightings to validate each model.

7.4. Final remark

This research will serve as a base for future studbout the impacts of noise pollution
on cetaceans in New Zealand, since there aregaplt in knowledge about this topic. |
suggest some areas for future research. My stisty fEghlights gaps in current

legislation to protect marine animals from anthiggmic disturbances. The most
important recommendation is that these legislatemesenforced and it is necessary to

be more specific with such policies in areas ohhigdustrial and tourism activities.

144



References

Abrahamsen, K. (2014, February). The ship as aemvater noise source. Proceedings
of Meetings on Acousticév/ol. 17, No. 1, p. 070058). Acoustical Society of
America.

Acevedo, A. (1991a). Interactions between boats hanttlenose dolphins;Tursiops
truncatus in the entrance to Ensenada de La Paz, MeRigoatic mammals, 13),
120-124.

Acevedo, A. (1991b). Behaviour and movements oftlérdse dolphins,Tursiops
truncatus. Aquatic Mammals, 1¥37-147.

ACCOBAMS. (2004). Guidelines for commercial cetac@atching activities in the Black
Sea, the Mediterranean Sea and contiguous Atlaatea. Retrieved from
http://www.accobams.org/index.php?option=com_cagteiew=article&id=1134
&ltemid=165

Aguilar Soto, N., Johnson, M., Madsen, P. T., TyaekL., Bocconcelli, A., & Fabrizio
Borsani, J. (2006). Does intense ship noise didarpging in deep-diving Cuvier’s
beaked whale<{phius cavirostri}? Marine Mammal Scien¢@2(3), 690-699.

Akamatsu, T., Hatakeyama, Y., & Takatsu, N. (19%jects of pulse sounds on escape
behavior of false killer whale&ulletin-Japanese Society of Scientific Fisherks,
1297-1297.

Alves-Pereira, M., & Castelo Branco, N. A. (200¥)jibroacoustic disease: Biological
effects of infrasound and low-frequency noise eixigld by mechanotransduction
cellular signallingProgress in Biophysics and Molecular Biology(B3 256-279.

Anderwald, P., Brandecker, A., Coleman, M., Colli@s, Denniston, H., Haberlin, M. D.,
& Donovan, M. (2013). Displacement responses ofyatitete, an odontocete, and
a phocid seal to construction-related vessel taEndangered Species Research,
21(3), 231-240.

Antunes, R., Kvadsheim, P. H., Lam, F. P. A., Tyd&kL., Thomas, L., Wensveen, P. J., &
Miller, P. J. O. (2014). High thresholds for avaida of sonar by free-ranging long-
finned pilot whales Globicephala melgs Marine Pollution Bulletin, 8@L), 165-
180.

Arcangeli, A., Crosti, R., del Leviatano, A., & Reml. (2009). The short-term impact of

dolphin-watching on the behaviour of bottlenoseptiols {Tursiops truncatusin
Western Australialournal of Marine Animals and Their Ecologylp 3-9.

145



ASCOBANS (2010). Final Report of the ASCOBANS Isessional Working Group on
the Assessment of Acoustic Disturbance. Bonn, Geymé&Retrieved from
http://www.ascobans.org/en/document/final-repodeéigns-intersessional-
working-group-assessment-acoustic-disturbance

Au, D., & Perryman, W. (1982). Movement and spekdadphin schools responding to an
approaching shig=ishery bulletin, 8(2), 371-379.

Au, W. W. (1993).The sonar of dolphinsSpringer Science & Business Media.

Au, W. W. (2000). Hearing in whales and dolphing1 éverview. InHearing by whales
and dolphingpp. 1-42). Springer New York.

Au, W., James, D., & Andrews, K. (2001). Higfequency harmonics and source level of
humpback whale song¥he Journal of the Acoustical Society of AmeritH)5),
2770-2770.

Au, W. W., Pack, A. A., Lammers, M. O., Herman,NL, Deakos, M. H., & Andrews, K.
(2006). Acoustic properties of humpback whale sonfise Journal of the
Acoustical Society of Americd2(0(2), 1103-1110.

Au, W. W., & Hastings, M. C. (2009Frinciples of marine bioacousticSpringer.

Bailey, H., Senior, B., Simmons, D., Rusin, J.,kéit, G., & Thompson, P. M. (2010).
Assessing underwater noise levels during pile-dgwvat an offshore windfarm and
its potential effects on marine mammaltarine Pollution Bulletin, 6(6), 888-897.

Baker, A. N. (1977). Spectacled porpoigthocoena dioptricanew to the subantarctic
Pacific Ocean (note).

Baker, C. S., & Herman, L. M. (1989Behavioral responses of summering humpback
whales to vessel traffic: experiments and oppostimiobservations(Report No.
NPS/NR/TRS-89/01). Anchorage, AK.

Baker, A. N., & Madon, B. (2007Bryde's whalesBalaenoptera cf. brydélsen 1913) in
the Hauraki Gulf and northeastern New Zealand wat8cience & Technical Pub.,
Department of Conservation.

Baker, C., Chilvers, B., Constantine, R., DuFresBg, Mattlin, R., Van Helden, A., &
Hitchmough, R. (2010). Conservation status of Neealdnd marine mammals
(suborders Cetacea and Pinnipedia), 2008w Zealand Journal of Marine and
Freshwater Research, @), 101-115.

Balcomb Ill, K. C., & Claridge, D. E. (2001). A nmastranding of cetaceans caused by
naval sonar in the Baham&ahamas Journal of Sciencg28 2-12.

146



Baldwin, R. A. (2009). Use of maximum entropy maalglin wildlife researchEntropy,
11(4), 854-866.

Barber, J. R., Crooks, K. R., & Fristrup, K. M. (@). The costs of chronic noise exposure
for terrestrial organism3rends in Ecology & Evolutiqr2%(3), 180-189.

Beatson, E., O'Shea, S., & Ogle, M. (2007). Fiegtort on the stomach contents of leng
finned pilot whalesGlobicephala melasstranded in New Zealantllew Zealand
Journal of Zoology, 34), 51-56.

Beatson, E., O'Shea, S., Stone, C., & Shortlan{R0Q7). Notes on New Zealand mammals
6. Second report on the stomach contents of-fomged pilot whalesGlobicephala
melas New Zealand Journal of Zoology, (34, 359-362.

Beatson, E. L., & O'shea, S. (2009). Stomach cdsiteh longfinned pilot whales,
Globicephala melgsmassstranded on Farewell Spit, Golden Bay in 2005 and
2008.New Zealand Journal of Zoology6(1), 47-58.

Bejder, L., Dawson, S. M., & Harraway, J. A. (199BEesponses by Hector's dolphins to
boats and swimmers in Porpoise Bay, New Zealdtarine Mammal Science,
15(3), 738-750.

Bejder, L., & Dawson, S. (2001). Abundance, resigerand habitat utilisation of Hector's
dolphins Cephalorhynchus hectgrin Porpoise Bay, New ZealanNew Zealand
Journal of Marine and Freshwater Researdb(2), 277-287.

Bejder, L., Samuels, A. M. Y., Whitehead, H. A. Gales, N., Mann, J., Connor, R., ... &
Kruetzen, M. (2006). Decline in relative abundan€éottlenose dolphins exposed
to longterm disturbanceConservation Biology, 46), 1791-1798.

Berghan, J., Algie, K. D., Stockin, K. A., Wisemah, Constantine, R., Tezan®to, G.,
& Mourao, F. (2008). A preliminary photdentification study of bottlenose
dolphin (Tursiops truncatusin Hauraki Gulf, New ZealandNew Zealand Journal
of Marine and Freshwater Research (4R, 465-472.

Berkenbusch, K., Abraham, E. R., & Torres, L. @Q12).New Zealand Marine Mammals
and Commercial Fisherig®Report No. 119). ISBN 978-0-478-42317-4 (online).

Best, P. B. (2001). Distribution and population asgpion of Bryde's whalBalaenoptera
edenioff southern AfricaMarine Ecology Progress series, 22Z¥7-289.

Berta, A., Sumich, J. L., & Kovacs, K. M. (2008)arine mammals: evolutionary biology
Academic Press.

147



Biassoni, N., Miller, P. J., & Tyack, P. L. (200®reliminary results of the effects of
SURTASS-LFA sonar on singing humpback whalésods Hole Oceanographic
Institute. Technical (Report # 2000-06). Woods HdMassachusetts.

Blackwell, S. B., Nations, C. S., McDonald, T. Gteene, C. R., Thode, A. M., Guerra, M.,
& Michael Macrander, A. (2013). Effects of airgunusds on bowhead whale
calling rates in the Alaskan Beaufort Sé#arine Mammal Science, &9, E342-
E365.

Blane, J. M., & Jaakson, R. (1994). The impact asteurism boats on the St Lawrence
beluga whale€nvironmental Conservation, @13), 267-269.

Bombosch, A., Zitterbart, D. P., Van OpzeelandFtickenhaus, S., Burkhardt, E., Wisz,
M. S., & Boebel, O. (2014). Predictive habitat miidg of humpback Megaptera
novaeangliag and Antarctic minke Ralaenoptera bonaerengisvhales in the
Southern Ocean as a planning tool for seismic gsni@eep Sea Research Part I:
Oceanographic Research Papers, 201-114.

Bordino, P., Kraus, S., Albareda, D., Fazio, A.Infaio, A., Mendez, M., & Botta, S.
(2002). Reducing incidental mortality of Francisgalolphin Pontoporia blainvillei
with acoustic warning devices attached to fishiegsnrMarine Mammal Science,
18(4), 833-842.

Bowles, A. E., Smultea, M., Wiirsig, B., DeMaster, B, & Palka, D. (1994). Relative
abundance and behavior of marine mammals exposédriemissions from the
Heard Island Feasibility Testhe Journal of the Acoustical Society of America,
96(4), 2469-2484.

Brabyn, M. W. (1991)An analysis of the New Zealand whale stranding mnecélead
Office, Department of Conservation.

Brager, S., & Schneider, K. (1998). Nesdmore distribution and abundance of dolphins
along the West Coast of the South Island, New ZehMew Zealand Journal of
Marine and Freshwater Resear@2(1), 105-112.

Branch, T. A., Stafford, K. M., Palacios, D. M.,ligbn, C., Bannister, J. L., Burton, C. L.
K., ... & Warneke, R. M. (2007). Past and preseistridution, densities and
movements of blue whal@&alaenoptera musculus the Southern Hemisphere and
northern Indian OceaMammal Review, 32), 116-175.

Brandt, M. J., Diederichs, A., Betke, K., & Nehi§, (2011). Responses of harbour

porpoises to pile driving at the Horns Rev Il otislwind farm in the Danish North
SeaMarine Ecology Progress Series, 42D5-216.

148



Buckstaff, K. C. (2004). Effects of watercraft moign the acoustic behavior of bottlenose
dolphins, Tursiops truncatusin Sarasota Bay, Florid&larine mammal science,
20(4), 709-725.

Carlson, C. (2001)A review of whale watch guidelines and regulatiansund the world:
Version 2001International Whaling Commission.

Carlstrom, J., Berggren, P., & Tregenza, N. J. @20Gpatial and temporal impact of
pingers on porpoise€anadian Journal of Fisheries and Aquatic Scien6égl),
72-82.

Carmel, Y., Kent, R., Bar-Massada, A., Blank, Libdrzon, J., Nezer, O., ... & Federman,
R. (2013). Trends in Ecological Research during tlest Three Decades—a
systematic reviewPloS one, @1), e59813.

Carrera, M. L., Favaro, E. G. P., & Souto, A. (2008Bhe response of marine tucuxis
(Sotalia fluviatilig towards tourist boats involves avoidance behaviand a
reduction in foragingAnimal Welfare, 1{2), 117-123.

Carretta, J., Barlow, J., & Enriquez, L. (2008) oéstic pingers eliminate beaked whale
bycatch in a gill net fisheryMarine Mammal Science, @&4): 956-961

Carstensen, J., Henriksen, O. D., & Teilmann, 0062. Impacts of offshore wind farm
construction on harbour porpoises: acoustic mangoof echolocation activity
using porpoise detectors (T-PODNJarine Ecology Progress Series, 32B5-308.

Castellote, M., Clark, C. W., & Lammers, M. O. (201Acoustic and behavioural changes
by fin whales Balaenoptera physaljisn response to shipping and airgun noise.
Biological Conservation, 147T), 115-122.

Cato, D. H., McCauley, R. D., & Noad, M. (200#otential effects of noise from human
activities on marine animaldn Annual Conference of the Australian Acoustical
Society (pp. 369-374).

