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Pounds per Square Inch
Permanent Threshold Shift

Radio Detection And Ranging
Random Effects Smoothing
Root-Mean-Square

Remotely Operated Vehicle
Sub-Bottom Profiler

Sound Exposure Level
cumulative Sound Exposure Level
Sound Level

Sound Navigation And Ranging
Sound Pressure Level

Sea Surface Temperatures
Subduction-to-Strike-Slip Transition
Sound Transmission-Loss

Sound Transmission-Loss Modelling
Subduction-to-Strike-Slip Transition
Sverdrup

Sound-Velocity Profiling
Temporary Threshold Shift
Underwater Radiated Noise
Universal Transverse Mercator
Vessel Traffic Services

Very High Frequency

World Geodetic System

World Ocean Atlas 2018

Zone of Influence

microPascal

Degrees

The point at which the seismic or other acoustic source
begins operating.

Sparse to thick mats of juvenile algae (seaweed) less
than 2cm high

Variation in density structure causing pressure
surfaces and density surfaces not to align, influencing
vertical shear and internal motion.

Flow that is depth-uniform or governed primarily by
pressure gradients independent of density
stratification.

Large-scale, surface-level ocean waves driven by the
gravitational forces of the moon and sun, moving the
entire water column in phase.

Measurement and description of seafloor depth and
morphology.
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Benthic

Biogenic habitat
By-catch
Continental shelf
Cubic inch
Demersal

Diapycnal mixing
Epifaunal

Euphotic zone

Exclusion zone

Hapu

Heterotrophic

Hydrodynamic forcing

Infaunal
Internal tide

Internal wave

Inverted barometer

effect
Isotropic

Iwi

Kelp forest
Level 1 survey
Level 2 survey
Level 3 survey
Macroalgal reef
Maori

Mataitai
Mitigation zone

Mixotrophic
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Relating to the seabed or organisms living on or within
seabed sediments.

Habitat created or structured by living organisms,
such as kelp beds, coral thickets, or shellfish reefs.
Non-target species caught incidentally during fishing
operations.

Submerged margin of a continent extending from the
coast to the shelf break.

Cubic inch (in3®), common measurement of volume
used in seismic research, 1 CUI = 0.016387064 |
Relating to or inhabiting the part of the sea close to
the seabed

Mixing across density surfaces in the water column.
Living on the surface of the seabed or on other
organisms.

The sunlit upper water column where photosynthesis
can occur.

A defined area around an acoustic source within which
operations are delayed or stopped if specified species
are detected.

A subtribe or clan which functions as a political unit
within Maori society

Describing an organism which obtains carbon and
energy by consuming organic matter from other
organisms

Physical forcing caused by water movement, including
tides, waves, currents, and turbulence.

Living within seabed sediments.

Internal wave generated when tidal currents interact
with stratified water and bathymetry.

Wave occurring within the water column along density
gradients, rather than at the sea surface.
Sea-level response to changes in
pressure.

Having physical properties which do not vary when
measured in different directions

Largest social groups in Maori society, often translated
as tribe

Dense habitat-forming assemblage of large brown
algae.

An operational acoustic source capacity of >427 CUI
(in3®) (>7.0L)

An operational acoustic source capacity of 151-426
CUI (in3) (2.47-6.98 L)

An operational acoustic source capacity of <150 CUI
(in3) (<2.46 L)

Seaweed bed

Indigenous Polynesian people of New Zealand
Reserves provided for customary fishing use and
management practices.

A defined monitoring area around an activity where
mitigation actions are applied.

Capable of obtaining energy through both
photosynthesis and consumption of organic material.

atmospheric
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Otolith

Particle motion
Pelagic

pH

Phototrophic
Plankton

Pycnocline

Raukawa Moana
Receptor

Residual circulation
Residual risk

Sessile
Sound channel

Sound speed profile
Subtidal

Taiapure

Takutai moana

Tangata whenua

Te Tai o Marokura
Trophic pathway

Turbulence
Water column

Wave-current
interaction
Whanau
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Dense inner-ear structure used by fish to detect
particle motion and balance.

Oscillatory displacement, velocity, or acceleration of
water particles in a sound field.

Relating to the open water column rather than the
seabed or coast.

Power of Hydrogen, a measure of the acidity or
basicity (alkalinity) of an aqueous solution

Using light as an energy source.

Organisms suspended in the water column, including
phytoplankton and zooplankton.

Layer in the water column where density changes
rapidly with depth.

Cook Strait

Ecological feature or species group that may be
affected by a project activity.

Net flow remaining after short-period oscillatory
motions, such as tides, are averaged out.

Risk remaining after mitigation measures have been
applied.

Fixed in place and unable to move freely.
Water-column layer where sound can propagate
efficiently because of sound-speed structure.

Vertical profile of sound speed in seawater, controlled
mainly by temperature, salinity, and pressure.

Below the low-tide level or relating to processes
occurring below the tidal range.

Traditional Maori fishing grounds in estuarine or
littoral coastal areas that also include areas of special
spiritual or cultural significance

The marine and coastal area starting from the mean
high-tide mark and ending 12 nautical miles (22.2 km)
out to sea

A specific group of people with historical claim to a
certain district (or Maori people as a whole)

Kaikoura

Ecological pathway through which energy or effects
are transferred through food-web interactions.
Irregular, chaotic water motion that promotes mixing.
The vertical body of water between the sea surface
and seabed.

Modification of waves by currents or currents by
waves, affecting sea state and turbulence.

Extended family group which is formed of several
generations and forms the political version below hapu
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SUMMARY

The Subduction-to-Strike-Slip Transition (SUBTRANS) survey is a multidisciplinary
geophysical investigation designed to improve understanding of the tectonic
transition between the Hikurangi subduction margin and the Marlborough Fault
System within central New Zealand. This Marine Mammal Impact Assessment
(MMIA) was prepared for GEOMAR Helmholtz Centre for Ocean Research Kiel to
evaluate the potential environmental effects of a 23-day offshore survey
programme scheduled within Cook Strait and the southern Hikurangi Margin in
February and March 2027. The proposed activities comprise approximately 15 days
of Level 1 seismic operations using a 5,420 in3 (approximately 90 L) G-Gun airgun
array, deployment and recovery of 42 Ocean Bottom Seismometers (OBS), vessel
operations, and associated scientific activities. The MMIA was undertaken in
accordance with the Marine Mammals Protection Act 1978, the Exclusive Economic
Zone and Continental Shelf (Environmental Effects) Act 2012, and the 2013 Code
of Conduct for Minimising Acoustic Disturbance to Marine Mammals from Seismic
Survey Operations.

The assessment was developed through integration of physical oceanography,
bathymetry, habitat characterisation, species-distribution data, published
literature, acoustic modelling, and structured environmental risk assessment. The
area of biological relevance encompasses one of the most tectonically and
oceanographically complex marine environments globally, characterised by water
depths ranging from approximately 50 m on the continental shelf to >2,700 m
within adjacent offshore basins, strong tidal currents exceeding 3 ms™! in
constricted regions, steep bathymetric gradients, submarine canyon systems, and
highly heterogeneous habitats. Baseline characterisation identified at least 27
marine mammal species with potential occurrence within the wider area of
biological relevance, including blue whale (Balaenoptera musculus), minke whale
(Balaenoptera acutorostrata), potentially (although less likely), Hector’s and Maui
dolphin (Cephalorhynchus hectori and C. h. maui respectively), sperm whales
(Physeter macrocephalus), beaked whales, and New Zealand fur seals
(Arctocephalus forsteri).

A site-specific sound transmission-loss assessment was undertaken using a range-
dependent Parabolic Equation propagation model to characterise regional acoustic
propagation under representative shallow-water (approximately 25 m water depth)
and deep-water (approximately 2,372 m water depth) scenarios. Broadband
simulations were conducted across frequency bands of 12.5-250 Hz and 12.5-
1,000 Hz. The modelling demonstrated that water depth, bathymetry and
propagation direction strongly influence acoustic propagation within the study area,
producing highly directional and spatially heterogeneous sound fields. The
representative deep-water scenario produced a substantially broader propagation
domain than the shallow-water scenario, with propagation strongly influenced by
basin geometry, shelf-break morphology and submarine canyon systems. The
standardised 3,600-s SELwm fields used for these analyses provide a common basis
for comparing regional propagation behaviour and should not be interpreted as
operational cumulative exposure experienced by an individual receptor. For the
separate comparison with the 2013 Code of Conduct, representative 1-s received
SELs at 200 m, 1 km and 1.5 km remained below the corresponding Code criteria;
the screening assessment therefore does not indicate a requirement to expand the
prescribed mitigation zones on the basis of these modelled receiver levels.
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Potential environmental effects were evaluated for marine mammals, seabirds,
marine reptiles, fish, elasmobranchs, marine invertebrates and zooplankton,
benthic habitats, commercial fisheries, tangata whenua interests, other marine
users, and cumulative environmental values. For marine mammals, the principal
potential effects considered included vessel collision, behavioural disturbance,
displacement, acoustic masking, physical and auditory effects associated with
seismic exposure, and indirect effects mediated through prey. The revised species-
specific assessment incorporated updated population-exposure and receptor-
valuation parameters, while other ecological receptors were assessed qualitatively
at broad taxonomic-group level. Physical or auditory effects are principally
associated with comparatively high exposures close to the active seismic source,
whereas behavioural disturbance and masking may occur at lower received levels
and potentially over greater distances. Persistent population-level effects are not
predicted on the basis of the available evidence and proposed mitigation.

Mitigation measures include implementation of the 2013 Code of Conduct, use of
dedicated Marine Mammal Observers (MMOs) and Passive Acoustic Monitoring
Operators (PAMOs), 24-hour acoustic monitoring capability, pre-start observations,
soft-start procedures, prescribed mitigation and shutdown requirements, vessel-
speed controls, and detailed reporting protocols. The revised assessment indicates
that implementation of these measures reduces the likelihood and potential
consequences of close-range exposure of marine mammals, while qualitative
assessment of other ecological receptors does not predict persistent population- or
community-level effects. No significant adverse effects on marine mammal
populations, critical habitats, ecosystem functioning, commercial activities, or
cultural values are anticipated on the basis of the information available and
implementation of the applicable mitigation and regulatory requirements.

Overall, the assessment indicates that the proposed SUBTRANS survey can be
undertaken while maintaining a high level of environmental protection. Potential
effects are expected to be predominantly temporary and context-dependent, and
implementation of the applicable regulatory requirements, mitigation measures
and monitoring programme is expected to reduce the likelihood and consequences
of significant adverse effects on marine mammals and other ecological receptors.
The survey will provide important new information on one of the world’s most
complex subduction-to-strike-slip transition zones while remaining consistent with
New Zealand’s environmental management and marine-mammal protection
requirements.

13
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1. INTRODUCTION

Globally, many whale and seal populations were hunted to near extinction by
commercial whalers and sealers in the 19™ and 20™ centuries before the
International Whaling Commission (IWC) enacted a moratorium on commercial
whaling (Clapham and Baker, 2002; Leaper et al., 2008; Richards, 2009); however,
many populations are now on the rise, benefiting from regulations and protections
of countries worldwide. Many marine mammal species remain threatened or
endangered, facing pressures from climate change, habitat degradation, and by-
catch or entanglement in commercial fisheries. Anthropogenic noise represents an
additional and increasingly significant stressor for these species.

Marine mammals, and in particular cetaceans, use different sound frequency bands
for a number of activities, which include, but are not limited to: communication,
navigation, foraging, and a range of activities within the wider social group such as
cohesive actions, warnings, and maternal relationships (Southall et al., 2007;
André et al., 2010; Erbe et al., 2018; Southall et al., 2019; NMFS, 2024). Sound
perception and production is also an important sensory modality for pinnipeds -
eared seals and sea lions (Schusterman and van Parijs, 2003; Reichmuth et al.,
2013; Mikkelsen et al., 2019; Vincenzi et al., 2019; Sills et al., 2025). Given that
effects of noise on marine mammals are variable and depend greatly on noise
characteristics (e.g. source level/type of noise), weather conditions, nearby
vessels, local sound propagation conditions, and receiver characteristics with
regards to sensitivity and bandwidth of hearing, determining the extent of impact
is challenging (Todd, 2016; Merchant et al., 2018; Benda-Beckmann et al., 2019).

Anthropogenic noise can impact marine mammals in several ways, including:

1. Masking of important sounds (including communication signals, echolocation,
sounds associated with finding prey or avoiding predators, and human
threats such as shipping);

2. Alterations in behaviour (including displacement from
feeding/breeding/migration habitat);

3. Hearing loss (temporary or permanent);

4. Chronic stress; and,

5. In extreme cases may cause death (Richardson et al., 1995; Nowacek et al.,
2007; Wright et al., 2007; Andersen et al., 2012; Johnston et al., 2012;
Todd et al., 2015; Nabi et al., 2018; NMFS, 2018; Southall et al., 2019).

Anthropogenic noise can also affect marine mammals indirectly through impact to
both adult and juvenile/larval stages of prey, such as fish and invertebrates (e.g.
Packard et al., 1990; Simpson et al., 2010; Radford et al., 2011; Holles et al.,
2013; de Jong et al., 2018; Wale et al., 2019). Considered together, there is little
doubt operationally noisy activities (such as seismic surveys) are detrimental to
marine mammal species at both the individual and population level (Todd, 2016)
as it has potential to induce possible ecological impacts on local marine mammal
species via both direct and indirect effects (Todd et al., 2015).

New Zealand has a broad and rich fauna of marine mammals, including almost half
of the world’s cetaceans being reported in the waters around the islands (DOC,
2025). Important species include Hector’s dolphin (Cephalorhynchus hectori) and
Maui’s dolphin (Cephalorhynchus hectori maui), both of which are endemic to New
Zealand, rare beaked whales, New Zealand fur seal (Arctocephalus forsteri), and
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southern right whale (Eubalaena australis). To protect New Zealand’s vibrant array
of marine mammals from noise from seismic surveys, the Department of
Conservation (DOC) enacted the ‘2013 Code of Conduct for minimising acoustic
disturbance to marine mammals from seismic survey operations’ (hereafter '2013
Code of Conduct'; DOC, 2013), which applies to the 200 nautical mile (370.4 km)
Exclusive Economic Zone (EEZ) of New Zealand’s continental waters. The main
purpose of the 2013 Code of Conduct is to mitigate the impact to marine mammals
from seismic surveys (Section 1.2). All provisions of the 2013 Code of Conduct
must be complied with, in order to undertake a seismic survey as a permitted
activity in New Zealand’s EEZ.

A Marine Mammal Impact Assessment (MMIA) is a requirement under the 2013
Code of Conduct for seismic surveys. The purpose of a MMIA is to identify, quantify,
and evaluate potential impacts to marine mammals in the operational area from a
seismic survey. MMIAs must also include descriptions of the existing environment,
including details of marine mammals and other marine megafauna, e.g. fish,
sharks, seabirds, etc. Additionally, transmission-loss modelling of underwater noise
is undertaken to assess whether the mitigation zone distance specified in the code
is sufficient for the seismic airgun in use, and to characterise long-range
propagation and its potential overlap with critical habitat. Additional requirements
under the 2013 Code of Conduct include a consultation (Section 4) and a Marine
Mammal Mitigation Plan (APPENDIX A — MITIGATION PROTOCOL).

1.1. SUBTRANS

The Subduction-to-Strike-Slip Transition (SSST) in central New Zealand describes
the geo-dynamically complex region in which plate boundary deformation
transitions from subduction to strike-slip faulting ' along the Pacific—Australian
plate boundary. This transition occurs across the southern Hikurangi margin, the
Cook Strait region, and into the Marlborough Fault System, forming one of the
clearest global examples of along-strike variation in plate boundary style (Wallace
et al., 2012). In the North Island, convergence is accommodated primarily by
subduction of the Pacific Plate beneath the Australian Plate at the Hikurangi margin.
Southwards, the relative plate motion is transferred progressively from the
subduction interface onto upper-plate faults, resulting in predominantly strike-slip
deformation within the South Island (Power et al., 2016).

The SSST is distributed spatially rather than abruptly, involving partitioning of plate
motion across multiple tectonic structures. Geodetic and geological datasets
demonstrate that convergence rates decrease southwards along the Hikurangi
margin, with deformation accommodated increasingly by crustal strike-slip faults
within the upper plate (Wallace et al., 2012). This transfer of motion is facilitated
through a system of obliqgue and strike-slip faults, including those of the
Marlborough Fault System, which act to redistribute strain across the transition
zone. The result is a coupled system in which subduction processes persist at depth
while strike-slip deformation dominates in the upper crust, producing a
mechanically complex and multi-layered plate boundary (Power et al., 2016).

1a subduction-to-strike-slip transition is where the plate boundary changes from ‘one plate going under’
to ‘plates sliding sideways'.
15
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The SSST region is characterised by:

e Spatially variable coupling along the subduction interface, including areas of
strong inter-seismic locking and slow-slip behaviour;

e Distributed crustal deformation expressed through multiple active faults,
rather than a single discrete plate boundary;

e Temporally variable seismic behaviour, including interactions between
megathrust and crustal fault systems; and,

e Complex three-dimensional plate geometry, with changes in slab dip, fault
orientation, and deformation style across relatively short spatial scales
(Wallace et al., 2012; Power et al., 2016).

These characteristics underpin the high seismic hazard of the region and confer a
capacity for multi-fault rupture, as demonstrated in recent large earthquakes (e.g.
2016 Mw 7.8 Kaikoura) within central New Zealand. Consequently, the SUBTRANS
experiment has significant implications for both seismic hazard assessment and
applied marine geoscience. The coexistence of subduction and strike-slip processes
facilitates complex rupture propagation pathways, including interactions between
megathrust earthquakes and upper-plate fault systems (Power et al., 2016).

From an applied perspective, including offshore survey and environmental
assessment contexts, the tectonic complexity of the SUBTRANS region influences:

Seafloor morphology and sediment pathways;

Spatial distribution of active faults and associated geohazards;
Temporo-spatial patterns in seismicity and ground motion propagation; and,
Structural heterogeneity that may affect acoustic propagation and
subsurface imaging.

These interactions are linked mechanistically, with active tectonics driving
geomorphological evolution and structural complexity, which in turn influence
physical and acoustic processes in the marine environment.

1.1.1. Survey aims

The aim of the SUBTRANS seismic survey is to test three hypotheses concerning
geophysical construction of the sea floor within the Cook Strait. These hypotheses
are:

1. Spatial variability in upper-plate structure, elastic-properties and degree of
deformation, control the frictional properties and slip behaviour along the
megathrust underlying SSST zones.

2. Structural inheritance relating to plate boundary evolution strongly influences
the kinematics of current deformation and how strain is distributed
throughout SSST zones.

3. Pronounced changes in upper plate fault connectivity and strike direction,
expected in SSST zones, limit the dimensions of upper-plate fault ruptures.

To explore these hypothesises, onshore, offshore, and ocean-bottom seismic
activities will be conducted to examine the structural and geophysical properties of
the SSST zone. This will be followed up by dense seismic surveying to observe fault
configurations at depth. Wide angle reflections will also be used to assess the
geometry of the megathrust and characteristics between domains of different plate
boundary configuration and earthquake behaviour.
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Records of marine mammals potentially present in the operation zone have been
collated and are described in Section 5.2.6. Key species include blue whales
(Balaenoptera musculus), common dolphin (Delphinus delphis), Hector’s dolphins
(Cephalorhynchus hectori), and Maui’s dolphins (Cephalorhynchus hectori maui)
who are considered particularly vulnerable to seismic activity. As use of seismic
equipment may disturb marine mammals, mitigation must be undertaken to
minimise the risk to marine mammals under the 2013 Code of Conduct (DOC,
2013).

1.1.2. Survey requirements

This MMIA, required as part of the planning process for the SUBTRANS survey, will
be made available to all personnel involved in observational roles. It will be
submitted to the Director-General at the earliest opportunity, and no later than one
month prior to commencement of the survey, in accordance with regulatory
requirements.

Requirement

Location in MMIA

Describe the activities related to the proposed
marine seismic survey

Describe the state of the local environment in
relation to marine species and habitats, with
particular focus on marine mammals, prior to
activities being undertaken

Identify the actual and potential effects of the
activities on the environment and existing
interests, including any conflicts with existing
interests

Identify the significance, in terms of risk and
consequence, of potential negative impacts and
define criteria used in making each determination
Identify persons, organisations, or tangata
whenua with specific interests or expertise
relevant to the potential impacts on the
environment

Describe any consultation undertaken with
persons described above and specify those who
have provided written submissions on the
proposed activities

Include copies of any written submissions from
the consultation process

Specify any possible alternative methods for
undertaking the activities to avoid, remedy or
mitigate any adverse effects

Specify a monitoring and reporting plan

Specify means of coordinating research
opportunities, plans, and activities relating to
reducing and evaluating environmental effects

2. PROJECT ACTIVITIES
DESCRIPTION

5. DESCRIPTION OF
OPERATIONAL AREA

6. POTENTIAL
ENVIRONMENTAL EFFECTS
& MITIGATION METHODS

6. POTENTIAL
ENVIRONMENTAL EFFECTS
& MITIGATION METHODS
4. CONSULTATION &
ENGAGEMENT ACTIVITIES

4. CONSULTATION &
ENGAGEMENT ACTIVITIES

4. CONSULTATION &
ENGAGEMENT ACTIVITIES
6. POTENTIAL
ENVIRONMENTAL EFFECTS
& MITIGATION METHODS
APPENDIX A - MITIGATION
PROTOCOL

7. RESEARCH OPPORTUNITY

Table 1:
Source: OSC (2026).

MMIA requirements and location of

material within the document.
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1.2. 2013 DOC Code of Conduct & status updates

Developed by the New Zealand Government’s Department of Conservation (DOC),
in conjunction with detailed input from Ocean Science Consulting and other experts,
and in force from 29 November 2013, the ‘2013 Code of Conduct for Minimising
Acoustic Disturbance to Marine Mammals from Seismic Survey Operations’ (DOC,
2013) superseded the ‘2012 Code of Conduct for Minimising Acoustic Disturbance
to Marine Mammals from Seismic Survey Operations’. It must be read in
conjunction with the ‘2012 Code of Conduct: reference document’ (DOC, 2012b;
DOC, 2012a). Its primary purpose is to mitigate impacts on marine mammals
arising from seismic survey operations.