Cerchio, S., Strindberg, S., Collins, T., Bennélt, & Rosenbaum, H. (2014). Seismic
surveys negatively affect humpback whale singintivilg off northern Angola.
PloS one, @B), e86464.

Childerhouse, S. (2006}etacean research in New Zealand 2004®&ence & Technical
Pub., Department of Conservation.

Christiansen, F., Lusseau, D., Stensland, E., &&en, P. (2010). Effects of tourist boats

on the behaviour of Indo-Pacific bottlenose dolghoif the south coast of Zanzibar.
Endangered Species Research(1),191-99.

149



Christiansen, F., Rasmussen, M., & Lusseau, D.3R0&hale watching disrupts feeding
activities of minke whales on a feeding grouMarine Ecology. Progress Series,
478 239-251.

Christiansen, F., Rasmussen, M. H., & Lusseau,2D14). Inferring energy expenditure
from respiration rates in minke whales to meashee dffects of whale watching
boat interactionsJournal of Experimental Marine Biology and Ecolody9 96-
104.

Chunco, A. J., Phimmachak, S., Sivongxay, N., &a8tuB. L. (2013). Predicting
Environmental suitability for a rare and threaterspecies (Lao Newt,.aotriton
laoensi$ using validated species distribution modeleS one, ), e59853.

Cipriano, F. W. (1992). Behavior and occurrencéepas, feeding ecology, and life history
of dusky dolphins lagenorhynchus obscurusoff Kaikoura, New Zealand
(Unpublished doctoral dissertation). The UniversityArizona, USA.

Clapham, P. J. (2009). Humpback WhalMggaptera novaeanglia¢n W. Perrin, B.
Wursig, & J. G. M. Thewissen (EdsBncyclopedia of Marine Mamma(&nd ed.,
pp. 582-585). San Diego, USA: Academic Press.

Commonwealth of Australia. 2005. Australian NatioGaidelines for Whale and Dolphin
Watching. Department of Environment and HeritageetrieBved from
http://www.environment.gov.au/marine/publicationstalian-national-guidelines-
whale-and-dolphin-watching-2005

Constantine, R. (2002). The Behavioural ecologytled bottlenose dolphinsT{rsiops
truncatug of Northeastern New Zealand: A Population ExposedTourism.
(Unpublished doctoral dissertation). The UniversifyAuckland, Auckland, New
Zealand.

Constantine, R., Brunton, D. H., & Dennis, T. (2P03olphin-watching tour boats change
bottlenose dolphinTursiops truncatusbehaviourBiological Conservation, 113),
299-307.

Constantine, R., Russell, K., Gibbs, N., Childes®uS., & Baker, S. (2007). Photo-
identification of humpback whales in New Zealandtevs and their migratory
connections to breeding grounds of Oceakiiarine Mammal Scien¢®3(3), 715-
20.

Corkeron, P. J. (1995). Humpback whaldde@aptera novaeanglidein Hervey Bay,

Queensland: Behaviour and responses to whale-wgteleisselsCanadian Journal
of Zoology, 787), 1290-1299.

150



Correia, A. M., Tepsich, P., Rosso, M., Caldeira, & Sousa-Pinto, I. (2015). Cetacean
occurrence and spatial distribution: Habitat madglifor offshore waters in the
Portuguese EEZ (NE AtlanticJournal of Marine Systems, 1433-85.

Courbis, S., & Timmel, G. (2009). Effects of vesse@ind swimmers on behavior of
Hawaiian spinner dolphins{enella longirostrisin Kealake ‘akua, Honaunau, and
Kauhako bays, Hawai ‘Marine Mammal Science, 285, 430-440.

Cranford, T. W. (2000). In search of impulse sogndrces in odontocetes. In Au & Fay
(Eds.)Hearing by whales and dolphiripp. 109-155). Springer.

Cranford, T. W., Amundin, M., & Norris, K. S. (1996Functional morphology and
homology in the odontocete nasal complex: implaadi for sound generation.
Journal of Morphology, 248), 223-285.

Cummings, W. C., & Thompson, P. O. (1971). Undeewvaobunds from the blue whale,
Balaenoptera musculu3he journal of the Acoustical Society of Ameris@(4B),
1193-1198.

Croll, D. A,, Clark, C. W., Calambokidis, J., Ethis, W. T., & Tershy, B. R. (2001). Effect
of anthropogenic low-frequency noise on the forggecology of Balaenoptera
whales Animal Conservation,,4.3-27.

Cox, T. M., Read, A. J., Solow, A., & Tregenza, (2001). Will harbour porpoises
(Phocoena phocoepahabituate to pingers3ournal of cetacean Research and
Management, @), 81-86.

Cox, T. M., Read, A. J., Swanner, D., Urian, K., ®aples, D. (2004). Behavioral
responses of bottlenose dolphinBuyrsiops truncatusto gillnets and acoustic
alarms Biological Conservation, 112), 203-212.

Culik, B. M., Koschinski, S., Tregenza, N., & EJli&. M. (2001). Reactions of harbor
porpoisesPhocoena phocoenand herring Clupea harengus to acoustic alarms.
Marine Ecology Progress Series, 22b5-260.

Currey, R. J., Rowe, L. E., Dawson, S. M., & Slopté&. (2008). Abundance and
demography of bottlenose dolphins in Dusky SounelWwNealand, inferred from
dorsal fin photograph®New Zealand Journal of Marine and Freshwater Redear
42(4), 439-449.

Dahne, M., Gilles, A., Lucke, K., Peschko, V., Adl&., Krugel, K., ... & Siebert, U.
(2013). Effects of pile-driving on harbour porpa@s@hocoena phocoepat the
first offshore wind farm in GermanyEnvironmental Research Letters(28
025002.

151



Dahood, A. D. (2009Dusky dolphin I(agenorhynchus obscujusoccurrence and
movement patterns near Kaikoura, New Zeal@thdpublished doctoral
dissertation). Texas A&M University, USA.

Dans, S. L., Crespo, E. A, Pedraza, S. N., Degkaiti & Garaffo, G. V. (2008). Dusky
dolphin and tourist interaction: effect on diurfe¢ding behaviouMarine Ecology
Progress Series, 36287-296.

Darling, J. (2009). Song. In W. Perrin, B. Wursig, J. G. M. Thewissen (Eds.),
Encyclopedia of Marine Mammal@nd ed., pp. 1053-1056). San Diego, USA:
Academic Press.

Dawbin, W. H. (1966). The seasonal migratory cyofehumpback whales. Whales,
dolphins and porpoises.niversity of California Press, Berkeley, 145-171.

Dawson S, Fletcher D, Slooten E (2013) Habitat arsé conservation of an Endangered
dolphin.Endangered Species Researciy8154.

Department of Communication, Marine and NaturaldReses Marine (2005) Notice No.
15 of 2005: Guidelines for correct procedures wiegcountering whales and
dolphins in Irish coastal waters. Retrieved from
http://www.dttas.ie/content/guidelines-correct-grdares-when-encountering-
whales-and-dolphins-irish-coastal-waters

Department of Conservation. (2013). 2013 Code dafdaot for minimising acoustic
disturbance to marine mammals from seismic suryrations. Wellington, New
Zealand: Department of Conservation. Retrieved fiotp://www.doc.govt.nz/our-
work/seismic-surveys-code-of-conduct/code-of-cotidacminimising-acoustic-
disturbance-to-marine-mammals-from-seismic-survegrations/

Department of Fisheries and Oceans (DFO). (201#fe®ent of Canadian Practice with
respect to the Mitigation of Seismic Sound in tharide Environment. Background

paper. Retrieved from http://www.dfo-mpo.gc.ca/oceans/management-
gestion/integratedmanagement-gestionintegree/sesismigue/information-
eng.asp

DeRuiter, S. L., Boyd, I. L., Claridge, D. E., taC. W., Gagnon, C., Southall, B. L., &
Tyack, P. L. (2013a). Delphinid whistle productiamd call matching during
playback of simulated military sondvlarine Mammal Science, @8, E46-E59.

DeRuiter, S. L., Southall, B. L., Calambokidis, dilmmer, W. M., Sadykova, D., Falcone,
E. A, ... & Tyack, P. L. (2013b). First direct nse@ements of behavioural
responses by Cuvier's beaked whales to mid-frequacitve sonarBiology letters,
9(4), 20130223.

152



Diaz, B. L, & Marifio, F. (2011). A trial of acoustharassment device efficacy on free-
ranging bottlenose dolphins in Sardinia, Italyarine and Freshwater Behaviour
and Physiology, 44, 197-208.

Di lorio, L., & Clark, C. W. (2010). Exposure toissnic survey alters blue whale acoustic
communicationBiology letters, @L), 51-54.

Dolman, S. J., Weir, C. R., & Jasny, M. (2009). @amative review of marine mammal
guidance implemented during naval exerciddarine Pollution Bulletin, 5@1),
465-477.

do Valle, A. L., & Melo, F. C. C. (2006). Alteraceomportamentais do golfint®otalia
guianensigGervais, 1953) provocadas por embarcag@esemas, 1Q): 75-80.

Dungan, S. Z., Riehl, K. N., Wee, A., & Wang, J. (2011). A review of the impacts of
anthropogenic activities on the critically endamgkeastern Taiwan Strait Indo-
Pacific humpback dolphin§ousa chinensisJournal of Marine Animals and Their
Ecology, 42), 3-9.

Dunlop, R. A., Noad, M. J., Cato, D. H., Kniest, Hiller, P. J., Smith, J. N., & Stokes, M.
D. (2013). Multivariate analysis of behaviouralpesse experiments in humpback
whales Megaptera novaeanglideThe Journal of Experimental Biology, Z5%
759-770.

Edrén, S., Wisz, M. S., Teilmann, J., Dietz, R.S&derkvist, J. (2010). Modelling spatial
patterns in harbour porpoise satellite telemetryadasing maximum entropy.
Ecography 33(4), 698-708.

Elith, J., & Leathwick, J. R. (2009). Species disition models: ecological explanation and
prediction across space and timvA@anual Review of Ecology, Evolution, and
Systematic40(1), 677.

Elith, J., Phillips, S. J., Hastie, T., Dudik, MChee, Y. E., & Yates, C. J. (2011). A
statistical explanation of MaxEnt for ecologidisversity and Distributions, 1(2),
43-57.

Erbe, C., & Farmer, D. M. (1998). Masked hearingesholds of a beluga whale
(Delphinapterus leucasin icebreaker noiseDeep Sea Research Part Il: Topical
Studies in Oceanography, @), 1373-1388.

Erbe, C. (2002). Underwater noise of whalatching boats and potential effects on killer
whales (Orcinus orca), based on an acoustic impamtiel. Marine mammal

science, 1@), 394-418.

Farina, A. (2014)Soundscape Ecology: Principles, Patterns, Methau$ Applications
Imprint: Springer.

153



Ferreira, S. M., & Roberts, C. C. (2003). Distributand abundance of Maui's dolphins
(Cephalorhynchus hectori mguklong the North Island West Coast, New Zealand
(Vol. 93). Department of Conservation.

Ferrier, S. (2002). Mapping spatial pattern in bredsity for regional conservation
planning: where to from heré&/stematic biologyp1(2), 331-363.

Fielding, A. H.; Bell, J. F. A review of methodsr fthe assessment of prediction errors in
conservation presence/absence models. (1¥Wjironmental. Conservatior24,
38-49.

Finneran, J. J., Schlundt, C. E., Carder, D. AariClJ. A., Young, J. A., Gaspin, J. B., &
Ridgway, S. H. (2000). Auditory and behavioral @sges of bottlenose dolphins
(Tursiops truncatus and a beluga whaleDgélphinapterus leucdsto impulsive
sounds resembling distant signatures of underveadpiosions.The Journal of the
Acoustical Society of America, Q8 417-431.

Finneran, J. J., Schlundt, C. E., Dear, R., Car@erA., & Ridgway, S. H. (2002).
Temporary shift in masked hearing thresholds innbolcetes after exposure to
single underwater impulses from a seismic watergte. Journal of the Acoustical
Society of America, 118), 2929-2940.

Finneran, J. J., Carder, D. A., Schlundt, C. E.R&gway, S. H. (2005). Temporary
threshold shift in bottlenose dolphingufsiops truncatus exposed to mid-
frequency tonesThe Journal of the Acoustical Society of AmericE(4), 2696-
2705.

Finneran, J. J., Schlundt, C. E., Branstetter&Dear, R. L. (2007). Assessing temporary
threshold shift in a bottlenose dolphirmugsiops truncatus using multiple
simultaneous auditory evoked potentialfie Journal of the Acoustical Society of
America, 122), 1249-1264.

Finneran, J. J., Carder, D. A., Schlundt, C. ED&ar, R. L. (2010). Temporary threshold
shift in a bottlenose dolphiTgrsiops truncatuysexposed to intermittent tonethe
Journal of the Acoustical Society of America, (B2,/3267-3272.

Finneran, J. J., & Schlundt, C. E. (2010). Freqyatependent and longitudinal changes in
noise-induced hearing loss in a bottlenose dolpfiiarsiops truncatys The
Journal of the Acoustical Society of America, (228567-570.

Firestone, J., & Jarvis, C. (2007). Response argpétesibility: Regulating Noise Pollution

in the Marine Environmentodirnal of International Wildlife Law and Policy, @),
109-152.

154



Fisheries Act. R.S.C. (1985), c. F-14. 2013. Re&de from http:/laws-
lois.justice.gc.ca/PDF/F-14.pdf

Foote, A. D., Osbhorne, R. W., & Hoelzel, A. R. (2DOEnvironment: Whale-call response
to masking boat noisélature 4286986), 910-910.

Ford, J. K. B. (2009). Killer Whal®rcinus orca In W. Perrin, B. Wursig, & J. G. M.
Thewissen (Eds.)gncyclopedia of Marine Mamma(2nd ed., pp. 650-657). San
Diego, USA: Academic Press.

Francis, C. D., & Barber, J. R. (2013). A framewdok understanding noise impacts on
wildlife: an urgent conservation prioriti#zrontiers in Ecology and the Environment,
11(6), 305-313.

Francis, C. D., Ortega, C. P., & Cruz, A. (2009)oig¢ pollution changes avian
communities and species interactio@arrent biology, 1016), 1415-1419.

Frankel, A. S. (2009). Sound production. In W. RerB. Wursig, & J. G. M. Thewissen
(Eds.), Encyclopedia of Marine Mammal2nd ed., pp. 1056-1071). San Diego,
USA: Academic Press.

Frankel, A. S., & Clark, C. W. (1998). Results owtrequency playback of M-sequence
noise to humpback whaleglegaptera novaeangliaen Hawai'i. Canadian Journal
of Zoology, 763), 521-535.

Frankel, A. S., & Clark, C. W. (2000). Behaviorasponses of humpback whales
(Megaptera novaeanglideto full-scale ATOC signals.The Journal of the
Acoustical Society of America, 1@3 1930-1937.

Frankel, A. S., & Clark, C. W. (2002). ATOC and etlfactors affecting the distribution
and abundance of humpback whale®egaptera novaeanglideff the north shore
of Kauai.Marine Mammal Science, (B, 644-662.

Fraker, M. A., Ljungblad, D. K., Richardson, W. & Van Schoik, D. R. (1985Bowhead
whale behavior in relation to seismic exploratigklaskan Beaufort Sea, Autumn
1981 Study report (Final) (No. PB-87-157442/XAB). L&Ecological Research
Associates, Inc., Bryan, TX (USA).

Fristrup, K. M., Hatch, L. T., & Clark, C. W. (20p3Variation in humpback whale
(Megaptera novaeanglide song length in relation to low-frequency sound
broadcastsThe Journal of the Acoustical Society of Amerids&y(@), 3411-3424.

Gaborit-Haverkamp, T. (2012)The occurrence and habitat use of common dolphins

(Delphinus sp in the central Bay of Plenty, New Zealafidhpublished master’s
thesis). Massey University, Auckland, New Zealand.

155



Gailey, G., Wirsig, B., & McDonald, T. L. (2007).baAndance, behavior, and movement
patterns of western gray whales in relation to B 3eismic survey, Northeast
Sakhalin Island, Russi&nvironmental Monitoring and Assessment, (133), 75-
91.

Garrod Brian & Fennell David A. 2004. An analysisvchalewatching codes of conduct,
Annals of Tourism Research, Vol. 31, No. 2, 334-352

Gaskin, D. E., & Cawthorn, M. W. (1967). Diet arekfling habits of the sperm whale
(Physeter catodorL.) in the Cook Strait region of New Zealamtew Zealand
Journal of Marine and Freshwater Researt{), 156-179.

Gaskin, D. E. (1968a). Distribution of Delphinidé€etacea) in relation to sea surface
temperatures off eastern and southern New Zealbleth Zealand Journal of
Marine and Freshwater Researci3% 527-534.

Gaskin, D. E. (1968b). The New Zealand Cetace®Zp. Wellington: Fisheries Research
Division, New Zealand Marine Department.

Gerhardt, H. C. (1998)Acoustic signals of animals: recording, field meaasoents,
analysis and descriptiorin Animal acoustic communication (pp. 1-25). 8per
Berlin Heidelberg.

Giancoli, D. C. (2000).Physics for scientists and engineers with moderiysichk
International Edition, 4.

Goldbogen, J. A., Southall, B. L., DeRuiter, S. Calambokidis, J., Friedlaender, A. S.,
Hazen, E. L., ... & Tyack, P. L. (2013). Blue whaleespond to simulated mid-
frequency military sonalRProceedings of the Royal Society B: Biological Soss,
28Q(1765), 20130657.

GOmez, J. J., & Cassini, M. H. (2015). Environméptadictors of habitat suitability and
biogeographical range of Franciscana dolphiRenfoporia blainville). Global
Ecology and Conservation, 90-99.

Goold, J. C., & Jones, S. E. (1995). Time and feeqy domain characteristics of sperm
whale clicks.The Journal of the Acoustical Society of Amer@&§3), 1279-1291.

Goold, J. C. (1996). Acoustic assessment of pojustof common dolphibelphinus
delphisin conjunction with seismic surveyingournal of the Marine Biological
Association of the United Kingdom,(©8), 811-820.

Goold, J. C., & Fish, P. J. (1998). Broadband speat seismic survey air-gun emissions,

with reference to dolphin auditory threshold@ie Journal of the Acoustical Society
of America, 10@), 2177-2184.

156



Gordon, D. P., Beaumont, J., MacDiarmid, A., Rokamnt D. A., & Ahyong, S. T. (2010).
Marine biodiversity of Aotearoa New ZealaflL.oS Ong5(8), e10905.

Gordon, J., Leaper, R., Hartley, F.G., & Chapp@ll, (1992).Effects of whale-watching
vessels on the surface and underwater acoustic belvaof sperm whales off
Kaikoura, New ZealandHead Office, Department of Conservation.

Gordon, J., Gillespie, D., Potter, J., Frantzis,immonds, M. P., Swift, R., & Thompson,
D. (2003). A review of the effects of seismic sywv@®n marine mammal®larine
Technology Society Journal, (&7, 16-34.

Gray, H., & Van Waerebeek, K. (2011). Posturalabgity and akinesia in a pantropical
spotted dolphin,Stenella attenuatain proximity to operating airguns of a
geophysical seismic vess@burnal for Nature Conservation, (&, 363-367.

Guerra, M. (2013)Effects of vessels on the surface and vocal betewab bottlenose
dolphins in Doubtful Sound, New Zealafthpublished master’s thesis). University
of Otago, Dunedin, New Zealand.

Guerra, M., Dawson, S. M., Brough, T. E., & Raymeant J. (2014). Effects of boats on
the surface and acoustic behaviour of an endangpogdlation of bottlenose
dolphins.Endangered Species Research, Z211-236.

Hammond, P.S., Bearzi, G., Bjgrge, A., Forney, Karczmarski, L., Kasuya, T., Perrin,
W.F., Scott, M.D., Wang, J.Y., Wells, R.S. & Wilsdd. (2008).Lagenorhynchus
obscurus In IUCN 2014. IUCN Red List of Threatened Speciésrsion 2014.3.
<www.iucnredlist.org>. Downloaded on: 06 Septen2@t4.

Harlin, A. D., Markowitz, T., Baker, C. S., WursiB,, & Honeycutt, R. L. (2003). Genetic
structure, diversity, and historical demographyN#w Zealand's dusky dolphin
(Lagenorhynchus obscunugournal of MammalogyB4(2), 702-717.

Hardy, T., Williams, R., Caslake, R., & Tregenza,(R012). An investigation of acoustic
deterrent devices to reduce cetacean bycatchimsaore set net fisheryournal of
Cetacean Research and Management] )1 85-90.

Hastie, G. D., Wilson, B., Tufft, L. H., & ThompspR. M. (2003). Bottlenose dolphins
increase breathing synchrony in response to ba#ictrMarine Mammal Science,
19(1), 74-084.

Hatch, L.T., & Wright, A. J. (2007). A brief revieaf anthropogenic sound in the oceans.
International Journal of Comparative Psychology, 201-133.

Hatch, L., Clark, C., Merrick, R., Van Parijs, Bgnirakis, D., Schwehr, K., ... & Wiley, D.
(2008). Characterizing the relative contributiof$ange vessels to total ocean noise

157



fields: a case study using the Gerry E. Studddvitgen Bank National Marine
SanctuaryEnvironmental management,(82, 735-752.

Hawke, D. J. (1989). Dusky dolphirnsagenorhynchus obscurumn the continental shelf
near Otago Peninsula, south-east New Zealdad. Zealand natural sciencds,
113-116.

Henderson, E. E., Smith, M. H., Gassmann, M., WiggiS. M., Douglas, A. B., &
Hildebrand, J. A. (2014). Delphinid behavioral resges to incidental mid-
frequency active sonafmhe Journal of the Acoustical Society of Americz(4),
2003-2014.

Higgins, J.P.T. & Green, S. 201Xochrane handbook for systematic reviews of
interventions Version 5.1.0 [updated March 2011]. The Cochr&uo#laboration,
2011. Available from www.cochrane-handbook.org.

Hildebrand, J., (2005). Impacts of anthropogenignsb In Reynolds Ill, Perrin, Reeves,
Montgomery & Ragen (Eds.)Marine mammal research: conservation beyond
crisis (pp. 101- 124). The Johns Hopkins University PressA.

Hildebrand, J. A. (2009). Anthropogenic and nats@airces of ambient noise in the ocean.
Marine Ecology Progress Series, 3%620.

Holt, M. M., Noren, D. P., Veirs, V., Emmons, C., K& Veirs, S. (2009). Speaking up:
Killer whales Qrcinus orcd increase their call amplitude in response to eless
noise.The Journal of the Acoustical Society of Ameri@i(1), EL27-EL32.

Holt, M. M., Noren, D. P., & Emmons, C. K. (201 Effects of noise levels and call types
on the source levels of killer whale callhe Journal of the Acoustical Society of
America, 13(56), 3100-3106.

Horwood, J. (2009). Sei WhalBalaenoptera borealidn W. Perrin, B. Wursig, & J. G. M.
Thewissen (Eds.Encyclopedia of Marine Mammaf&nd ed., pp. 1001-1003). San
Diego, USA: Academic Press.

Houser, D. S., Martin, S. W., & Finneran, J. J.120 Exposure amplitude and repetition
affect bottlenose dolphin behavioral responsesirtailated mid-frequency sonar
signals.Journal of Experimental Marine Biology and Ecolog43 123-133.

Hudgins, J., & Bachara, W. Multiple Opportunistidos@rvations of Arnoux’s beaked
whales in Doubtful Sound (Patea).

International Whaling Commission. (n.d.). Generatinélples for Whalewatching.
Retrieved fromhttps://iwc.int/wwguidelines

158



Izidoro, F. B., & Le Pendu, Y. (2012). Estuarinelptons Sotalia guianens)s (Van
Bénéden, 1864) (Cetacea: Delphinidae) in Porto Weus$, Brazil: Group
characterization and response to shipstth-Western Journal of Zoology, 832-
240.

Jahoda, M., Lafortuna, C. L., Biassoni, N., AimianC., Azzellino, A., Panigada, S., ... &
Sciara, G. N. (2003). Mediterranean fin whal®aléenoptera physaljisesponse
to small vessels and biopsy sampling assessedgthnipassive tracking and timing
of respirationMarine Mammal Science, (B, 96-110.

Janik, V. M., & Thompson, P. M. (1996). Changessurfacing patterns of bottlenose
dolphins in response to boat traffdarine Mammal Science, (4, 597-602.

Janik, V. M. (2000). Source levels and the estichatetive space of bottlenose dolphin
(Tursiops truncatuswhistles in the Moray Firth, Scotlandournal of Comparative
Physiology A1867-8), 673-680.