The 2013 Code of Conduct applies to all marine seismic survey operations within
New Zealand continental waters, from the coast to the outer edge of the 200
nautical mile (370.4 km) EEZ, including the continental shelf. The 2013 Code of
Conduct is mandatory in these areas. It is also given regulatory effect in some
marine mammal sanctuaries and in parts of the territorial sea via regional coastal
plans developed by regional councils under the Resource Management Act.
Elsewhere, outside the EEZ, marine mammal sanctuaries and territorial sea areas
where the Resource Management Act has been used to give the Code regulatory
effect, application of the Code is voluntary.

The primary objectives of the 2013 Code of Conduct are:

e To minimise disturbance to marine mammals from seismic surveys;

e Minimise noise in the marine environment created from seismic surveys;

e Contribute findings on the physical and behavioural impacts of seismic surveys
on marine mammals to scientific body of knowledge, which will help improve
standardising observations and reporting;

e Allow environmentally responsible and sustainable seismic surveys to take
place in New Zealand continental waters; and,

e Build working relationships between government, research, and industry
stakeholders.

The 2013 Code of Conduct incorporates in-built mitigation measures designed to
reduce both the physical and behavioural risks posed by seismic surveys. The 2013
Code of Conduct has slightly different mitigation procedures based on the level of
acoustic source output. The levels are:

e Level 1: an operational acoustic source capacity of >427 Cubic Inches (CUI;
in3, >7.0 L). These tend to be large-scale geophysical investigations (often
oil & gas);

e level 2: 151-426 CUI (in3, 2.47-6.98 L). Lower scale investigations (often
scientific); and,

e Level 3: <150 CUI (in3, <2.46 L). Small scale survey technologies. Not subject
to provisions of the Code.

A comprehensive MMIA is required to be submitted to the DOC for any projects
that are Level 1 or Level 2. The MMIA assesses potential effects of the seismic
survey on marine mammal species in the operational area and can specify further
mitigation measures if required.

At the time of this MMIA, the ‘Code of Conduct for Minimising Acoustic Disturbance
to Marine Mammals from Seismic Survey Operations’ (DOC, 2013) remains the
current operative guidance administered by DOC, and no formal updated or
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replacement version has been published. The Code continues to be incorporated
explicitly within the regulatory framework governing seismic survey activities in
New Zealand, and compliance with its provisions remains mandatory for permitted
activities undertaken within the EEZ (New Zealand Parliamentary Counsel Office,
2012). The primary statutory framework underpinning these requirements is
provided by the Exclusive Economic Zone and Continental Shelf (Environmental
Effects) Act 2012, which establishes the overarching regime for managing
environmental effects of activities within the EEZ and continental shelf. This Act
enables the development of specific regulations, including activity classifications
and compliance requirements applicable to seismic surveying. The Exclusive
Economic Zone and Continental Shelf (Environmental Effects - Permitted Activities)
Regulations 2013 further define seismic surveying as a permitted activity, subject
to compliance with the DOC Code of Conduct. These regulations form the principal
legal mechanism by which the Code is operationalised within the marine consenting
framework (New Zealand Parliamentary Counsel Office, 2012).

Additional regulatory developments have occurred within the broader legislative
framework, including amendments to Marine Mammal Sanctuary regulations (e.g.
2020), which introduce further spatial and activity-specific restrictions on seismic
surveying. Notwithstanding these developments, such provisions continue to
require compliance with the 2013 Code of Conduct. Accordingly, for the purposes
of this MMIA, the 2013 DOC Code of Conduct remains the primary and current
standard for mitigation of acoustic disturbance to marine mammals, operating
within an evolving but consistent legislative framework defined by the EEZ Act 2012
and its associated regulations.

Full details for all these amendments can be sourced on the following websites:

e Department of Conservation (DOC) - 2013 Code of Conduct for Minimising
Acoustic Disturbance to Marine Mammals from Seismic Survey Operations:
View DOC Code of Conduct overview.

e Environmental Protection Authority (EPA) - Marine seismic survey
requirements: View EPA marine seismic survey guidance.

e New Zealand Legislation - Exclusive Economic Zone and Continental Shelf
(Environmental Effects): View EEZ Act (current consolidated version).

e Ministry for the Environment — Regulations under the Exclusive Economic Zone
and Continental Shelf (Environmental Effects) Act 2012: View EEZ
regulations overview.

e New Zealand Legislation - Marine Mammals Protection Act: View Marine
Mammals Protection Act 1978

1.3. Rationale

This Marine Mammal Impact Assessment (MMIA) has been prepared for the multi-
scale geophysical investigation of the Subduction-to-Strike-Slip Transition, New
Zealand (SUBTRANS), planned within the Cook Strait onshore and offshore region,
New Zealand, which is recognised as an Area of Ecological Importance for marine
mammals by the Department of Conservation (DOC), , in addition the proposed
survey area encompasses two marine mammal sanctuaries: The Clifford and
Cloudy Bay Marine Mammal Sanctuary and The West Coast North Island Marine
Mammal Sanctuary. The survey is scheduled to occur over a 23-day period in
February and March 2027, comprising of ca. 15-day seismic acquisition programme
using Ocean-Bottom Seismometers (OBSs) and associated Sound Velocity Profiling
(SVP), undertaken from the research vessel RV Sonne, operated by the Federal
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Republic of Germany through the Federal Ministry of Education and Research
(BMBF).

Ocean Science Consulting Limited (OSC) was contracted by GEOMAR to undertake
this MMIA in accordance with the New Zealand DOC’s ‘2013 Code of Conduct for
Minimising Acoustic Disturbance to Marine Mammals from Seismic Survey
Operations’ (DOC, 2013). The primary purpose of this assessment is to identify,
quantify, and plan for effective mitigation of the potential impacts of the SUBTRANS
survey on marine mammals within the operational area, while also characterising
the receiving environment, including the physical setting and other ecological
receptors such as fish, marine reptiles, and seabirds. Potential environmental
effects are assessed in Section 6.

This MMIA is required to ensure that the SUBTRANS survey is designed and
implemented in a manner that is scientifically robust, environmentally responsible,
and compliant with regulatory requirements, specifically:

1. Regulatory compliance: the 2013 Code of Conduct (DOC, 2013) mandates
an assessment for any Level 1 or Level 2 seismic survey activity to ensure
that seismic activities do not adversely affect marine mammal populations;

2. Environmental protection: the study aims to examine the structure of SSST
zones to understand the along-strike track and its non-extension into Cook
Strait; however, the use of seismic equipment can disturb marine mammals,
and this assessment identifies, quantifies, and evaluates these potential
impacts to mitigate adverse effects;

3. Scientific insight: findings from this survey will provide unprecedented insight
into how upper plate changes have affected the variability of after-slips
following the Kaikoura earthquake, the manifestation of deformation in
ancestral faults through Cook Strait, and the impact of upper plate fault
connectivity on the deflection of the Kaikoura earthquake trajectory; and,

4. Stakeholder engagement: the MMIA includes information on the physical
environment and marine life in the survey area, ensuring that all relevant
ecological factors are considered. This holistic approach helps in engaging
various stakeholders, including regulatory bodies, environmental
organisations, and the scientific community; and,

5. Mitigation strategies: by identifying potential impacts and proposing
mitigation measures, the MMIA aims to minimise disturbance to marine
mammals and other vulnerable species, ensuring that the survey is
conducted in a responsible and sustainable manner.

Accordingly, this assessment provides a comprehensive, evidence-based
framework to balance the scientific objectives of the SUBTRANS programme with
the protection of marine mammals and their habitats, ensuring that survey
activities are undertaken in accordance with best practice and regulatory
expectations.

2. PROJECT ACTIVITIES DESCRIPTION

This section provides information on the activities that will be undertaken during
the project. Section 2.1 outlines the operation schedule and the area to be
surveyed. Section 2.2 includes the navigation safety measures which will be
affected throughout the project. Section 2.3 outlines the materials used including
the airgun system specifications and ROV equipment. Section 2.4 outlines the
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vessels that will be used during the project and their relevant specifications.
Section 2.5 will discuss the survey design considerations, including the need for
the survey, how this will affect the environment and what timing measures are in
place.

2.1. Timing & location

The survey will be undertaken from the dedicated RV Sonne (Section 2.4) over a
period of 23 days (Table 1) in the Great Cook Strait (GCS), New Zealand, in the
area bounded by 173°E to 177°E and 40.5°S to 43.5°S (Figure 1), in February
and March 2027.

Table 2: Project outline of days at sea. Source: GEOMAR (2025).
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Figure 1: Survey location operational area in relation to marine mammal sanctuaries. The
precise locations of seismic survey lines and OBS locations is subject to reasonable
modifications as new scientific insight evolves leading up to the voyage, and as conditions
on board (weather, logistics) require changes in survey priorities. Source: OSC (2026).

OSC will also provide Marine Mammal Observers (MMOs) and Passive Acoustic
Monitoring Operators (PAMOs), who will be responsible for monitoring, mitigation,
and the collection of information (where available) on marine mammals and other
species of interest within the region. MMOs and PAMOs are authorised to implement
the requirements of the 2013 Code of Conduct, including the cessation of survey
activities where necessary. Further details on mitigation requirements and
MMO/PAMO protocols are provided in APPENDIX A — MITIGATION PROTOCOL.
Survey activities will also be conducted in accordance with the applicable
restrictions and regulatory requirements associated with the two Marine Mammal
Sanctuaries established under the Marine Mammals Protection Act 1978 that
overlap with the survey area.

2.2. Navigational safety

The vessel will transit from Aotea Quay, Wellington Harbour through Cook Strait to
conduct seismic operations. The transit is expected to last approximately eight
hours from Aotea Quay. During transit and survey operations, the vessel will
comply with all applicable maritime navigation requirements, including the
Convention on the International Regulations for Preventing Collisions at Sea
(COLREGSs) and relevant New Zealand maritime legislation. Operations will be
undertaken in accordance with the statutory framework established under the
Exclusive Economic Zone and Continental Shelf (Environmental Effects) Act 2012
(New Zealand Parliamentary Counsel Office, 2012), and associated regulations
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governing offshore activities, including the Exclusive Economic Zone and
Continental Shelf (Environmental Effects - Permitted Activities) Regulations 2013,
which apply to seismic survey activities within the EEZ (EPA, 2026). A continuous
bridge watch will be maintained, and vessel operations will adhere to recognised
navigation practices, including operation within established shipping routes and
compliance with any applicable Vessel Traffic Services (VTS) and harbour authority
requirements. Navigational lighting, signalling, and Automatic Identification
System (AIS) transmission will be maintained throughout transit and operational
phases to ensure visibility and situational awareness to other sea users.
Appropriate notifications will be issued to relevant authorities prior to
commencement of operations, and communication will be maintained with nearby
vessels to minimise navigational risk. During survey operations, the presence of
towed equipment and any associated restrictions on vessel manoeuvrability will be
clearly communicated in accordance with regulatory requirements.

2.3. Seismic survey

A sound velocity profile will be conducted over two hours in relatively deep water
(ca. 2580 m) to support multibeam calibration and seismic-reflection data
processing. Following this, 42 Ocean-Bottom Seismometers (OBSs) will be
deployed over ca. 55 hours within GCS. These OBS nodes will remain on the seabed
for the duration of the seismic acquisition and will support the development of a
Three-Dimensional (3D) tomographic model of the SSST zone, providing
constraints on upper-plate and fault-zone structure, as well as the physical
properties of the upper plate and megathrust. The survey will then be conducted
over a period of approximately 15 days, with variation depending on the time
required to deploy and recover the OBS instruments. The survey operational area
is shown in Figure 1. The exact survey configuration is subject to change, as new
scientific insights developed prior to the survey may be used to optimise the
location of survey activities. Any revised survey lines will remain entirely within the
operational area defined for the survey.