Jensen, F. H., Beedholm, K., Wahlberg, M., Bejter& Madsen, P. T. (2012). Estimated
communication range and energetic cost of bottlemmdphin whistles in a tropical
habitat.The Journal of the Acoustical Society of Ameri&i(1), 582-592.

Johnston, D. W. (2002). The effect of acoustic ssmeent devices on harbour porpoises
(Phocoena phocoepain the Bay of Fundy, Canad&iological Conservation,
1081), 113-118.

Kato, H., & Perrin, W. F. (2009). Bryde's Whalgslaenoptera edeni/brydein W. Perrin,
B. Wursig, & J. G. M. Thewissen (EdsBncyclopedia of Marine Mamma(&nd
ed., pp. 158-163). San Diego, USA: Academic Press.

Kastelein, R. A., Rippe, H. T., Vaughan, N., Schemoan, N. M., Verboom, W. C., &
Haan, D. D. (2000). The effects of acoustic alamnsthe behavior of harbor

porpoises Phocoena phocoehan a floating penMarine Mammal Science, (B,
46-64.

Kastelein, R. A., De Haan, D., Vaughan, N., St&aJ,& Schooneman, N. M. (2001). The
influence of three acoustic alarms on the behawbimarbour porpoise$focoena
phocoenain a floating penMarine Environmental Research, (82, 351-371.

Kastelein, R. A., Verboom, W. C., Muijsers, M., damgs, N. V., & Van der Heul, S.
(2005). The influence of acoustic emissions foramater data transmission on the
behaviour of harbour porpoiseBHocoena phocoehan a floating penMarine
Environmental Research, &9, 287-307.

Kastelein, R. A., Jennings, N., Verboom, W. C., Baan, D., & Schooneman, N. M.
(2006). Differences in the response of a stripdgido (Stenella coeruleoalba) and

159



a harbour porpoise Phocoena phocoehpato an acoustic alarmMarine
Environmental Research, @), 363-378.

Kastelein, R. A., Verboom, W. C., Jennings, N.,Hsan, D., & Van Der Heul, S. (2008a).
The influence of 70 and 120k Hz tonal signals anlikhavior of harbor porpoises
(Phocoena phocoehan a floating penMarine Environmental Research, (86,
319-326.

Kastelein, R. A., Verboom, W. C., Jennings, N., & Haan, D. (2008b). Behavioral
avoidance threshold level of a harbor porpoisthoCoena phocoehpafor a
continuous 50 kHz pure ton&he Journal of the Acoustical Society of America,
1234), 1858-1861.

Kastelein, R. A., Steen, N., de Jong, C., WensvBed,, & Verboom, W. C. (2011). Effect
of broadband-noise masking on the behavioral respasf a harbor porpoise
(Phocoena phocoehdo 1-s duration 6—7 kHz sonar up-swe€efize Journal of the
Acoustical Society of America, 129, 2307-2315.

Kastelein, R. A., Gransier, R., Hoek, L., & Olthuls (2012a). Temporary threshold shifts
and recovery in a harbor porpoisthpcoena phocoepafter octave-band noise at 4
kHz. The Journal of the Acoustical Society of Ameri@&2(3), 3525-3537.

Kastelein, R. A., Steen, N., Gransier, R., Wensyd&nJ., & De Jong, C. A. (2012b).
Threshold received sound pressure levels of sihgkekHz and 6—7 kHz up-sweeps
and down-sweeps causing startle responses in aorhgtwpoise Phocoena
phocoena The Journal of the Acoustical Society of Ameri&d(3), 2325-2333.

Kastelein, R. A., Steen, N., Gransier, R., WensydenJ., & De Jong, C. A. (2012c).
Threshold received sound pressure levels of sihgkekHz and 6—7 kHz up-sweeps
and down-sweeps causing startle responses in aorhgtwpoise Phocoena
phocoena The Journal of the Acoustical Society of Ameri&d(3), 2325-2333.

Kastelein, R. A., van Heerden, D., Gransier, RKH@&ek, L. (2013a). Behavioral responses
of a harbor porpoisePfiocoena phocoepdo playbacks of broadband pile driving
soundsMarine Environmental Research, ,2206-214.

Kastelein, R. A., Gransier, R., Hoek, L., & Rambhalyt (2013b). Hearing frequency
thresholds of a harbor porpoisBhocoena phocoepaemporarily affected by a
continuous 1.5 kHz ton@he Journal of the Acoustical Society of Amerk33),
2286-2292.

Kastelein, R. A., Hoek, L., Gransier, R., de Jo8g,A., Terhune, J. M., & Jennings, N.

(2014). Hearing thresholds of a harbor porposocoena phocoehdor playbacks
of seal scarer signals, and effects of the sigmalsehaviorHydrobiologig 1-15.

160



Kenney, R. D. (2009). Right Whal&sibalena glacialisE. japonicaandE. australis In W.
Perrin, B. Wursig, & J. G. M. Thewissen (Ed&hcyclopedia of Marine Mammals
(2nd ed., pp. 962-972). San Diego, USA: Academas®r

Ketten, D. R., Lien, J., & Todd, S. (1993). Blagjury in humpback whale ears: evidence
and implicationsThe Journal of the Acoustical Society of Americ&38 1849-
1850.

Ketten, D. R. (1997). Structure and function in {eh@arsBioacoustics, @L-2), 103-135.

Kight, C. R., & Swaddle, J. P. (2011). How and vemyvironmental noise impacts animals:
an integrative, mechanistic revielacology letters, 14.0), 1052-1061.

Kight, C. R., Saha, M. S., & Swaddle, J. P. (20B2)thropogenic noise is associated with
reductions in the productivity of breeding eastefoluebirds Gialia
sialis). Ecological Applications, A7), 1989-1996.

Koschinski, S., & Culik, B. M. (1997). Deterring t@ur porpoisesRhocoena phocoepa
from gillnets: observed reactions to passive rédlesc and pingers.Report
International Whaling Commission Scientific Comew{t47 659-668.

Koschinski, S., Culik, B. M., Henriksen, O. D., §ienza, N., Ellis, G., Jansen, C., & Kathe,
G. (2003). Behavioural reactions of free-rangingoptses and seals to the noise of
a simulated 2 MW windpower generatddarine Ecology Progress Series, 265
263-273.

Koski, W.R., Funk, D.W., Ireland, D.S., Lyons, ®acrander, A.M & Voparil, I. (2008)
Feeding by bowhead whales near an offshore seisumey in the Beaufort Sea.
International Whaling Commission Scientific Comestt

Kuningas, S., Kvadsheim, P. H., Lam, F. P. A., &ll&fi P. J. (2013). Killer whale
presence in relation to naval sonar activity arel/@bundance in northern Norway.
ICES Journal of Marine Science: Journal du Cons&i7), 1287-1293.

Kumar, S., Graham, J., West, A. M., & Evangelidta,H. (2014). Using district-level
occurrences in MaxEnt for predicting the invasiateptial of an exotic insect pest
in India. Computers and Electronics in Agriculture, 1G%-62.

Kuperman, W. A. (2013). Ocean noise: Lose it or isén Proceedings of Meetings on
AcousticqVol. 19, No. 1, p. 040115). Acoustical SocietyAsherica.

Laake, J. L., Rugh, D. J., & Baraff, L. S. (1998bservations of harbor porpoise in the
vicinity of acoustic alarms on a set gill n&tS Department of Commerce, National
Oceanic and Atmospheric Administration, National rida Fisheries Service,
Alaska Fisheries Science Center.

161



Laiolo, P. (2010). The emerging significance of dmoustics in animal species
conservationBiological Conservation, 143), 1635-1645.

La Manna, G., Manghi, M., Pavan, G., Lo Mascolq, &.Sara, G. (2013). Behavioural
strategy of common bottlenose dolphinBursiops truncatus in response to
different kinds of boats in the waters of Lampedusknd (Italy. Aquatic
Conservation: Marine and Freshwater Ecosystem&R345-757.

Leatherwood, S., & Reeves, R. R. (Eds.). (20I8g bottlenose dolphirklsevier.

Leeney, R. H., Berrow, S., McGrath, D., O'Brien,Gosgrove, R., & Godley, B. J. (2007).
Effects of pingers on the behaviour of bottlenosklins. Journal of the Marine
Biological Association of the United Kingdom(8); 129-133.

Lemon, M., Lynch, T. P., Cato, D. H., & Harcourt, 8. (2006). Response of travelling
bottlenose dolphinsTrsiops aduncyso experimental approaches by a powerboat
in Jervis Bay, New South Wales, Australgiological Conservation, 124), 363-
372.

Lengagne, T. (2008). Traffic noise affects commatan behaviour in a breeding anuran,
Hyla arboreaBiological conservation, 148), 2023-2031.

Lesage, V., Barrette, C., Kingsley, M., & Sjare,(B999). The effect of vessel noise on the
vocal behavior of belugas in the St. Lawrence Rigstuary, Canadaviarine
Mammal Sciencel5(1), 65-84.

Lindsay, R. E. (2014).Spatial ecology of humpback whales in the Southifieac
(Unpublished master’s thesis). University of AucidaAuckland, New Zealand.

Littell, J. H., Corcoran, J., & Pillai, V. (2008Bystematic Reviews and Meta-analysis
(Pocket Guides to Social Work Research Methodsjoi@xUK: Oxford University
Press.

Ljungblad, D. K., Wursig, B., Swartz, S. L., & KeznJ. M. (1988). Observations on the
behavioral responses of bowhead whaBsldena mysticet)ito active geophysical
vessels in the Alaskan Beaufort SAectic, 183-194.

Lortie, C. J. (2014). Formalized synthesis oppdties for ecology: systematic reviews and
metaanalysesOikos, 12838), 897-902.

Lowry, E., Rollinson, E. J., Laybourn, A. J., S¢dtt E., AielloLammens, M. E., Gray, S.
M., ... & Gurevitch, J. (2013). Biological invas&ina field synopsis, systematic
review, and database of the literatuieology and Evolution,(3), 182-196.

Lucke, K., Lepper, P. A., Hoeve, B., Everaarts, \&an EIk, N., & Siebert, U. (2007).
Perception of low-frequency acoustic signals byaabbur porpoise Rhocoena

162



phocoena in the presence of simulated offshore wind tugbimoise. Aquatic
Mammals, 3@L), 55-68.

Lucke, K., Siebert, U., Lepper, P. A., & Blanchét, A. (2009). Temporary shift in masked
hearing thresholds in a harbor porpoigthdcoena phocoehaafter exposure to
seismic airgun stimuliThe Journal of the Acoustical Society of Americ2i(8),
4060-4070.

Luis, A. R., Couchinho, M. N., & Santos, M. E. (2)1Changes in the acoustic behavior of
resident bottlenose dolphins near operating vedgealsne Mammal Scienc80(4),
1417-1426.

Lundquist, D., Gemmell, N. J., & Wirsig, B. (201Behavioural responses of dusky
dolphin groups lagenorhynchus obscurud¢o tour vessels off Kaikoura, New
ZealandPloS One, {7), e41969.

Lusseau, D., & Slooten, E. (2002). Cetacean sightoif the Fiordland coastlin8cience
for Conservation187, 42.

Lusseau, D. (2003). Male and female bottlenose hiledpTursiops spp. have different
strategies to avoid interactions with tour boatDwubtful Sound, New Zealand.
Marine Ecology Progress Series, 22b67-274.

Lusseau, D. (2005). Residency pattern of bottlersaphins Tursiops spp. in Milford
Sound, New Zealand, is related to boat traffitarine Ecology Progress Series,
295 265-272.

Lusseau, D. (2006). The short-term behavioural tr@as of bottlenose dolphins to
interactions with boats in Doubtful Sound, New Zea. Marine Mammal Science,
22(4), 802-818.

Lusseau, D., Slooten, L., & Currey, R. J. (2006)sustainable dolphin-watching tourism
in Fiordland, New Zealand.ourism in Marine Environments(, 173-178.

Lusseau, D., Bain, D. E., Williams, R., & Smith,d. (2009). Vessel traffic disrupts the
foraging behavior of southern resident killer wisal@rcinus orcaEndangered
Species Research(3), 211-221.

Lyamin, O. I, Korneva, S. M., Rozhnov, V. V., & Muoametov, L. M. (2011).
Cardiorespiratory changes in beluga in responseadoustic noise.Doklady
Biological Sciences, 440Q1), 275-278.