The multichannel seismic system, shown in Figure 2 will consist of a 600 m-long
streamer towed behind an array of six G-Guns with a combined volume of ca.5,400
CUI in3. A dominant frequency of ca.10-30Hz will enable deep penetration of ca. 5
km. Deployment of the streamer is estimated to take eight hours. Shot intervals
are spaced at 10-15 seconds (subject to water depth), to create shot spacing of
ca.20-30 m travelling at 3.5 knots. Multibeam bathymetry data and Parasound 2
Sub-Bottom Profiler (SBP) data will be collected in tandem with seismic acquisition.

Figure 2: Schematic of the 2D seismic system with a 600 m-long streamer. Source:
GEOMAR (2025).

2 A ParaSound SBP is a special profiler manufactured by Teledyne RESON. It is used widely to image
sediment layers and geological structures beneath the seabed.
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2.4. Vessel specifications

Operations will be undertaken aboard RV Sonne, a research vessel, which has a
Length Over All (LOA) of 116 m and a width of 20.6 m (Figure 3). Vessel
specifications are found in Table 3.

Figure 3: Vessel RV Sonne Source: Marine Traffic (2026).

Specifications RV Sonne

Owner Federal Ministry of Education and
Research (BMBF)

Year of construction 2014

Home port Wilhelmshaven

Tonnage 8,554 GT

Draft 6.4 m max

Dimensions Length: 116 m, width: 20.6 m

Maximum speed 15 knots (27.8 kmh-1)

Operating range 7,500 nautical miles (13,890 km)

Time at sea 50 days

Crew Ship: 35, science: 40

Scientific facilities 17 laboratories, 521 square
metres

Table 3: Specifications of the RV Sonne. Source: GEOMAR (2025).

2.5. Survey-design considerations

During survey planning, GEOMAR'’s survey design was guided primarily by the
scientific objectives of the project. Investigation of the deep-seated fault networks
in central New Zealand is necessary to provide better understanding of earthquake
hazard. The survey design has been planned to avoid the Kaikoura Marine Mammal
Sanctuary, while still meeting the core science objectives of the voyage.
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2.5.1. Timing

It is not possible to adjust the duration or timing of the survey due to the personnel
involved and the requirements for data acquisition. The cruise schedule has been
determined in advance to minimise logistical constraints associated with
coordinating an international research programme involving multiple institutions
and countries. The Level 1 seismic survey component of the cruise will comprise
approximately 15 days of airgun operations; this amount of time is the minimum
required for good 3D imaging required to meet the scientific objectives.

2.5.2. Survey design

Equipment deployment locations will be determined in situ to ensure that data
acquisition objectives are met. The survey design, including line spacing,
equipment configuration, and deployment parameters is dictated by the distribution
of active and earthquake producing faults and our survey has been designed to
image these with the required spatial resolution and data quality. Any major
deviation from these parameters would compromise data integrity, reduce
interpretability, and potentially render the dataset unsuitable for its intended
scientific and operational purposes. Consequently, major modification of survey
design is not practicable. The design therefore represents the minimum
configuration necessary to obtain robust, defensible, and scientifically valid results
within the constraints of the survey objectives.

2.5.3. Noise sources

No alternative acoustic sources were considered, as the selection of seismic-source
parameters is defined by the specific scientific requirements of the survey. The
airgun arrays have been selected to provide the necessary energy levels and
frequency content to achieve the required depth of penetration and imaging
resolution for the survey objectives.

The Level 1 seismic source (ca. 5,420 CUI is required for all 2D seismic lines, where
deeper crustal structure and fault architecture (e.g. the subduction megathrust)
must be resolved. Lower-energy sources would not provide sufficient signal
strength to image these targets at the required depths and spatial resolution and
would therefore compromise the scientific validity of the dataset. Use of the Level/
1 source is restricted to the acquisition phase (ca. 15 days), representing the
minimum operational period necessary to obtain these data.

2.5.4. Vessel

The RV Sonne is a purpose-built, modern oceanographic research vessel equipped
with specialist geophysical survey systems and supported by experienced technical
and scientific personnel. It provides the integrated infrastructure required for
successful acquisition of high-resolution seismic, bathymetric, and ocean-bottom
instrumentation datasets, including deployment, recovery, and real-time data
monitoring capabilities. The vessel’s sensor suite, deck-handling systems, and
onboard laboratories enable safe and efficient operation of large airgun arrays,
seismic streamers, and OBS, together with precise navigation and positioning
systems required for geophysical survey accuracy. In addition, the vessel
accommodates the technical expertise necessary to operate, calibrate, and
quality-control advanced geophysical equipment throughout the survey
programme.
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Given the technical requirements of the proposed survey, including deep-water
operations, high-energy seismic acquisition, and coordinated multi-instrument
deployment, the use of a vessel with equivalent capabilities and configuration is
necessary. Consequently, selection of an alternative platform is not considered
practicable without compromising operational safety, data quality, and survey
objectives. Moreover, from an environmental perspective, RV Sonne operates as a
standard oceanographic research vessel, with no characteristics that would result
in disturbance levels exceeding those associated with comparable vessels
undertaking similar activities. Vessel-related effects are therefore limited to typical
underwater radiated noise and physical presence, which are transient and
consistent with established scientific survey operations.

3. LEGISLATIVE FRAMEWORK

Section 3 describes the legislation in place in the GCS for the protection of marine
mammals, the environment and maritime traffic. In addition to the 2013 Code of
Conduct (DOC, 2013), there are other important legislative requirements to
consider when completing a seismic survey. These include the Marine Mammals
Protection Act 1978 (Department of Conservation, 1978) (Section 3.1), Exclusive
Economic Zone & Continental Shelf Act 2012 (New Zealand Parliamentary Counsel
Office, 2012) (Section 3.2), and Maritime Transport Act 1994 (New Zealand
Parliamentary Counsel Office, 1994) (Section 3.3). The Resource Management Act
1991 is also relevant to the placement of Ocean-Bottom Seismometers (OBSs),
where deployment must comply with the applicable regional coastal-plan provisions
and may require resource consent where permitted-activity conditions are not met.

3.1. Marine Mammals Protection Act 1978

The Marine Mammals Protection Act 1978 (Department of Conservation, 1978) is
the primary legislative instrument governing the protection, conservation, and
management of marine mammals within New Zealand waters, and is administered
by DOC. The Act applies to all marine mammals, including whales, dolphins, seals,
and sea lions, and establishes a strict legal framework under which it is an offence
to kill, injure, harass, or disturb these species without lawful authority. The Act
provides for development and implementation of conservation management
strategies and plans, including population management measures where required,
and establishes mechanisms for regulating activities that may affect marine
mammals. Of relevance to seismic survey operations, the Act enables designation
of Marine Mammal Sanctuaries under Section 22, within which activities that may
adversely affect marine mammals can be restricted or prohibited within these
sanctuaries, subject to a limited number of exemptions. Where the proposed survey
overlaps Marine Mammal Sanctuaries, approval from the relevant Ministers will
therefore be required before seismic operations can proceed. Any such operations
must also comply with the applicable sanctuary conditions; the 2013 Code of
Conduct and any additional mitigation or operational requirements identified during
regulatory review.

3.2. Exclusive Economic Zone & Continental Shelf Act 2012

The Exclusive Economic Zone and Continental Shelf Act 2012 (New Zealand
Parliamentary Counsel Office, 2012) establishes the statutory framework for
environmental management within New Zealand’s EEZ and continental shelf. The
Act promotes the sustainable management of natural resources by regulating their
use, development, and protection, ensuring that economic activities are
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undertaken while maintaining the life-supporting capacity of the environment,
sustaining resources for future generations, and minimising adverse environmental
effects.

Under the Act, activities within the EEZ and continental shelf are classified
according to their potential environmental effects and level of regulatory control
required. These classifications are defined as follows:

e Permitted activities that may be undertaken without a marine consent,
provided they comply with all applicable regulations and conditions; and,
where required, notification must be made to the Environmental Protection
Agency (EPA) prior to commencement;

e Discretionary activities that require a marine consent from the EPA, with
applications subject to public notification and a statutory assessment period
of up to 140 working days;

¢ Prohibited activities are those for which a marine consent cannot be sought or
granted; and,

e Non-notified discretionary require a marine consent from the EPA but are not
subject to public notification and are assessed within statutory timeframes
of up to 60 working days.

Classification of activities is informed by consideration of potential environmental
effects, the need to protect sensitive or vulnerable ecosystems, and the economic
and societal benefits associated with the activity.

Within this regulatory framework, marine seismic surveying is designated as a
permitted activity under the EEZ and Continental Shelf (Environmental Effects -
Permitted Activities) Regulations 2013, if operations comply with the DOC’s 2013
Code of Conduct. Compliance with the Code is overseen by DOC, including through
implementation of MMOs and PAMOs, while the EPA retains responsibility for
regulatory oversight and enforcement in the event of non-compliance. The
placement and recovery of OBSs within the EEZ may also be subject to applicable
requirements under the EEZ Act as permitted marine structures to carry out the
seismic surveying.

3.3. Maritime Transport Act 1994

The Maritime Transport Act 1994 (New Zealand Parliamentary Counsel Office,
1994) establishes the legislative framework governing maritime safety, pollution
prevention, and the protection of the marine environment from vessel-related
activities. Within the context of offshore operations, the Act places clear obligations
on vessel operators to prevent environmental harm arising from routine operations
and unplanned incidents.

A central provision of the Act is prohibition of discharge of harmful substances into
the marine environment. This includes discharges into the sea within the EEZ, as
well as releases onto or into the seabed. Harmful substances are defined broadly
and encompass fuels, oils, chemicals, waste materials, and any other substances
that may cause contamination or adverse effects on marine ecosystems. In addition
to discharge prohibitions, the Act establishes requirements for:

e Prevention of marine pollution through adherence to operational controls,
vessel management practices, and internationally recognised standards;

e Contingency planning and response, including requirement for vessels to
maintain appropriate procedures and equipment to minimise environmental
impacts in the event of accidental discharges or spills;
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e Reporting obligations in relation to marine pollution incidents, ensuring that
any discharge or release with potential environmental consequences is
notified to relevant authorities; and,

e Enforcement and compliance mechanisms, including inspection, investigation,
and penalties for non-compliance.

In the context of the proposed seismic survey, compliance with the Maritime
Transport Act 1994 ensures that vessel operations, including fuel management,
waste handling, and routine discharges, are conducted in a manner that minimises
risk to the marine environment. Consequently, potential impacts associated with
vessel-derived pollution are low, provided that established operational and
regulatory controls are implemented effectively throughout the survey programme.

4. CONSULTATION & ENGAGEMENT ACTIVITIES

Section 4 describes OSC’s engagement with local stakeholders and key individuals
within the GCS communities to obtain information on the operational area and how
operations might affect local environmental, cultural and socio-economic interest
and species.

Contact is being planned with the Iwi via an information sheet with project specifics
outlined. This connection is being made by |||l @ research lead involved
in the Nga Ngaru Wakapuke project that focuses on central New Zealand
earthquake hazards. The aim of the Nga Ngaru Wakapuke research project is to
provide further insight into the Transition Zone earthquakes to accurately forecast
economic, societal and environmental hazards posed by large earthquake
sequences within the boundary faults. The Nga Ngaru Wakapuke project aligns with
potential data collection in GCS as part of the SUBTRANS seismic. Through Tapuke,
0sSC has engaged |l head of Te Kotahi o Te Tauihu, the Charitable Trust
established by the eight jwi (Ngati Kuia, Rangitane, Ngati Apa ki te Ra To, Ngati
Koata, Ngati Rarua, Ngati Toa Rangatira, Te Atiawa, Ngati Tama) across the top of
the South Island. The SUBTRANS information sheet has been provided to Te
Tauihu, and engagement is ongoing to identify a mana whenua representative who
may participate in the SUBTRANS experiment and join the voyage onboard R/V
Sonne.

Further engagement will include iwi and rinanga representing areas not covered
through Te Kotahi o Te Tauihu, particularly iwi of the Wairarapa region and the
relevant Ngai Tahu riinanga in the Kaikoura area. Other stakeholders identified for
consultation include commercial fishing representatives, recreational diving groups,
Project Jonah, and Kaikdura-based marine tourism operators, including Whale
Watch Kaikoura and Dolphin Encounter.

Tapuke is also working alongside local kura to identify and provide opportunities
for tamariki to engage in the SUBTRANS experiment, either through participation
in fieldwork, visiting the vessel while in port, or engaging with the scientists pre,
during and post voyage.

5. DESCRIPTION OF OPERATIONAL AREA

Section 5.1 presents a detailed description of the bathymetric structure of Cook
Strait and the geological and oceanographic processes that have shaped it.
Additionally, it covers ocean circulation in the Cook Strait region, from basin-scale
circulation around New Zealand to local dynamics within the strait itself. Section
5.2 explores species present within the Cook Strait, including species of considered
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vulnerability such as marine mammals. Section 5.3 describes the coastal
environments involved and expands into marine conservation taking place in
surrounding areas, including protected areas. Section 5.4 delves into the cultural
environment present and the impact this could have on operations. Finally, Section
5.5 explores anthropological factors in the operational area, from fishing to
shipping activities and other industrial activities.

5.1. Physical oceanography

Physical oceanography provides the framework for understanding how seabed
morphology and external forcing combine to produce complex, energetic-flow
regimes and associated patterns of transport, exchange, and variability. This
section concerns the study of the physical processes and properties that govern
ocean behaviour, including circulation, tides, waves, temperature, salinity, density
structure, and mixing, and seeks to understand how these processes interact to
regulate ocean dynamics and variability across a range of temporo-spatial scales.

The GCS lies between New Zealand’s North and South Islands. Its position at the
convergence of the Pacific and Indo-Australian tectonic plates results in complex
bathymetry, characterised by an adjacent shallow continental shelf, a deep ocean
trench, numerous intersecting faults, and a highly irregular shoreline. The two main
islands of New Zealand (North and South Islands) present a formidable north-south
oriented barrier of approximately 1,400 kilometres to the prevailing west to
southwest winds and oceanic currents, with the GCS presenting the only gap in the
bathymetry and topography. The GCS is wider and larger on the western side
comprising Golden Bay, Tasman Bay and the South Taranaki Bight, leading through
the Narrows (only 24 kilometres wide) and widening again on the eastern side,
especially beyond Cape Palliser and Cape Campbell (Walters et al., 2010).

Within the GCS, circulation, tides and mixing represent internal ocean dynamics
that are shaped fundamentally by underlying bathymetry and pronounced
constriction of flow between the two islands. Density structure and stratification
modify the propagation of momentum and energy within the water column,
regulating vertical exchange and influencing both mean circulation and short-term
variability. Superimposed on these internal dynamics, ocean-atmosphere
interactions provide the dominant external forcing, primarily through wind stress,
air-sea heat exchange, and atmospheric pressure gradients. Atmospheric forcing
directly modulates circulation strength, stratification, wave climate, and short-term
variability, particularly in the near-surface ocean. The acoustic environment of the
GCS arises as an emergent property of this integrated system, reflecting the
combined influence of bathymetry, circulation, stratification, mixing, and surface
forcing.

From an acoustic perspective (Section 5.1.7), bathymetric structure exerts a
primary control on sound propagation by governing reflection, refraction, and
scattering processes at the seabed and along steep gradients. Abrupt depth
changes, canyon systems, and shelf-slope transitions introduce strong spatial
variability in acoustic boundary conditions, influencing transmission-loss, multipath
propagation, and the distribution of acoustic energy within the water column.
Accurate representation of seabed morphology is therefore fundamental to
understanding spatial variability in the acoustic environment.

In summary, in the operational area overall, these processes are dominated by
strong tidal currents interacting with complex bathymetry, resulting in a highly
energetic flow regime characterised by strong spatial heterogeneity and tight
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coupling between physical and biological systems (Bowman et al., 1983; Walters
et al., 2010). The physical environment is therefore best described as an integrated
dynamical system in which circulation, stratification, and mixing jointly regulate
transport pathways, residence times, and vertical exchange.

5.1.1. Seafloor morphology & bathymetry

This section covers basin-scale and local bathymetry, shelf-slope transitions,
canyon systems, tectonic controls, and relevance to flow steering, turbulence
generation, and sound propagation.

Overall, the Cook Strait has a highly variable seafloor shaped by active tectonics,
extremely strong tidal currents, and long-term sediment transport between the
continental shelf and the deep ocean. A strong contrast exists across the strait,
from a broad, shallow continental shelf in the north-west to rapid deepening and a
canyon-dominated margin in the south-east, where the Cook Strait Canyon system
links the shelf directly to the Hikurangi Trough. This bathymetric complexity
strongly influences sediment pathways, seabed habitats, and tidal dynamics.

The bathymetry of Cook Strait is highly asymmetric and spatially heterogeneous,
reflecting the combined influence of active plate boundary tectonics, extreme tidal
forcing, and long-term sediment transfer between the continental shelf and deep
ocean basins. The strait occupies a critical position at the transition between the
obliquely convergent Pacific-Australian plate boundary and the Hikurangi
subduction margin, and its present-day morphology records both tectonic
deformation and vigorous hydrodynamic reworking over Quaternary timescales
(Lewis, 1980; Lewis et al., 1994; Mountjoy, 2009).

Water depths vary strongly across the strait, from shallow shelf regions of <100
metres on the northwestern side to >2,000-3,000 metres where the Cook Strait
Canyon system descends into the Hikurangi Trough on the southeastern margin.
This abrupt bathymetric step reflects the juxtaposition of a broad, low-gradient
continental shelf against a deeply incised, tectonically controlled canyon system
that funnels sediment directly from the shelf edge into the deep Pacific basin
(Lewis, 1980; Mountjoy, 2009; Micallef et al., 2014).

The northwestern sector of Cook Strait, encompassing the South Taranaki Bight
and extending into Tasman and Golden Bays, is characterised by a wide, gently
sloping shelf with subdued bathymetric gradients. Early regional syntheses of shelf
morphology and sedimentation recognised this region as a relatively lower tidally-
induced bottom-stress domain outside the main Narrows jet, favouring fine-
sediment deposition and reworking under changing sea level and forcing relative
to the southeastern strait, dominated by reworked Holocene and late Pleistocene
sediments and punctuated by broad, low-relief bedforms (Lewis, 1980; Proctor and
Carter, 1989; Carter, 1992; Mountjoy, 2009; Walters et al., 2010).

Regional geological and oceanographic studies indicate that the northwestern
approaches to Cook Strait, including the South Taranaki Bight and the entrances
to Tasman and Golden Bays, comprise broad, low-gradient continental shelf areas.
During late Quaternary sea-level rise, these shelf regions functioned as relatively
low-stress sedimentary domains compared with the southeastern strait, with
sediment accumulation during lowered sea levels followed by reworking under
strong tidal forcing after strait opening (Lewis, 1980; Proctor and Carter, 1989;
Lewis et al., 1994; Mountjoy, 2009). In contrast, the southeastern sector of Cook
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Strait exhibits abrupt bathymetric deepening across the Narrows and offshore of
Cape Palliser and Cape Campbell, where the shelf edge is incised by the
multibranched Cook Strait Canyon system. High-resolution bathymetric analyses
demonstrate that these canyons are deeply cut into bedrock, with steep
longitudinal profiles and canyon walls, reflecting strong structural control in
combination with active erosional processes (Lewis, 1980; Mountjoy, 2009; Micallef
et al., 2014). The canyon system extends approximately 40 kilometres landward
into the continental shelf and descends to depths of about 2,700 m where it merges
with the Hikurangi Trough (Lewis, 1980; Mountjoy, 2009; Lamarche et al., 2012).

The morphology and evolution of the Cook Strait Canyon system are tightly coupled
to regional tectonics. Primary studies demonstrate that major active faults and
folds exert first-order control on canyon alignment, sinuosity, and knickpoint
development, producing a transient, non-equilibrium canyon morphology that
responds to ongoing uplift and deformation of the (Lewis, 1980; Mountjoy, 2009;
Micallef et al., 2014). Earthquake-triggered slope failures and sediment gravity
flows further contribute to canyon deepening and sediment export, highlighting the
role of tectonic forcing in maintaining efficient shelf-to-basin sediment transfer
pathways.

Strong tidal currents within Cook Strait interact directly with its complex
bathymetry, particularly in the Narrows where depth contrasts and constricted
geometry amplify near-bed shear stresses. Depth-averaged tidal currents in and
near the Narrows are modelled to reach ca.2.5 ms™1 with spring-tide peaks
exceeding 3 ms™! reported in observational studies, promoting persistent seabed
scour and inhibiting sediment accumulation on steep bathymetric slopes (Lewis,
1980; Proctor and Carter, 1989; Mountjoy, 2009; Walters et al., 2010). The
coupling between bathymetry and tidal dynamics reinforces the long-term
maintenance of the canyon heads and prevents infilling of the southeastern shelf
break despite high sediment supply from adjacent basins.

Overall, the bathymetric structure of Cook Strait reflects the superposition of
tectonic segmentation, canyon incision, and tidally driven reworking, producing one
of the most morphologically complex straits globally. This combination of processes
results in a sharp spatial contrast between a broad, sediment-dominated shelf in
the northwest and a tectonically sculpted, canyon-dominated margin in the
southeast, with important implications for sediment transport, benthic habitat
distribution, and regional oceanographic dynamics. Further reading can be found
in: (Micallef et al., 2014, Stevens, 2014; NIWA, 2016b; Stevens, 2018; Hadfield
and Stevens, 2021).
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Figure 4: Bathymetric contours (in metres) in operational area. Coordinate reference
system: WGS 84/Equal Earth Asia-Pacific (EPSG:8859). Source: OSC (2026), modified from
National Institute of Water and Atmosphere (NIWA, 2016a).

5.1.2. Ocean circulation & transport pathways

This section covers regional boundary currents versus local dynamics, tidal
dominance, residual circulation, and exchange between basins.