Ma, B. B., & Nystuen, J. A. (2005). Passive acaudgtection and measurement of rainfall
at seaJournal of atmospheric and oceanic technology8221225-1248.

163



Madsen, P. T., & Mghl, B. (2000). Sperm whalBbyseter catodoh. 1758) do not react
to sounds from detonator3he Journal of the Acoustical Society of America,
107(1), 668-671.

Madsen, P. T., Mghl, B., Nielsen, B. K., & Wahlbelg. (2002). Male sperm whale
behaviour during exposures to distant seismic supdses.Aquatic Mammals,
28(3), 231-240.

Magalhées, S., Prieto, R., Silva, M. A., Goncalwkes,Afonso-Dias, M., & Santos, R. S.
(2002). Short-term reactions of sperm whalekySeter macrocephaluso whale-
watching vessels in the Azorésquatic Mammals, 48), 267-274.

Malme, C. I, Miles, P. R., Tyack, P., Clark, C.,\&.Bird, J. E. (1985)Investigation of the
potential effects of underwater noise from petroiendustry activities on feeding
humpback whale behavioFinal report (No. PB-86-218385/XAB; BBN-5851).
Bolt, Beranek and Newman, Inc., Cambridge, MA (USA)

Malme, C. |., Wirsig, B., Bird, J. E., & Tyack, PL988). Observations of feeding gray
whale responses to controlled industrial noise swpm Port and Ocean
Engineering Under Arctic Conditions, 35-73.

MMC-US Marine Mammal Commission. (200Mlarine Mammals and Noise: A Sound
Approach to Research and ManagemehtReport to the US Congress from the
Marine Mammal Commission. Bethesda, MD: US Maringnial Commission.

Marine Mammal Commission. (2007Ylarine mammals and noise: a sound approach to
research and managemeni Report to Congress from the Marine Mammal
Commission, March.

Marine Mammal Protection Act of 1972 (as amende@®720 (2007). Retrieved from
www.nmfs.noaa.gov/pr/pdfs/laws/mmpa.pdf

Marine Mammals Protection Regulations 1992. (2014Retrieved from
http://www.legislation.govt.nz/regulation/publicA®/0322/latest/DLM168286.html

Martinez, E. (2010)Responses of South Island Hector's dolph@ephalorhynchus hectori
hector) to vessel activity in Akaroa Harbour, Banks Penia, New Zealand
(Unpublished doctoral dissertation). Massey Uningr&uckland, New Zealand.

Martins, D. T. L. (2010)Caracterizacido do repertério acustico do boto cinZatalia
guianensise impacto de embarcac¢des no nordeste do Br@ddsters dissertation,
Universidade Federal do Rio Grande do Norte, NeBagsil). Retrieved from
http://repositorio.ufrn.br:8080/jspui/handle/123486/17299

164



Mattson, M.C., Thomas, J., & St. Aubin, D. (20053)eEt of boat activity on the behaviour
of Bottlenose dolphin Tursiops truncatusin waters surrounding Hilton Head
Island, South CarolingAquatic Mammals, 31), 133-140.

May-Collado, L. J., & Quifiones-Lebron, S. G. (2Q1@plphin changes in whistle structure
with watercraft activity depends on their behaviosgate. The Journal of the
Acoustical Society of America, (3% EL193-EL198.

McCarthy, E., Moretti, D., Thomas, L., DiMarzio, , NMorrissey, R., Jarvis, S., ... & Dilley,
A. (2011). Changes in spatial and temporal distidou and vocal behavior of
Blainville's beaked whalesMesoplodon densirostiisduring multiship exercises
with mid-frequency sonaMarine Mammal Science, &3), E206-E226.

McCauley, R. D., Fewtrell, J., Duncan, A. J., Jenri@, Jenner, M-N., Penrose, J. D.,
...McCabe, K. 2000. Marine seismic surveys — A stunly environmental
implications. APPEA Journal 692-708.

McCauley, R., Duncan, A., Penrose, J., & McCabe(2003). Marine seismic surveys:
analysis and propagation of air-gun signals; andeefs of air-gun exposure on
humpback whales, sea turtles, fishes and sqiéport R99-15). Perth, Western
Australia.

McDonald, M. A. (2006). An acoustic survey of baleshales off Great Barrier Island,
New ZealandNew Zealand Journal of Marine and Freshwater Reslead(4),
519-529.

McKenna, M.F. (2011)Blue Whale Response to Underwater Noise from Cooah&hips
(Unpublished doctoral dissertation). UniversityGalifornia, San Diego, USA.

McKenna, M.F. (2011)Blue Whale Response to Underwater Noise from Cooiah&hips
(Unpublished doctoral dissertation). UniversityGalifornia, San Diego, USA.

Mead, J. G., & Baker, A. N. (1987). Notes on theerbeaked whaldylesoplodon hectori
(Gray).Journal of the Royal Society of New Zealahd(3), 303-312.

Melcon, M. L., Cummins, A. J., Kerosky, S. M., RechL. K., Wiggins, S. M., &
Hildebrand, J. A. (2012). Blue whales respond tthiapogenic noisePLoS One
7(2), e32681.

Merow, C., Smith, M. J., & Silander, J. A. (2018)practical guide to MaxEnt for
modeling species’ distributions: what it does, amy inputs and settings matter.
Ecography, 36L0), 1058-1069.

Merriman, M. G. (2007).Abundance and behavioural ecology of bottlenoseldos
(Tursiops truncatysin the Marlborough Sounds, New Zealaidnpublished
master’s thesis), Massey University, Auckland, Nesaland.

165



Miller, M. L., (1993). The rise of coastal and nmeitourism.Ocean and Coastal
Management 20081-199.

Miller, P. J., Biassoni, N., Samuels, A., & Tyadk, L. (2000). Whale songs lengthen in
response to sonaXature, 4096789), 903-903.

Miller, L. J., Solangi, M., & Kuczaj, S. A. (2008)mmediate response of Atlantic
bottlenose dolphins to high-speed personal watiérarathe Mississippi Sound.
Journal of the Marine Biological Association of tbaited Kingdom, 8®6), 1139-
1143.

Miller, P. J., Johnson, M. P., Madsen, P. T., BiagsN., Quero, M., & Tyack, P. L. (2009).
Using at-sea experiments to study the effectsrglias on the foraging behavior of
sperm whales in the Gulf of Mexiceep Sea Research Part I: Oceanographic
Research Papers, 66, 1168-1181.

Miller, P. J., Kvadsheim, P. H., Lam, F. P. A., Weeen, P. J., Antunes, R., Alves, A. C.,
... & Sivle, L. D. (2012). The severity of behawabrchanges observed during
experimental exposures of killeO(cinus orcg, long-finned pilot Globicephala
melag, and sperm whalesPfiyseter macrocephalugo naval sonar.Aquatic
Mammals, 38362-401.

Miller, P. J., Antunes, R. N., Wensveen, P. J., & F. ., Alves, A. C., Tyack, P. L., ...
& Thomas, L. (2014). Dose-response relationshipsttie onset of avoidance of
sonar by free-ranging killer whale3he Journal of the Acoustical Society of
America, 138), 975-993.

Miller BS, K Collins, J Barlow, S Calderan, R Leapkl McDonald, P Ensor, PA Olson, C
Olavarria, MC Double. (2014). Blue whale vocalipas recorded around New
Zealand: 1964-2013. Acoust. Soc. Am.13%16-23.

Ministerio de Agricultura, Alimentacion y Medio Armdnte (2012).Documento técnico
sobre impactos y mitigacion de la contaminacionséica marina.Madrid. 146 pp.

Mobley Jr, J. R. (2005). Assessing responses oplmack whales to North Pacific Acoustic
Laboratory (NPAL) transmissions: Results of 20002G&erial surveys north of
Kauai.The Journal of the Acoustical Society of Amerid&/(3), 1666-1673.

Mghl, B., Wahlberg, M., Madsen, P. T., Miller, L.,A& Surlykke, A. (2000). Sperm whale
clicks: Directionality and source level revisitedhe Journal of the Acoustical
Society of Americd,07(1), 638-648.

Mghl, B., Wahlberg, M., Madsen, P. T., Heerfordt, & Lund, A. (2003). The monopulsed
nature of sperm whale click¥he Journal of the Acoustical Society of America
114(2), 1143-1154.

166



Monteiro-Neto, C., Avila, F. J. C., Alves-Jr., T.,TAraGjo, D. S., Martins, A. M. M.,
Parente, C. L...Lien, J. (2004). Behavioral respomde3otalia fluviatilis(Cetacea,
Delphinidae) to acoustic pingers, Fortaleza, Bra#drine Mammal Science, 20,
145-151.

Mooney, T. A., Nachtigall, P. E., Breese, M., VlashS., & Au, W. W. (2009a). Predicting
temporary threshold shifts in a bottlenose dolgfirsiops truncatus The effects
of noise level and durationfThe Journal of the Acoustical Society of America,
1253), 1816-1826.

Mooney, T. A., Nachtigall, P. E., & Vlachos, S. @@b). Sonar-induced temporary hearing
loss in dolphins. Biology letters, 5(4), 565-567.

Morete, M. E., Bisi, T. L., & Rosso, S. (2007). Met and calf humpback whale responses
to vessels around the Abrolhos Archipelago, Baldeazil. Journal Cetacean
Research and Managemen{3p 241-248.

Morley, E. L., Jones, G., & Radford, A. N. (2013he importance of invertebrates when
considering the impacts of anthropogenic ndseceedings of the Royal Society B:
Biological Sciences, 281776), 20132683.

Morton, A. B., & Symonds, H. K. (2002). Displacemesf Orcinus orca(L.) by high
amplitude sound in British Columbia, Canat@ES Journal of Marine Science:
Journal du Conseil, 5§9), 71-80.

Moura, A. E., Sillero, N., & Rodrigues, A. (2012 ommon dolphin (Delphinus delphis)
habitat preferences using data from two platforingpportunity.Acta Oecologica,
38, 24-32.

Mullin, K. D., & Fulling, G. L. (2004). Abundancef @etaceans in the oceanic northern
Gulf of Mexico, 1996-200IMarine Mammal Science, @0, 787-807.

Nachtigall, P. E., Supin, A. Y., Pawloski, J., & AW. W. (2004). Temporary threshold
shifts after noise exposure in the bottlenose dolphursiops truncatuysmeasured
using evoked auditory potentialdarine Mammal Science, @0, 673-687.

Nachtigall, P. E., Pawloski, J. L., & Au, W. W. @8). Temporary threshold shifts and
recovery following noise exposure in the Atlantiotttenosed dolphinTursiops
truncatug. The Journal of the Acoustical Society of Amerids(@), 3425-3429.

National Research Council. (200&)cean noise and marine mammalgashington, D.C.
National Academies Press.

Neumann, D. R. (2001Yhe behaviour and ecology of short-beaked commadphihs
(Delphinus delphisalong the east coast of Coromandel PeninsulatiNtsiand,

167



New Zealand: with a note on their interactions witrmangUnpublished doctoral
dissertation), Massey University, Auckland, New [Aed.

Neumann, D. R., & Orams, M. B. (2006). Impacts adteurism on short-beaked common
dolphins Delphinus delphisin Mercury Bay, New ZealandAquatic Mammals,
32(1), 1-9.

Ng, S. L., & Leung, S. (2003). Behavioral respowdendo-Pacific humpback dolphin
(Sousa chinensis) to vessel traffidarine Environmental Research, (56, 555-567.

Nichols, C., Stone, G., Hutt, A., Brown, J., & Yashga, A. (2001).Observations of
interactions between Hector's dolphin€efphalorhynchus hectdri boats and
people at Akaroa Harbour, New Zealar&tience for Conservation, (178).

Niu, F. Q., Liu, Z. W., Wen, H. T., Xu, D. W., & Y@, Y. M. (2012). Behavioral responses
of two captive bottlenose dolphingursiops truncatysto a continuous 50 kHz
tone.The Journal of the Acoustical Society of Ameri&i(2), 1643-1649.

Noren, D. P., Johnson, A. H., Rehder, D., & Larsdn(2009). Close approaches by vessels
elicit surface active behaviors by southern rediddher whales. Endangered
Species Research(3, 179-192.

Nowacek, S. M., Wells, R. S., & Solow, A. R. (200$hort/term effects of boat traffic on
Bottlenose dolphinsTursiops truncatusin Sarasota bay, Floridéarine Mammal
Science, 1), 673-688.

Nowacek, D. P., Johnson, M. P., & Tyack, P. L. @0North Atlantic right whales
(Eubalaena glacialis) ignore ships but respondetiag stimuli.Proceedings of the
Royal Society of London. Series B: Biological Sosn2711536), 227-231.

Nowacek, D. P., Thorne, L. H., Johnston, D. W., &adk, P. L. (2007). Responses of
cetaceans to anthropogenic noidammal Review, 32), 81-115.

Nowacek, D. P., & Tyack, P. L. (2008). Assessiffgas of anthropogenic noise on the
behaviour of marine mammaRBioacoustics, 1(Z-3), 338-341.

Nummela, S., Thewissen, J. G. M., Bajpai, S., HussS. T., & Kumar , K. (2004). Eocene
evolution of whale hearindNature 430776 — 778.

Nummela, S. (2009). Hearing. In W. Perrin, B. Wgrs& J. G. M. Thewissen (Eds.),
Encyclopedia of Marine Mammal@nd ed., pp. 553-562). San Diego, USA:
Academic Press

Nystuen, J. A., & Farmer, D. M. (1987). The infleenof wind on the underwater sound
generated by light rainThe Journal of the Acoustical Society of Americ(18
270-274.

168



O'Callaghan, T. M., & Baker, C. S. (2003ummer cetacean community, with particular
reference to Bryde's whales, in the Hauraki GuléwNZealand Department of
Conservation.

O’Connor, S., Campbell, R., Cortez, H., & Knowl&s, 2009, Whale-watching Worldwide:
tourism numbers, expenditures and expanding ecanbemefits, a special report
from the International Fund for Animal Welfare, Yasuth MA, USA.

Ocean Studies Board. (200B8jarine mammal populations and ocean noise: Deteingin
when noises causes biologically significant eftddegtional Academies Press.

Olesiuk, P. F., Nichol, L. M., Sowden, M. J., & Hord. K. (2002). Effect of the sound
generated by an acoustic harassment device on dlaive abundance and
distribution of harbor porpoise®liocoena phocoehan Retreat Passage, British
Columbia.Marine Mammal Science, (48, 843-862.

Olson, P. A. (2009). Pilot whal&3lobicephala melaandGlobicephala macrorhynchugn
W. Perrin, B. Wursig, & J. G. M. Thewissen (Ed€ncyclopedia of Marine
Mammals(2nd ed., pp. 847-852). San Diego, USA: Academas§’

Ortiz-Yusti, C.; Resptrepo, A.; Paez, V.P. (2018jstribucion potencial déodocnemis
lewyana (Reptilia: Podocnemididae) y su posible fluctuackiajo escenarios de
cambio climatico globalcta Biol6gica Colombina. 19):471-481.

Papale, E., Azzolin, M., & Giacoma, C. (2012). \&ssaffic affects bottlenose dolphin
(Tursiops truncatus behaviour in waters surrounding Lampedusa Islasulith
Italy. Journal of the Marine Biological Association of tbaited Kingdom, 9@8),
1877-1885.

Parks, S. E., Clark, C. W., & Tyack, P. L. (200%jort-and long-term changes in right
whale calling behavior: the potential effects ofseoon acoustic communication.
The Journal of the Acoustical Society of Ameri@2(@), 3725-3731.

Parks, S. E., Johnson, M., Nowacek, D., & TyacK,.R2011). Individual right whales call
louder in increased environmental noiBalogy Letters, {1), 33-35.

Parsons, E. C. (2013)\n Introduction to Marine Mammal Biology and Conssron Jones
& Bartlett Publishers.

Passchier-Vermeer, W., & Passchier, W. F. (200®is& exposure and public health.
Environmental health perspectives, 188ppl 1), 123.

Patenaude, N. J., Baker, C. S., & Gales, N. J.§19bservations of southern right whales
on New Zealand's subantarctic wintering grouhistine Mammal Sciencé4(2),
350-355.

169



Patenaude, N. J. (2003gightings of Southern Right Whales Around "maitilaNew
Zealand(p. 43). Department of Conservation.

Patenaude, N. J., Richardson, W. J., Smultea, MK@&ski, W. R., Miller, G. W., Wrsig,
B., & GReene, C. R. (2002). Aircraft sound andutisance to bowhead and beluga
whales during spring migration in the Alaskan BeauiSea.Marine Mammal
Science, 1), 309-335.

Pavan, G., 2007Guidelines to address the issue of the impact dirapogenic noise on
marine mammals in the ACCOBAMS aré&a Report to the Third Meeting of the
Contracting Parties.

Pereira, M. G., Bazzalo, M., & Flores, P. D. C. @2 Surface behavioral responses of
marine tucuxi dolphins to boats in southern Bra#&evista Brasileira de
Zoociéncias, @), 123-135.

Perrin, W. F. (2009). Common Dolphilphinus delphiandD. capensisin W. Perrin,
B. Wursig, & J. G. M. Thewissen (EdsBncyclopedia of Marine Mamma(&nd
ed., pp. 255-259). San Diego, USA: Academic Press.

Phillips, S. J., Anderson, R. P., & Schapire, R(ZD06). Maximum entropy modeling of
species geographic distributio®sological modelling19Q(3), 231-259.

Phillips, S. J., & Dudik, M. (2008). Modeling of esies distributions with Maxent: new
extensions and a comprehensive evaluat@ography 31(2), 161-175.

Phillips, S. J. A brief tutorial on Maxent, verssor8.3.1. Available online:
http://www.cs.princeton.edu/~schapire/maxent/ (ased on August 19, 2009).

Pine, M.K. (2014). Marine bioacoustics: The impoga of sound in the marine
environmentNew Zealand Acoustics, @&}, 5-12.

Pirotta, E., Milor, R., Quick, N., Moretti, D., DMarzio, N., Tyack, P., ... & Hastie, G.
(2012). Vessel noise affects beaked whale behargsults of a dedicated acoustic
response studyLoS One7(8), e42535.

Pirotta, E., Laesser, B. E., Hardaker, A., Riddd¢h,Marcoux, M., & Lusseau, D. (2013).
Dredging displaces bottlenose dolphins from an miggal foraging patchMarine
pollution bulletin, 741), 396-402.

Pirotta, E., Brookes, K. L., Graham, I. M., & Thosam, P. M. (2014). Variation in harbour

porpoise activity in response to seismic surveys@oBiology letters, 1(b),
20131090.

170



Pirotta, E., Merchant, N. D., Thompson, P. M., BartT. R., & Lusseau, D. (2015).
Quantifying the effect of boat disturbance on leoitise dolphin foraging activity.
Biological Conservation, 18182-89.

Pitman, R. L., & Ensor, P. (2003). Three forms itlek whales Qrcinus orcg in Antarctic
waters.Journal of Cetacean Research and Managemégj, $31-140.

Piwetz, S., Hung, S., Wang, J., Lundquist, D., &aMdig, B. (2012). Influence of vessel
traffic on movements of Indo-Pacific humpback dafgh(Sousa chinensisoff
Lantau Island, Hong Kond\quatic Mammals, 38), 325-331.

Polacheck, T., & Thorpe, L. (1990). The swimmingedtion of harbor porpoise in
relationship to a survey vessBleport of the International Whaling Commission,40
463-470.

Pompa, S., Ehrlich, P. R., & Ceballos, G. (2011pbal distribution and conservation of
marine mammalsProceedings of the National Academy of Science8(33)
13600-13605.

Popov, V. V., Supin, A. Y., Wang, D., Wang, K., @prL_., & Wang, S. (2011). Noise-
induced temporary threshold shift and recovery iangtze finless porpoises
Neophocaena phocaenoides asiaeorientdll®e Journal of the Acoustical Society
of America, 13(), 574-584.

Popov, V. V., Supin, A. Y., Rozhnov, V. V., Necha& |., Sysuyeva, E. V., Klishin, V.
O., ... & Tarakanov, M. B. (2013). Hearing threshshifts and recovery after noise
exposure in beluga whaleBelphinapterus leucas. The Journal of experimental
biology, 21€9), 1587-1596.

Popper, A. N. (2003). Effects of anthropogenic stsuon fisheskFisheries, 2810), 24-31.

Rayment, W., Dawson, S., & Slooten, E. (2010). 8eals changes in distribution of
Hector's dolphin at Banks Peninsula, New Zealamghlications for protected area
design.Aquatic Conservation: Marine and Freshwater Ecosys, 201), 106-116.

Rayment, W., Clement, D., Dawson, S., Slooten&Secchi, E. (2011). Distribution of
Hector's dolphin Cephalorhynchus hectQrbff the west coast, South Island, New
Zealand, with implications for the management oftdigh. Marine Mammal
Science, 2[2), 398-420.

Rayment, W., Davidson, A., Dawson, S., Slooteng&BWebster, T. (2012). Distribution of
southern right whales on the Auckland Islands calvgrounds.New Zealand
Journal of Marine and Freshwater Research(3)6431-436.

Rako, N., Fortuna, C. M., Holcer, D., Mackelworkh, Nimak-Wood, M., Pleslj G., ... &
Picciulin, M. (2013). Leisure boating noise asigger for the displacement of the

171



bottlenose dolphins of the Cres—LoSinj archipel@gothern Adriatic Sea, Croatia).
Marine Pollution Bulletin68(1), 77-84.

Rankin, S., & Evans, W. E. (1998). Effect of ldkequency seismic exploration signals on
the cetaceans of the Gulf of Mexicbhe Journal of the Acoustical Society of
America, 108), 2908-2908.

Reeves, R.R., Dawson, S.M., Jefferson, T.A., Kaeuaii, L., Laidre, K., O’Corry-Crowe,
G., Rojas-Bracho, L., Secchi, E.R., Slooten, E.itlismB.D., Wang, J.Y. & Zhou, K.
(2013a).Cephalorhynchus hectorin IUCN 2014. IUCN Red List of Threatened
Species. Version 2014.3. <www.iucnredlist.org>. Diwvaded on: 01 September
2014.

Reeves, R.R., Dawson, S.M., Jefferson, T.A., Kaeai, L., Laidre, K., O’Corry-Crowe,
G., Rojas-Bracho, L., Secchi, E.R., Slooten, E.itm.D., Wang, J.Y. & Zhou, K.
(2013b). Cephalorhynchus hectossp.maui In IJUCN 2014. IUCN Red List of
Threatened Species. Version 2014.3. <www.iucnredig>. Downloaded on: 01
September 2014.

Reid, A. M., Lamarque, L. J., & Lortie, C. J. (201@ systematic review of the recent
ecological literature on cushion plants: champiafsplant facilitation. Web
Ecology, 1Q1), 44-49.

Reidenberg, J. S., & Laitman, J. T. (2007). Discpwd a low frequency sound source in
Mysticeti (baleen whales): Anatomical establishmaina vocal fold homologThe
Anatomical Record, 296), 745-759.

Reilly, S.B., Bannister, J.L., Best, P.B., Brown,, Brownell Jr., R.L., Butterworth, D.S.,
Clapham, P.J., Cooke, J., Donovan, G.P., Urban, &J.Zerbini, A.N.
(2008a) Balaenoptera acutorostratdn IUCN 2014. IUCN Red List of Threatened
Species. Version 2014.3._<www.iucnredlist.org>. Dvaded on: 25 September
2014.

Reilly, S.B., Bannister, J.L., Best, P.B., Brown,, Brownell Jr., R.L., Butterworth, D.S.,
Clapham, P.J., Cooke, J., Donovan, G.P., Urbar& Zerbini, A.N. (2008e).
Megaptera novaeangliadn IUCN 2014. IUCN Red List of Threatened Species
Version 2014.3. <www.iucnredlist.org>. Downloaded 80 September 2014.

Reilly, S.B., Bannister, J.L., Best, P.B., Brown,, Brownell Jr., R.L., Butterworth, D.S.,
Clapham, P.J., Cooke, J., Donovan, G.P., Urbarg& Zerbini, A.N. (2008g).
Balaenoptera edeni. In IUCN 2014. IUCN Red LisiTbofeatened Species. Version
2014.3. <www.iucnredlist.org>. Downloaded on: Opteenber 2014.

Reilly, S.B., Bannister, J.L., Best, P.B., Brown,, Brownell Jr., R.L., Butterworth, D.S.,
Clapham, P.J., Cooke, J., Donovan, G.P., Urban, &J.Zerbini, A.N.
(2013a) Eubalaena australisIn ITUCN 2014. IUCN Red List of Threatened

172



Species. Version 2014.3._<www.iucnredlist.org>. Dtvaded on 26 September
2014.