At the broadest scale, circulation around New Zealand reflects the separation of the
subtropical gyre into boundary currents that flow predominantly northward on the
western side of the country and southward on the eastern side. These basin-scale
currents establish the background conditions upon which Cook Strait dynamics
operate, but they do not dominate transport through the strait itself. Instead,
transport is highly episodic and strongly modulated by tides, local pressure
gradients, and wind forcing over short temporal scales (Chiswell et al., 2015a);
therefore, in the operational area overall, ocean circulation is constrained strongly
by bathymetry, with tidal dynamics dominating instantaneous flow rather than
persistent advective boundary currents (Bowman et al., 1983; Walters et al.,
2010). Strong oscillatory tidal flows interact with steep and irregular seabed
topography, generating vigorous horizontal and vertical mixing (Section 5.1.6)
and limiting the development of long-lived, coherent mean flow (Stevens, 2014).
Residual circulation is comparatively weak, variable spatially, and superimposed on
energetic tidal motion, resulting in rapid exchange and short water-mass residence
times rather than sustained unidirectional transport.

Large-scale and regional ocean circulation in the Cook Strait region is governed by
interaction between strong barotropic tidal forcing, complex bathymetry, and the
convergence of broader southwest Pacific water-mass pathways around New
Zealand. The strait occupies a unique dynamical position as the sole deep-water
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connection between the Tasman Sea and the southwest Pacific Ocean and
consequently acts as both a conduit and a filter for momentum, mass, and tracers
exchanged between these basins. A good overview is found in Stevens et al.
(2021a).

The Cook Strait is recognised widely as one of the most tidally energetic straits
globally, although representative astronomical tidal ranges are relatively low,
ranging from 0.7-2.0 metres during perigean ‘king’ tides. The constricted geometry
of the Narrows, combined with pronounced depth gradients and adjacent shelf-
slope transitions, accelerates tidal currents and produces large oscillatory flows that
dominate instantaneous velocities throughout much of the water column.
Observational and modelling studies demonstrate that tidal currents
overwhelmingly exceed mean background flows, such that the instantaneous
circulation reverses direction over the tidal cycle (Walters et al., 2010; Stevens,
2014).

Despite the dominance of oscillatory motion, the Cook Strait exhibits a persistent
subtidal residual circulation when averaged over complete tidal cycles. This residual
flow arises from nonlinear tidal rectification, interaction between tidal currents and
bathymetric slope, and spatial asymmetry in channel geometry. Detailed current
meter observations and hydrodynamic modelling indicate that this residual
circulation is spatially heterogeneous, varying laterally across the strait and
vertically through the water column, rather than forming a simple, uniform
throughflow (Stevens, 2014; Hadfield and Stevens, 2021).

Residual circulation patterns typically involve weak net transport between the
Tasman Sea and the Pacific Ocean, with locally enhanced jets and return flows
concentrated near bathymetric features such as headlands, banks, and canyon
heads. These features impose strong constraints on the direction and structure of
flow, creating regions of flow convergence, divergence, and enhanced shear that
are stable over climatically relevant timescales even though instantaneous currents
fluctuate rapidly (Stevens, 2018).

Vertical structure within the circulation reflects the weakly stratified nature of the
water column for much of the year. During periods of reduced stratification,
momentum penetrates efficiently from surface to depth, allowing near-bed flows to
respond rapidly to surface forcing. Conversely, episodic stratification can
transiently decouple surface and bottom layers, modifying vertical shear and
redistributing energy into internal motions and turbulent mixing rather than
coherent mean flow (Stevens, 2018).

The interaction between strong tidal currents and steep bathymetry also promotes
vigorous horizontal and vertical mixing, which acts to homogenise water properties
over large areas of the strait. Consequently, the Cook Strait does not function as a
classic advective boundary current system, but instead as a dynamically energetic
mixing zone characterised by rapid exchange, short residence times, and limited
long-term retention of water parcels (Hadfield and Stevens, 2021).

From a regional perspective, this circulation regime has important implications for
redistribution of heat, nutrients, suspended sediments, and biological organisms.
Dominance of oscillatory flow, coupled with relatively weak residual transport,
favours repeated reworking of material over the shelf and slope rather than
sustained unidirectional export. This dynamical setting contributes to strong
physical-biological coupling and helps to explain the high productivity and
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ecological complexity observed in adjacent regions such as Kaikoura and the
greater Cook Strait system.

From an acoustic perspective (Section 5.1.7), circulation influences the transport
and redistribution of water masses with differing temperature and salinity
characteristics, thereby modifying sound-speed structure over temporo-spatial
scales. Strong oscillatory currents and spatially variable residual flows introduce
dynamic sound speed gradients and Doppler effects, influencing acoustic
propagation pathways and the stability of acoustic conditions over tidal cycles.

In summary, overall, ocean circulation in the operational area is best characterised
as tidally dominated, spatially heterogeneous, and strongly constrained by
bathymetry, with weak but persistent residual pathways superimposed on
energetic oscillatory flow. These characteristics underpin not only the physical
environment, but also the distribution of prey, movement of higher trophic levels,
and the propagation of underwater sound/noise within the region.

5.1.3. Density structure & seasonal stratification

This section covers temperature-salinity structure, seasonal variability,
implications for vertical coupling and internal motions.

Despite the presence of strong tidal currents, seasonal stratification develops
periodically in the operational area, particularly during austral spring and summer,
when surface heating and episodic freshwater inputs reduce vertical density
gradients sufficiently to permit partial decoupling of surface and deeper layers
(Chiswell et al., 2015b; Jhugroo et al., 2020).

Stratification is spatially heterogeneous, reflecting variability in bathymetry, wind
exposure, proximity to freshwater sources, and local circulation pathways (Bowman
et al., 1983). Even relatively weak density gradients can be significant dynamically,
influencing vertical shear, modifying residual circulation, and enhancing the
generation of internal motions (Stevens, 2014).

Freshwater-influenced processes play an important episodic role, with river
discharge and high-rainfall events generating low-salinity surface layers and sub-
mesoscale density fronts that enhance near-surface stratification, particularly in
coastal and shelf-adjacent regions (Jhugroo et al., 2020; Jhugroo et al., 2025).
These features can strengthen stratification in the upper tens of metres and
introduce pronounced horizontal and vertical density gradients that interact with
the background tidal flow.

Even relatively weak density gradients are significant dynamically in Cook Strait
because they introduce baroclinicity into an otherwise strongly barotropic system,
influencing vertical shear, modifying residual circulation, and enhancing the
generation and propagation of internal motions (Stevens, 2014; Stevens et al.,
2021a). Consequently, the water column alternates on seasonal and event-driven
temporo-spatial scales between well-mixed and partially stratified states, rather
than exhibiting persistent or strongly layered stratification. This intermittent
stratification has important implications for vertical coupling, acoustic propagation,
and the interpretation of circulation and mixing processes within the operational
area.
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From an acoustic perspective (Section 5.1.7), density structure is a first-order
control on sound speed profiles and therefore on acoustic propagation pathways.
The presence or absence of stratification governs refractive structure within the
water column, influencing the formation of sound channels, shadow zones, and
vertical acoustic coupling. Temporal variability in stratification consequently
introduces variability in transmission loss and detectability.

In summary, within the operational area, density structure and seasonal
stratification introduce temporo-spatial variability in vertical water column
structure, arising from the interplay between surface heating, episodic freshwater
input, and strong tidal forcing. Stratification develops intermittently under
favourable conditions but remains spatially heterogeneous and frequently transient
due to energetic mixing. Consequently, the water column alternates between
well-mixed and partially stratified states, with density gradients modulating vertical
shear, internal motion generation, and vertical coupling. These processes provide
a key control on the redistribution of momentum and tracers and govern variability
in circulation, mixing, and water column structure within the operational area.

5.1.4. Ocean-atmosphere interactions

This section describes the role of ocean-atmosphere coupling as an external forcing
mechanism, focusing on wind stress, air-sea heat exchange, and atmospheric
pressure variability, and their influence on circulation, stratification, wave climate,
and short-term variability within the operational area.

Ocean-atmosphere interactions represent the dominant external forcing acting on
the surface ocean, superimposed on internal dynamics governed by bathymetry,
tides, and density structure (Section 5.1.3). In the Cook Strait region,
atmospheric forcing exerts a first-order control on near-surface circulation, vertical
mixing, stratification, and wave generation, and contributes substantially to
short-timescale variability in both physical conditions and the acoustic environment
(Walters et al., 2010; Stevens et al., 2021a).

Wind stress is the primary mechanism through which momentum is transferred
from the atmosphere to the ocean. Over the GCS, prevailing westerly to
south-westerly winds are intensified frequently by topographic channelling between
the North and South Islands, producing strong and spatially heterogeneous wind
fields at the sea surface (Chiswell and Roemmich, 1998; Salinger and Mullan,
1999). These winds drive episodic surface currents, enhance shear in the upper
water column, and modulate the strength and structure of residual circulation when
averaged over tidal cycles. During periods of sustained wind forcing, surface
currents may align or oppose tidal flow, either reinforcing or partially cancelling
near-surface velocities depending on wind direction relative to the tidal phase
(Walters et al., 2010).

Air-sea heat exchange provides a key pathway for modifying surface buoyancy and
regulating seasonal and event-scale stratification. Net surface heat flux, governed
by Incoming Short-Wave Solar Radiation (ISWSR), Outgoing Long-Wave Thermal
Radiation (OLWTR), latent heat loss, and sensible heat exchange, controls the rate
at which surface waters warm or cool relative to underlying layers (Fairall et al.,
1996). In austral spring and summer, positive heat fluxes promote surface warming
and favour development of transient stratification, particularly during periods of
reduced wind stress (Section 5.1.5). Conversely, in autumn and winter, enhanced
heat loss and frequent storm activity promote convective mixing and contribute to
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the breakdown of stratification, reinforcing the typically well-mixed character of the
water column (Chiswell et al., 2015a).

Atmospheric pressure variability also influences sea level and circulation through
the inverted barometer effect, whereby changes in surface pressure induce
corresponding adjustments in sea level height (Ponte, 2006b).

In a narrow, dynamically energetic strait such as the Cook Strait, pressure-driven
sea level gradients can contribute to short-term modulation of barotropic flow,
particularly when acting in concert with wind stress and tidal forcing. Although
secondary to tides in determining absolute current magnitudes, these pressure
gradients can influence residual transport pathways and enhance variability in
surface elevation and current structure during synoptic weather events. Ocean-
atmosphere coupling also exerts strong control over the regional wave climate.
Wind-generated waves dominate surface conditions in the operational area, with
wave height, period, and direction responding rapidly to changes in wind strength
and fetch.

The Cook Strait is exposed to Southern Ocean swell entering from both the Tasman
Sea and the southwest Pacific, as well as locally generated wind seas, producing a
complex and highly variable wave field (Gorman et al., 2003). Wave breaking and
wave-current interactions enhance near-surface turbulence and mixing (Section
5.1.6), particularly during storm events, and can contribute to elevated
background noise levels through surface agitation, bubble formation, and wave
impact processes.

From an acoustic perspective (Section 5.1.7), ocean—-atmosphere interactions
influence both the generation and propagation of sound through modulation of
surface conditions and near-surface turbulence. Wind stress and wave breaking
increase ambient noise levels through bubble formation and surface agitation, while
simultaneously modifying upper-ocean sound speed structure and boundary
conditions, thereby affecting acoustic transmission near the surface.

In summary, within the operational area, the cumulative effect of wind stress, heat
flux, pressure variability, and wave forcing is to introduce pronounced short-term
and seasonally modulated variability into the physical environment. These
processes act most strongly at the sea surface but propagate downward through
the water column via turbulence, shear, and internal motions, interacting with
density structure and tidal dynamics. Consequently, ocean—-atmosphere
interactions provide a key mechanism linking atmospheric variability to changes in
circulation, stratification, mixing, and surface forcing relevant to both ecological
processes and sound propagation within the operational area.

5.1.5. Waves, tides & extreme forcing

This section covers barotropic tides, internal tides, wave climate, and interaction
with bathymetry. Hydrodynamics in Cook Strait reflect interaction between
energetic barotropic tides, a variable wave climate, and episodic atmospheric
extremes, with responses expressed across temporo-spatial scales from basin scale
tidal propagation to localised shear and turbulence.

Ocean tides around New Zealand exhibit coherent spatial structure, with
semidiurnal constituents propagating around the islands and showing reduced
spring-neap variability on the east coast relative to other regions, which is
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attributed to amphidromic structure and topographic modulation (Walters et al.,
2001). Within Cook Strait, tidal dynamics are intensified by constricted geometry
and strong phase gradients across the Narrows, which generate large barotropic
currents (Walters et al., 2001; Walters et al., 2010). Observations across the
Narrows indicate that spring-tide currents can exceed 3 ms 1, which makes
separation of residual transport from tidal flow non-trivial and implies high bed
stress during peak phases (Stevens, 2014).

Subtidal exchange provides a net component of along-strait transport
superimposed on tidal oscillation (Stevens, 2014). Current observations resolve
along-strait residual flows of order 0.05-0.1 ms ! and estimate net residual
transport of —0.25 Sv (negative sign indicating southward transport from Tasman
Sea to Pacific), with cross-strait structure and seasonal variability (Stevens, 2014).
Tide-resolving hindcasts further support non-zero mean transport through Cook
Strait and quantify a large M2 tidal volume flux amplitude, while indicating that
subtidal variability is strongly wind-linked at regional scale (Hadfield and Stevens,
2021).

The Cook Strait is commonly weakly stratified; however, observational evidence
shows that late summer—-autumn stratification can persist, and associated vertical
shear can influence estimates of residual exchange structure (Stevens, 2014).
Where vertical density gradients exist, tidal flow over steep bathymetry can
generate internal tides and internal wave fields that dissipate and enhance mixing
(Sharples et al., 2001). On the northeast New Zealand shelf edge, internal-tide
dissipation and microstructure observations have been used to infer elevated
vertical diffusivities and associated vertical nitrate flux, demonstrating a
mechanistic link between internal-tide energetics and diapycnal exchange in New
Zealand shelf systems (Sharples et al., 2001). In Cook Strait and adjacent waters,
wind and tidally driven circulation and mixing have been described as tightly
coupled to bathymetric variability, with stratification and mixing fronts sensitive to
forcing changes (Bowman et al., 1983).

Wave conditions around New Zealand have historically been poorly sampled for
long duration directional records; therefore, hindcast approaches have been used
to generate regional wave climatologies (Gorman et al., 2003). Extreme wave
climatology for New Zealand waters based on multi-decadal hindcast data provides
spatial and seasonal characterisation of extreme events and return-period
estimates for significant wave height (Godoi et al., 2017).

In Cook Strait, energetic tidal currents coincide with a wave field comprising both
remotely generated swell and locally generated wind waves, so wave-current
interaction is expected to modulate wavelength, phase speed, and steepness over
tidal phases (Gorman et al., 2003; Walters et al., 2010) - (Section 5.1.5). In
opposing current conditions, physical wave-current dynamics imply wave
steepening and increased breaking propensity, particularly where currents
accelerate through constrictions; consequently, short-lived hazardous sea states
can develop in specific temporo-spatial windows tied to tidal phase (Walters et al.,
2010).

Severe wind and wave events affecting New Zealand coasts have been examined
through numerical reconstruction of historical storms, demonstrating that intense
atmospheric systems can produce hazardous sea state and rapid changes in forcing
conditions. Atmospheric pressure variability contributes to sea-level variability
through the inverted barometer response, and its seasonal to interannual signals
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can be non-negligible in many regions (Ponte, 2006a). When strong winds and low
pressure coincide with energetic tidal states in a constrained strait, compound
extremes may arise through contemporaneous elevation of sea state, current
shear, and water-level variability, with implications for mixing intensity and
operational conditions (Revell and Gorman, 2003; Ponte, 2006a; Stevens, 2014).

High-energy tidal flow implies repeated mobilisation of seabed sediment in exposed
corridors, while wave orbital motion and storm-driven forcing can further enhance
resuspension during extreme events (Stevens, 2014; Godoi et al., 2017). Regional
geological context indicates that sedimentation and sediment transfer pathways on
the Hikurangi margin have been shaped by interaction between tectonics and
sediment transport processes, providing a framework for understanding sediment
redistribution in energetic New Zealand margin settings (Lewis, 1980). In the
greater Cook Strait region, circulation and mixing patterns have been linked to
variable winds, strong tides, and abrupt bathymetric gradients, consistent with a
system in which short-duration changes in forcing can reorganise stratification and
mixing structure (Bowman et al., 1983).

From an acoustic perspective (Section 5.1.7), waves and tides jointly influence
both the acoustic-source environment and propagation conditions. Wave breaking
contributes directly to ambient noise generation, while tidal currents and associated
water column structure modify sound-speed gradients and propagation pathways.
Wave-current interaction further introduces short-term variability in both noise
levels and transmission characteristics, particularly during energetic or extreme
forcing conditions.

In summary, within the operational area, waves, tides, and extreme forcing interact
to produce a highly dynamic and intermittently energetic hydrodynamic regime
characterised by strong oscillatory currents, variable sea states, and episodic
forcing extremes. Barotropic tidal currents dominate instantaneous flow, while
wave-current interactions and atmospheric forcing introduce short-term variability
and modulate near-surface conditions. Consequently, periods of intensified forcing,
particularly under coincident strong winds, low pressure systems, and peak tidal
states, can generate compound effects that enhance shear, turbulence, and
sediment resuspension. These processes govern variability in current structure, sea
state, and vertical exchange, thereby exerting a primary control on hydrodynamic
conditions and associated environmental processes within the operational area.

5.1.6. Mixing & turbulence

This section covers the characterisation of hydrodynamic processes associated with
mixing and turbulence within the operational area. It outlines the dominant physical
drivers, including tidal forcing, wave-current interaction, and bathymetric control,
and describes their influence on water column structure and energy dissipation.
The section draws on available region-specific observations and established
principles from physical oceanography to define baseline conditions and to identify
the key processes governing spatial and temporal variability in mixing intensity.

Mixing and turbulence within the Cook Strait system represent a critical
intermediary process linking external forcing (Section 5.1.5) and internal
hydrodynamic structure (Sections 5.1.2 - 5.1.4), governing redistribution of
momentum, heat, salinity, suspended sediment, and biogeochemical tracers across
a broad range of temporo-spatial scales. Within the operational area, turbulence is
temporally intermittent and spatially heterogeneous, arising from the interaction of
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energetic tidal currents, complex bathymetry, and variable density structure,
rather than from uniform forcing (Bowman et al., 1983; Stevens, 2014; Stevens et
al., 2021a). Turbulence generation is dominated primarily by shear associated with
strong barotropic tidal flow, particularly where currents accelerate through
constricted bathymetry or interact with steep gradients. In these regions, enhanced
vertical shear promotes development of turbulent boundary layers and elevated
dissipation rates, especially near the seabed, where frictional drag over rough
topography maintains persistent turbulent production (Bowman et al., 1983;
Stevens, 2014). Flow-topography interaction further induces localised hydraulic
control, flow separation, and turbulence hotspots associated with canyon heads,
shelf breaks, and bathymetric sills, resulting in strong spatial variability in mixing
intensity across relatively short horizontal scales.

Where stratification is present (Section 5.1.3), tidal flow over irregular
bathymetry generates both internal tide and wave fields, which propagate and
subsequently dissipate through breaking processes. This mechanism represents a
primary pathway for diapycnal mixing within the system and facilitates vertical
exchange of heat and nutrients between deeper and surface layers (Sharples et al.,
2001; Stevens et al., 2021a). Episodic stratification therefore acts to redistribute,
rather than suppress, turbulence by concentrating mixing at density interfaces,
where shear instabilities are enhanced.

Surface forcing further contributes to turbulence generation, particularly during
periods of strong wind stress and elevated sea state. Wind-driven shear within the
upper water column, combined with wave breaking and wave-turbulence
interaction, increases near-surface turbulent kinetic energy and promotes
deepening of the mixed layer (Huang and Qiao, 2010). These processes act over
short temporal scales; however, they can substantially modify vertical coupling
within the water column during energetic atmospheric events. Freshwater-driven
density gradients and sub-mesoscale frontal features may similarly enhance
turbulence locally by intensifying shear at density interfaces, particularly following
high rainfall events (Jhugroo et al., 2020; Jhugroo et al., 2025). The resulting
turbulence regime exhibits strong vertical and horizontal structure. Under peak
tidal forcing and weak stratification, turbulent mixing extends frequently through
the full water column, producing well-mixed conditions and efficient vertical
coupling (Stevens, 2014). Conversely, during periods of partial stratification,
turbulence becomes vertically structured, with dissipation rates maximised within
bottom boundary layers and near pycnoclines, where internal wave breaking and
shear instability facilitate diapycnal exchange (Sharples et al., 2001). Horizontally,
turbulence remains concentrated in regions of strong bathymetric control and flow
acceleration, while reduced in broader, low-gradient shelf areas where current
velocities and shear diminish (Bowman et al., 1983; Stevens et al., 2021a).

Mixing processes within the operational area exert a first-order control on transport
pathways and biogeochemical exchange. Enhanced turbulent mixing facilitates
episodic vertical flux of nutrients into the euphotic zone, contributing to localised
productivity in adjacent shelf and canyon systems (Sharples et al., 2001). At the
same time, repeated reworking of water masses under oscillatory tidal flow,
combined with spatially heterogeneous turbulence, promotes rapid exchange and
short residence times, limiting persistent stratification and long-term retention.
Near the seabed, elevated turbulent stresses inhibit fine sediment deposition within
high-energy corridors and promote periodic resuspension, contributing to sediment
transport between shelf and deep-ocean environments (Stevens, 2014).
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From an acoustic perspective (Section 5.1.7), turbulence introduces fine-scale
variability in temperature and salinity structure, thereby modifying local sound
speed gradients and propagation pathways. Turbulence-driven microstructure
produces small-scale inhomogeneities that can scatter and refract acoustic energy,
influencing transmission loss and detectability. Accurate representation of mixing
regimes is therefore essential for interpretation of temporo-spatial variability in the
acoustic environment and for parameterisation of sound propagation within the
operational area.

Overall, mixing and turbulence in the Cook Strait system are best characterised as
energetic, spatially heterogeneous, and strongly modulated by the interaction of
tidal forcing, bathymetry, and transient stratification. These processes operate
across a continuum of temporo-spatial scales, linking external forcing to internal
ocean structure and underpinning both the physical and ecological dynamics of the
operational area.