Rendell, L. E., & Gordon, J. C. D. (1999). Vocakpense of long-finned pilot whales
(Globicephala melgsto military sonar in the Ligurian Sedlarine Mammal
Science, 18), 198-204.

Rice, D. W. (1998)Marine mammals of the world: systematics and distion Society
for Marine Mammalogy.

Richardson, W. J., Fraker, M. A., Wirsig, B., & I¢eR. S. (1985). Behaviour of bowhead
whalesBalaena mysticetusummering in the Beaufort Sea: Reactions to im@ist
activities.Biological Conservation, 33), 195-230.

Richardson, W. J., Wiirsig, B., & Greene Jr, C. B86). Reactions of bowhead whales,
Balaena mysticetuysto seismic exploration in the Canadian Beaufcet.She
Journal of the Acoustical Society of America(4§91117-1128.

Richardson, W. J., Wursig, B., & Greene, C. R. (@9%Reactions of bowhead whales,
Balaena mysticetudo drilling and dredging noise in the Canadiaralffert Sea.
Marine Environmental Research, (29, 135-160.

Richardson, W. J., Greene Jr, C. R., Malme, C&IlThomson, D. H. (1995)Marine
mammals and noisécademic press.

Richter, C. F., Dawson, S., & Slooten, E. (20@&)erm whale watching off Kaikoura, New
Zealand: effects of current activities on surfacargl vocalisation pattern. 78).
Wellington: Department of Conservation.

Richter, C., Dawson, S., & Slooten, E. (2006). letpaof commercial whale watching on
male sperm whales at Kaikoura, New Zealdavidrine Mammal Scien¢22(1), 46-
63.

Ridgway, S. H., Carter, D. A., Smith, R. R., Kamoky T., & Schlundt, C. E. (1997).
Behavioral Responses and Temporary Shift in MadKedring Threshold of
Bottlenose DolphinsTursiops truncatyso 1-second Tones of 141 to 201 dB re 1
Micron Pa (No. NRAD-TR-1751). Naval Command Control and Qtea
Surveillance Center RDT and DIV San Diego CA.

Risch, D., Corkeron, P. J., Ellison, W. T., & Vamris, S. M. (2012). Changes in
humpback whale song occurrence in response to @mstac source 200 km away.
PloS one, 1), e29741.

Robertson, F. C., Koski, W. R., Thomas, T. A., Ridson, W. J., Wirsig, B., & Trites, A.
W. (2013). Seismic operations have variable effenisdive-cycle behavior of
bowhead whales in the Beaufort SEadangered Species Research, 43-160.

173



Rolland, R. M., Parks, S. E., Hunt, K. E., Castell®/., Corkeron, P. J., Nowacek, D. P., ...
& Kraus, S. D. (2012). Evidence that ship noiseréases stress in right whales.
Proceedings of the Royal Society B: Biological Soés 2791737), 2363-2368.

Sagnol, O. J. Y. (2014). Spatial and temporal ihstion of sperm whalesPhyseter
macrocephaluswithin the Kaikoura submarine canyon in relatioroceanographic
variables (Unpublished doctoral thesis). Universify Canterbury, Christchurch,
New Zealand.

Sagnol, O., Richter, C., Field, L. H., & Reitsma,(E014). Spatio-temporal distribution of
sperm whalesRhyseter macrocephalusff Kaikoura, New Zealand, in relation to
bathymetric featuredlew Zealand Journal of Zoologfahead-of-print), 1-14.

Samaran, F., Gandilhon, N., Gonzalez, R. P., Ha¢c&ennedy, A., & Adam, O. (2012).
Passive hydro-acoustics for cetacean census aralisition. In Le Galliard,
Guarini GaillSensors for ecology, 63

Santos-Jr, E., Pansard, K. C., Yamamoto, M. E.,h&l@ppa, S. (2006). Comportamento
do boto-cinza, Sotalia guianensis(Van Bénédén) (Cetacea, Delphinidae) na
presenca de barcos de turismo na Praia de PipaGRinde do Norte, Brasil.
Revista Brasileira de Zoologia, £3: 661-666.

Santos, M. S., Schiavetti, A., & Alvarez, M. R. (&). Surface patterns dbotalia
guianensis(Cetacea: Delphinidae) in the presence of boatBart of Malhado,
Ilhéus, Bahia, BrazilLatin American Journal of Aquatic Research(}180-88.

Schaffar, A., Madon, B., Garrigue, C., & ConstaetifR. (2013). Behavioural effects of
whale-watching activities on an endangered popmratof humpback whales
wintering in New Caledoni&ndangered Species Research31.9245-254.

Scheidat, M., Castro, C., Gonzalez, J., & WilliarRs, (2004). Behavioural responses of
humpback whalesMegaptera novaeanglia¢o whalewatching boats near Isla de la
Plata, Machalilla National Park, Ecuadalournal of Cetacean Research and
Management, @), 63-68.

Scheidat, M., Tougaard, J., Brasseur, S., Carstedsevan Polanen Petel, T., Teilmann, J.,
& Reijnders, P. (2011). Harbour porpois€h¢coena phocoepand wind farms: a
case study in the Dutch North S&avironmental Research Letter$2)s 025102.

Scheifele, P. M., Andrew, S., Cooper, R. A., DaiMe, Musiek, F. E., & Max, L. (2005).
Indication of a Lombard vocal response in the Stwience River belugalhe
Journal of the Acoustical Society of America, (B),/71486-1492.

Schlundt, C. E., Finneran, J. J., Carder, D. ARiflgway, S. H. (2000). Temporary shift in
masked hearing thresholds of bottlenose dolphingsidps truncatus, and white

174



whales, Delphinapterus leucas, after exposuretemse tonesThe Journal of the
Acoustical Society of America, 1687, 3496-3508.

Sears, R., & Perrin, W. f. (2009). Blue Whdalaenoptera musculusn W. Perrin, B.
Wursig, & J. G. M. Thewissen (EdsBncyclopedia of Marine Mamma(&nd ed.,
pp. 120-124). San Diego, USA: Academic Press.

Senelder, T., Leathwick, J., Dey, K., Fenwick., Bancis., M., Gorma, R.,... Zeldis, J.
(2005).Marine Environmental ClassificatioiRetrieved from
http://www.mfe.govt.nz/publications/environmentaporting/new-zealand-marine-
environment-classification-overview

Siemers, B. M., & Schaub, A. (2011). Hunting at tmghway: traffic noise reduces
foraging efficiency in acoustic predatoBroceedings of the Royal Society B:
Biological Sciences, 218712), 1646-1652.

Simmonds, M., Dolman, S., & Weilgart, L. (2004€ceans of noise: A WDSC Science
report. Retrieved from
http://www.okeanos-foundation.orgé&s8Jploads/OceansofNoise.pdf

Sivle, L. D., Kvadsheim, P. H., Fahlman, A., Lam,Fs A., Tyack, P. L., & Miller, P. J.
(2012). Changes in dive behavior during naval sagosure in killer whales,
long-finned pilot whales, and sperm whalesontiers in physiology, ,31-11.

Slabbekoorn, H., & Ripmeester, E. A. (2008). Bimgoand anthropogenic noise:
implications and applications for conservatibtolecular Ecology, 1{@), 72-83.

Slabbekoorn, H., Bouton, N., van Opzeeland, |.,r€o04., Cate, C., & Popper, A. N.
(2010). A noisy spring: the impact of globally ngi underwater sound levels on
fish. Trends in Ecology & Evolution, 2B), 419-427.

Slooten, E., Dawson, S. M., Rayment, W. J., & Ghitsbuse, S. J. (2005). Distribution of
Maui’'s dolphin,Cephalorhynchus hectori malNew Zealand Fisheries Assessment
Report 28, 21.

Slooten, E., Rayment, W., & Dawson, S. (2006). kife distribution of Hector's dolphins
at Banks Peninsula, New Zealand: is the Banks Bel@nMarine Mammal
sanctuary large enoughfew Zealand Journal of Marine and Freshwater Resear
40(2), 333-343.

Sirovi¢, A., Hildebrand, J. A., & Wiggins, S. M. (2007)Iu8 and fin whale call source
levels and propagation range in the Southern OcHas.Journal of the Acoustical
Society of

Southall, B. L., Bowles, A. E., Ellison, W. T., Feran, J. J., Gentry, R. L., Greene, C. R,
. & Tyack, P. L. (2007). Marine Mammal Noise Espoe Criteria: Initial
Scientific Recommendation8quatic Mammals, 33), 411-522.

175



Stamation, K. A., Croft, D. B., Shaughnessy, P.\Maples, K. A., & Briggs, S. V. (2010).
Behavioral responses of humpback whalekedaptera novaeanglideto whale
watching vessels on the southeastern coast of #isstMarine Mammal Science,
26(1), 98-122.

Steckenreuter, A., Mdller, L., & Harcourt, R. (201Blow does Australia’s largest dolphin-
watching industry affect the behaviour of a smalll aesident population of Indo-
Pacific bottlenose dolphingdurnal of environmental managemedit, 14-21.

Stensland, E., & Berggren, P. (2007). Behaviourbnges in female Indo-Pacific
bottlenose dolphins in response to boat-basedstouiMarine Ecology Progress
Series, 332225-234.

Stewart, G. B., Pullin, A. S., & Coles, C. F. (2005ffects of Wind Turbines on BirdSEE
review, 04-002 (SR4). Collaboration for Environmednt Evidence:
www.environmentalevidence.org/SR4.html.

Stimpert, A. K., DeRuiter, S. L., Southall, B. Moretti, D. J., Falcone, E. A., Goldbogen,
J. A., ... & Calambokidis, J. (2014). Acoustic alodaging behavior of a Baird's
beaked whaleBerardius bairdij exposed to simulated son&cientific reports, 4

Stockin, K. A., Lusseau, D., Binedell, V., Wisem#&h, & Orams, M. B. (2008a). Tourism
affects the behavioural budget of the common dalpiélphinussp. in the Hauraki
Gulf, New ZealandMarine Ecology Progress Series, 3287-295.

Stockin, K. A., Pierce, G. J., Binedell, V., Wisem&l., & Orams, M. B. (2008b). Factors
affecting the occurrence and demographics of comdadphins Delphinussp.) in
the Hauraki Gulf, New Zealandquatic Mammals34(2), 200-211.

Stockin, K. A., & Orams, M. B. (2009). The statiscommon dolphins@elphinus delphis
within New Zealand water&eport of the 61st International Whaling Commission

Stone, G.S., Cavagnaro, L., Hutt, A., Kraus, Sld®m, K., & Brown, J. (2000)Reactions
of Hector's dolphins to acoustic gillnet pingef®eport No. 3071). Wellington,

New Zealand. Department of Conservation.

Stone, C. J., & Tasker, M. L. (2006). The effects@smic airguns on cetaceans in UK
waters.Journal of Cetacean Research and Managemé€8j, 855-263.

Suisted, R., & Neale, D. M. (2004Dpepartment of Conservation marine mammal action
plan for 2005-201@p. 89). Wellington, New Zealand: Department oh€ervation.

Sundermeyer, J. K., Lucke, K., Ddhne, M., Gallus, Kigel, K., & Siebert, U. (2012).
Effects of underwater explosions on presence abddtaise of harbor porpoises in

176



the German Baltic Sedn The Effects of Noise on Aquatic Life (pp. 2891).
Springer New York.

Syfert, M. M., Smith, M. J., & Coomes, D. A. (2013}he effects of sampling bias and
model complexity on the predictive performance cdX#nt species distribution
modelsPloS one, @), e55158.

Swaddle, J. P., & Page, L. C. (2007). High levelsenvironmental noise erode pair
preferences in zebra finches: implications for egmllution. Animal Behaviour,
74(3), 363-368.

Taubitz, E. (2007)Potential effect of whale-watching engine noisat@vocal behavior of
bottlenose dolphins Trsiops truncatys in Bocas del Toro, Panama and
Manzanillo, Costa RicaUnpublished diploma thesis). University of Rogtoc
Rostock, Germany.

Taylor, B.L., Baird, R., Barlow, J., Dawson, S.NFford, J., Mead, J.G., Notarbartolo di
Sciara, G., Wade, P. & Pitman, R.L. (2008)obicephala melasThe IUCN Red
List of Threatened Species. Version 2014.3. <wweniadlist.org>. Downloaded
on: 22 September 2014.

Teilmann, J., & Carstensen, J. (2012). Negativeydmmm effects on harbour porpoises
from a large scale offshore wind farm in the Bakwidence of slow recovery.
Environmental Research Letterg4y, 045101.

Teilmann, J., Tougaard, J., Miller, L. A., KirkeperT., Hansen, K., & Brando, S. (2006).
Reactions of captive Harbor porpoigehpcoena phocoepdo pinger-like sounds.
Marine Mammal Science, €2, 240-260.

Tezanos Pinto, G. (2009). Population structurendaoce and reproductive parameters of
bottlenose dolphinsTrsiops truncatusin the Bay of Islands (Northland, New
Zealand) (Unpublished doctoral dissertation). Thaiversity of Auckland,
Auckland, New Zealand.

Tezanos-Pinto, G., Baker, C. S., Russell, K., MartiK., Baird, R. W., Hutt, A, ... &
Garrigue, C. (2009). A worldwide perspective on thapulation structure and
genetic diversity of bottlenose dolphinFu¢siops truncatysin New Zealand.
Journal of Heredity, 10@), 11-24.

Thewissen, J. G. M. (2009). Sensory Biology: Ovemwiln W. Perrin, B. Wursig, & J. G.
M. Thewissen (Eds.Encyclopedia of Marine Mamma(&nd ed., pp. 1003-1005).
San Diego, USA: Academic Press.

Thomas, J. A., Kastelein, R. A.,, & Awbrey, F. T.99D). Behavior and blood
catecholamines of captive belugas during playbadksoise from an oil drilling
platform.Zoo Biology, %), 393-402.

177



Thompson, P. M., Brookes, K. L., Graham, I. M., Bar T. R., Needham, K., Bradbury,
G., & Merchant, N. D. (2013). Short-term disturbanlby a commercial two-
dimensional seismic survey does not lead to longrtdisplacement of harbour
porpoises Proceedings of the Royal Society B: Biologicalesees, 28(771),
20132001.

Thorne, L. H., Johnston, D. W., Urban, D. L., Tyde,Bejder, L., Baird, R. W., ... & Hill,
M. C. (2012). Predictive modeling of spinner dolpftenella longirostrisresting
habitat in the main Hawaiian Island®oS one, {8), e43167.

Todd, S., Lien, J., Marques, F., Stevick, P., &t&et D. (1996). Behavioural effects of
exposure to underwater explosions in humpback whiegaptera novaeangliae).
Canadian Journal of Zoology, @), 1661-1672.

Torres, L. G. (2013). Evidence for an unrecognibkee whale foraging ground in New
Zealand.New Zealand Journal of Marine and Freshwater Redead{2), 235-
248.

Torres, L. G., Halliday, J., & Sturman, J. (201Bjstribution patterns of cetaceans on 127.
The Chatham Ris&lIWA Client Report No. CRP12302.

Tosi, C. H., & Ferreira, R. G. (2009). Behavior edtuarine dolphin, Sotalia guianensis
(Cetacea, Delphinidae), in controlled boat traffittation at southern coast of Rio
Grande do Norte, BraziBiodiversity and Conservation, (13, 67-78.

Tougaard, J., Carstensen, J., Wisz, M. S., Jespdvke Teilmann, J., Bech, N. I., & Skov,
H. (2006).Harbour porpoises on Horns Reef-effects of the HdReef wind farm
(Report No. 71). Roskilde, Denmark.

Turek, J., Slooten, E., Dawson, S., Rayment, W.Tw&ek, D. (2013). Distribution and
abundance of Hector's dolphins off Otago, New Zwhladlew Zealand Journal of
Marine and Freshwater Research,(2y, 181-191.

Tyack, P. L., Zimmer, W. M., Moretti, D., Southéll, L., Claridge, D. E., Durban, J. W., ...
& Boyd, I. L. (2011). Beaked whales respond to dated and actual navy sonar.
PloS one, &), €17009.

Underhill, K. (2006). Boat traffic effects on thévithg behaviour of bottlenose dolphins
(Tursiops truncatusMontagu) in Sardinia, Italy (Unpublished mastetfgesis).
University of Wales, Bangor, United Kingdom.

United Nations Convention on the Law of the Sea.d.Jn Retrieved from
www.un.org/depts/los/convention agreements/textsiclos e.pdf

178



Van Parijs, S. M., & Corkeron, P. J. (2001). Baaffic affects the acoustic behaviour of
Pacific humpback dolphins, Sousa chinendsurnal of the Marine Biological
Association of the United Kingdom,(83), 533-538.

Van Waerebeek, K., & Wirsig, B. (2009). Dusky dafpbagenorhynchus obscurum W.
Perrin, B. Wursig, & J. G. M. Thewissen (Ed&hcyclopedia of Marine Mammals
(2nd ed., pp. 335-338). San Diego, USA: Academes®r

Vincent, W. F., Wake, G. C., Austin, P. C., & Bradf, J. M. (1989). Modelling the upper
limit to oceanic phytoplankton production as a fume of latitude in the New
Zealand Exclusive Economic Zor¢ew Zealand journal of marine and freshwater
research, 2@), 401-410.

Visser, I. N. (1999). Antarctic orca in New Zealandters?New Zealand Journal of
Marine and Freshwater Research,:33515-520.

Visser, I. (2000). OrcaOrcinus orcg in New Zealand waters (Unpublished doctoral
dissertation). The University of Auckland, Aucklaméew Zealand.

Visser, I. N. (2007). Killer Whales in New Zealakdaters: Status and Distribution with
Comments on ForagingUnpublished report (SC/59/SM19) to the Scientific
Committee, International Whaling Commission.

Visser, I. N., Zaeschmar, J., Halliday, J., Abrah&m Ball, P., Bradley, R., ... & Pace, D.
S. (2010). First record of predation on false kilidhales Pseudorca crassidepby
killer whales Qrcinus orcg. Aquatic Mammals36(2), 195-204.

Visser, F., Hartman, K. L., Rood, E. J., Hendriks,J., Zult, D. B., Wolff, W. J., ... &
Pierce, G. J. (2011). Risso's dolphins alter dasting pattern in response to whale
watching at the Azore84arine Mammal Science, &), 366-381.

Warren, P. S., Katti, M., Ermann, M., & Brazel, 006). Urban bioacoustics: it's not just
noise.Animal behaviour, 7(B), 491-502.

Wartzok, D & Ketten, D. R. (1992). Marine MammalnSery Systems. In J. Reynolds and
S. Rommel (Eds.)Biology of Marine Mammalgpp. 117-175). Smithsonian
Institution Press, 1999.

Watkins, W. A., & Schevill, W. E. (1975). Sperm vies Physeter catodgnreact to
pingers.Deep Sea Research and Oceanographic Abstract3, 223-129.

Webb, B. F. (1973). Cetaceans sighted off the weast of the south Island, New Zealand,
Summer 1970 (note).

Weilgart, L. S. (2007a). A brief review of knownfexdts of noise on marine mammals.
International Journal of Comparative Psychology(20

179



Weilgart, L. S. (2007b). The impacts of anthropageocean noise on cetaceans and
implications for managemer@anadian Journal of Zoology, 861), 1091-1116.

Weir, J. S. (2007)Dusky dolphin nursery groups off Kaikoura, New Zedl(Unpublished
Masters dissertation). Texas A&M University, USA.

Weir, C. R., & Dolman, S. J. (2007). Comparativeiew of the regional marine mammal
mitigation guidelines implemented during industsaismic surveys, and guidance
towards a worldwide standardournal of International Wildlife Law and Policy,
10(1), 1-27.

Wells, R. S., & Scott, M. D. (2009). Common Bottse DolphinTursiops truncatusin
W. Perrin, B. Wursig, & J. G. M. Thewissen (Ed€ncyclopedia of Marine
Mammals(2nd ed., pp. 249-255). San Diego, USA: Academ&s®.

Whitehead, H. (2009). Sperm wh&ayseter macrocephaluk W. Perrin, B. Wursig, & J.
G. M. Thewissen (Eds.Encyclopedia of Marine Mammal&nd ed., pp. 1091-
1097). San Diego, USA: Academic Press.

Williams, J. A., Dawson, S. M., & Slooten, E. (1993he abundance and distribution of
bottlenosed dolphinsT@rsiops truncatus in Doubtful Sound, New Zealand.
Canadian Journal of Zoology1(10), 2080-2088.

Wiseman, N., Parsons, S., Stockin, K. A., & BakerS. (2011). Seasonal occurrence and
distribution of Bryde's whales in the Hauraki GiNfew ZealandMarine Mammal
Science, 2@), E253-E267.

Wisz, M. S., Hijmans, R. J., Li, J., Peterson, A. Graham, C. H., & Guisan, A. (2008).
Effects of sample size on the performance of sgetigtribution modelDiversity
and Distributions, 16), 763-773.

Wiirsig, B., Duprey, N., & Weir, J. (2007). Duskylpleins (Lagenorhynchus obscurus
New Zealand water®resent knowledge and research goals. DOC Reseandh
Development Serig&70, 1-28.

Wursig, B., & Richardson, W. J. (2008). Effects wbise. Encyclopedia of Marine
Mammals(2nd ed., pp. 794-802). San Diego, USA: Academ&s$®

Wysocki, L. E., Dittami, J. P., & Ladich, F. (2006hip noise and cortisol secretion in
European freshwater fishdéiological Conservation, 148), 501-508.

Young, N., Carter, L., & Evangelista, P. (2011)MaxEnt model v3. 3.3 e tutorial (ArcGIS

v10). Natural Resource Ecology Laboratory, Colorado Statei versity, Fort
Coallins, CO.

180



Zerbini, A. N., Secchi, E. R., Siciliano, S., &nes-Lopes, P. C. (1997). A review of the
occurrence and distribution of whales of the geBaisenopteraalong the Brazilian
coast. Report of the International Whaling Commission, , 4407-417.

181






Appendices

Appendix 3.1.Modified PRISMA flowchart providing the steps oftdaollection for

the systematic review.
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Animal Welfare
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Biodiversity Conservation
Biological Conservation
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Bulletin-Japanese Society of Scientific
Fisheries

Canadian Journal of Fisheries and
Aquatic Sciences

Canadian Journal of Zoology
Conservation Biology

Deep-Sea Research and
Oceanographic Abstracts
Deep-Sea Research |

Deep-Sea Research Il

Doklady Biological Sciences
Endangered Species Research
Environmental Conservation
Environmental Monitoring and
Assessment

Environmental Research Letters
Fishery Bulletin

Frontiers in Physiology
Hydrobiologia

ICES Journal of Marine Science
International Whaling Commission

Appendix 3.2.Full name of the journals cited in the systemegigew.

Journal Cetacean Research and
Management

Journal for Nature Conservation
Journal of Environmental Management
Journal of Experimental Marine
Biology and Ecology

Journal of Marine Animals and Their
Ecology

Journal of the Acoustic Society of
America

Journal of the Marine Biological
Association of the United Kingdom
Journal of Zoology

Latin American Journal of Aquatic
Research

Marine and Freshwater Behaviour and
Physiology

Marine Ecology Progress Series
Marine Environmental Research
Marine Mammal Science

Marine Pollution Bulletin

Nature

North-western Journal of Zoology
Plos One

Proceedings of the Royal Society of
London. Series B

Revista Brasileira de Zoociéncias
Revista Brasileira de Zoologia
Scientific Reports

The Journal of Experimental Biology
Zoo Biology
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Appendix 4.1.Global distribution of cetaceans. Maps were basetU&N cetaceans
Map 1. Global distribution ofEubalaena australigdark blue),Balaenoptera acutorostrata

(light blue) andB. bonaerensipink).

distribution maps.
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Map 2. Global distribution oBalaenoptera eder(dark blue),B. musculuglight blue) andB.

borealis(pink).
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Map 3. Global distribution ofCaperea marginatédark blue),Megaptera novaeangliaglight

blue) andBalaenoptera physalupink).

Map 4. Global distribution ofGlobicephala melaéblue) ands. macrorhynchugpink).
v
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Map 5. Global distribution ofLagenorhynchus crucigefdark blue),Grampus griseuglight
blue) andDelphinus delphigpink).

Map 6. Global distribution of Lagenorhynchus obscuru@ark blue) andTursiops

truncatus(light blue stripes).
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Map 7. Global distribution of Lissodelphis perondidark blue),Orcinus orca(light blue) and

Pseudorca crassider{pink).

Map 8. Global distribution oKogia brevicepgdark blue) andk. sima(pink).
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Map 9. Global distribution oPhocoena dioptrica

Map 10. Global distribution ofPhyseter macrocephalwedult males (blue) and females and

young males (pink).
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