5.1.7. Ambient noise & soundscape characterisation

This section characterises ambient underwater noise and the wider soundscape
within the operational area, describing the principal geophysical, biological, and
anthropogenic sound sources, their temporo-spatial variability, and the role of
oceanographic forcing in shaping the acoustic environment. The section draws upon
available empirical measurements from Cook Strait and the wider central New
Zealand region, supplemented where necessary by established understanding from
comparable high-energy marine environments, to define baseline acoustic
conditions and the assessment of potential project-related effects key controls on
ambient noise.

The ocean soundscape comprises sound from geological processes, marine life
(biophony), and anthropogenic activities, which together generate a spatially and
temporally dynamic acoustic environment (Hildebrand, 2009; Putland et al., 2017).
Sound constitutes the primary sensory modality through which many marine
species perceive, navigate, and interpret their environment, and consequently
plays a central role in ecological interactions, predator-prey dynamics,
communication, and habitat use. Anthropogenic underwater noise has increased
substantially since the Industrial Revolution, and understanding its effects on
marine mammals and other acoustically sensitive taxa remains an active area of
research (Bayrakci and Klingelhoefer, 2023).

Within the operational area, the underwater acoustic environment is governed by
interacting geophysical, biological, and anthropogenic sound sources, the relative
contribution of which varies across time and space according to environmental
conditions and human activity. Although these soundscape components occur
globally, their relative influence is strongly modulated by local oceanographic
processes. In highly energetic environments such as Cook Strait, physical forcing
is expected to exert a major influence on both ambient noise generation and
acoustic propagation conditions.

Data from central New Zealand demonstrate that marine soundscapes comprise
overlapping geophysical, biological, and anthropogenic sound sources occurring
concurrently across time and frequency, reflecting the combined influence of
environmental forcing and human activity (Warren et al., 2021a). Baseline passive
acoustic monitoring undertaken in the wider Cook Strait region indicates that
ambient noise is primarily driven by geophysical processes including wind, wave
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action, and seismic activity, together with anthropogenic contributions, principally
vessel traffic and seismic surveys (NIWA, 2016-2017; Goetz and Hupman, 2017).
These measurements demonstrate marked temporo-spatial variability in the
regional acoustic environment, including differences in vessel noise propagation
between deep and shallow water settings and variability associated with weather
conditions and marine traffic intensity. These observations are consistent with the
broader spectral partitioning of ocean noise, whereby low-frequency energy is
dominated commonly by vessel traffic and impulsive industrial sources, while mid-
to high-frequency sound is largely associated with sea-surface agitation driven by
wind, wave action, and precipitation (Hildebrand, 2009). In addition, low-frequency
baleen whale vocalisations recorded within Cook Strait demonstrate that acoustic
signals may propagate over substantial spatial scales under regional environmental
conditions, with seasonal detections of fin whale vocalisations confirmed through
passive acoustic monitoring (Constaratas et al., 2021).

The Cook Strait’s strong tidal currents (Section 5.1.5), complex bathymetry
(Section 5.1.1), and energetic mixing processes (Section 5.1.6) are expected to
influence the acoustic environment through both sound generation and propagation
mechanisms. In comparable high-energy shelf and strait environments,
hydrodynamic forcing has been shown to contribute to variability in low-frequency
ambient noise, including effects associated with current velocity, turbulence, and
flow-related interactions with fixed recording systems (Basan et al., 2024). In the
wider central New Zealand region, including the South Taranaki Bight, ambient
noise measurements similarly demonstrate that wind, rain, tidal forcing, and wave
activity elevate sound levels across a broad frequency range, frequently
overlapping with shipping, seismic surveys, and biological acoustic signals (Warren
et al., 2021a). These findings collectively indicate that physical forcing exerts a
strong control on short-term ambient noise variability within the region and may
influence sound transmission characteristics, signal detectability, and acoustic
masking processes relevant to marine fauna. Within the New Zealand context,
however, the evidence base for underwater ambient noise remains comparatively
limited, with national assessments identifying gaps in long-term and spatially
extensive empirical datasets (Clement, 2024). Consequently, characterisation of
the baseline acoustic environment for the operational area requires integration of
available empirical evidence, regional ecological and oceanographic understanding,
and predictive acoustic modelling to provide an appropriate basis for assessing
potential project-related effects.

5.2. Biological oceanography

Biological oceanography is the study of how marine organisms interact with their
environment and how these interactions affect the ocean's physical, chemical, and
geological properties. This field focuses on understanding the distribution,
abundance, and productivity of marine species, as well as the processes that
govern their spread and development. The topic includes various aspects of marine
life, including plankton diversity, their productivity, and their role in the global
carbon cycle and how marine organisms behave and develop in relation to their
environment. Biological oceanography differs to marine biology, which often takes
a top-down perspective, whereas biological oceanography typically adopts a
bottom-up approach, focusing on the ecosystem (as a whole).

According to the New Zealand Marine Environmental Classification (NZMEC)
system, the operational area comprises mainly Class 47, 63, 58 and 60 habitat
(Figure 5), (Snelder et al., 2005). Class 47 habitats occur in deep waters with a
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mean depth of 2998 m over a latitudinal range between 37 - 47 °S; concentrations
of chlorophyll a (Chl-a) are moderately low with a winter Sea Surface Temperature
(SST) of 11.6 °C. The Class 63 habitats are extensive on the continental shelf and
have a mean depth of 754 m, with moderate annual ISWSR, average Chl-a
concentrations, and winter SST of 12.1 °C. Class 58 has a restricted occurrence
with mean depths of 117 m and occurring within the Cook Strait area, the dominant
feature of this habitat is strong tidal currents, SST in winter is 13.0 °C. More
extensive than Class 58 is Class 60 habitats occurring in shallow waters with a
mean depth of 112 m, with moderate ISWSR, moderately high Chl-a concentrations
and a winter SST of 13.2 °C (Snelder et al., 2005). There are also habitat classes
within the Cook Strait that occupy a smaller proportion of the area such as Class
55, 64, 124, 130, 169 and 170. Class 55 habitats have moderately shallow waters
with mean depths of 224 m, this habitat class has a high ISWSR and high
wintertime SST of 15.1°C, concentrations of Chl-a are moderate. Class 64 habitats
occur in shallow waters with a mean depth of 38 m, both orbital velocities and
annual amplitude of SST are high with low seabed slopes, Chl-a concentrations on
average are at its highest in this class. Around the entire New Zealand coastline
occupying shallow waters with mean depth of 8 m are Class 124 habitats with very
high orbital velocities and a winter SST of 12.7°C. Occurring only in the
Marlborough Sounds are class 130 habitats, this class occupies sites with a
distinctive set of environmental conditions typified by shallow water with a mean
depth of 10 m, minimal slope, tidal currents, moderate orbital velocities and high
gradients of SST. Class 169 habitats are southeast of the South Island in shallow
waters with a mean depth of 66 m with low to moderate orbital velocities, moderate
tidal currents, moderately low annual solar radiation and a wintertime SST of 9.9°C.
On average Chl-a concentration in Class 169 habitats is high. Finally, Class 170
which has moderately shallow waters with a mean depth of 129 m, winter SST is
low at 9.3 °C, tidal currents are moderate with moderate concentrations of Chl-a
(Snelder et al., 2005).
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Figure 5: Bioregions as defined by the NZMEC system. Coordinate reference system: WGS
84/Equal Earth Asia-Pacific (EPSG:8859). Source: OSC (2026), modified from Snelder et al.
(2005).

5.2.1. Plankton

This section covers the characterisation of plankton communities within the
operational area. It describes the structure and function of phyto- and zooplankton
assemblages, their temporo-spatial variability, and the physical and biogeochemical
processes that regulate productivity. The section draws on available data from Cook
Strait and the wider central New Zealand region, supplemented by established
understanding from comparable shelf and strait environments, to define baseline
conditions and identify key controls on plankton dynamics.

Plankton comprise a diverse assemblage of organisms suspended within the water
column. Wassilieff (2009) listed common plankton groups in New Zealand,
including primary producers (phytoplankton) and secondary consumers
(zooplankton), which together underpin marine food webs and biogeochemical
cycling (Grigoratou et al., 2025). Marine phytoplankton contribute approximately
half of global primary production and play a fundamental role in regulating the
global carbon cycle through photosynthetic carbon fixation and the transfer of
organic carbon through marine food webs and export pathways (Falkowski et al.,
1998; Behrenfeld et al., 2006). Phytoplankton, including diatoms and
dinoflagellates, mediate primary production through photosynthesis, while
zooplankton, including copepods, euphausiids, and other taxa, transfer energy to
higher trophic levels (Chandel et al., 2024). Zooplankton additionally contribute to
carbon export and the biological pump through the production of faecal pellets,
respiration, excretion, moults, carcasses, and diel vertical migration, thereby
linking surface productivity with deep-ocean biogeochemical processes (Steinberg
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and Landry, 2017). In addition, some planktonic protists are mixotrophic,
combining phototrophic and heterotrophic nutrition, which can influence nutrient
cycling and carbon transfer through microbial food webs (Stoecker et al., 2017).
Collectively, these groups regulate energy flow and nutrient cycling within marine
ecosystems.

Within Cook Strait and the wider central New Zealand region, plankton distributions
are influenced strongly by hydrodynamic variability, including tidal mixing,
advection, and the interaction of distinct water masses of subtropical and
subantarctic origin (Garner, 1956; Bary, 1959; Ratnarajah et al., 2023). Plankton
communities within the Strait are therefore temporally variable and spatially
heterogeneous, reflecting the mixing of water masses and the continual exchange
of oceanographic conditions (Eddy et al., 2025). Where multiple water masses
interact, plankton assemblages are in a state of flux, with species composition and
abundance reflecting the relative contribution and mixing history of those water
masses.

Empirical studies conducted in Cook Strait indicate that phytoplankton biomass is
influenced by advection, tidal mixing and zooplankton grazing, with biomass
accumulation most likely where nutrient-rich waters become sufficiently stable to
allow phytoplankton growth (Bradford et al., 1986; Eddy et al., 2025). During
summer, nutrient-depleted, stratified waters derived from the Tasman Sea may
dominate surface layers (Karabashev, 2023); however, localised upwelling, frontal
processes, and tidal mixing act to supply dissolved inorganic nutrients to the
euphotic zone, thereby sustaining primary production (Valcarcel et al., 2025). In
the GCS, Bradford et al. (1986) identified several region-specific controls on
phytoplankton production, including tidal mixing off Marlborough Sounds, riverine
inputs from the Manawatu River, eastern Cook Strait hydrographic conditions, and
nutrient-rich upwelling in the Kahurangi Point-Cape Farewell region, the latter of
which was associated with elevated chlorophyll concentrations and primary
production relative to surrounding waters.

Zooplankton communities reflect similar physical controls, with composition,
abundance, and distribution linked closely to water mass structure and transport
processes (Lhériau-Nice et al., 2025). In the GCS, zooplankton assemblages have
been shown to vary in response to the formation and advection of upwelling
plumes, with distinct community structures associated with different stages of
plume development (Bradford-Grieve et al., 1993). This plume system is also
associated with high zooplankton biomass and active nutrient recycling, including
ammonia excretion, which may further influence phytoplankton dynamics within
the plume (James and Wilkinson, 1988). These observations demonstrate the
importance of advective processes and nutrient supply in structuring zooplankton
populations, including changes in reproductive capacity and species composition
linked to plume dynamics.

In high-energy shelf and strait environments, turbulence and mixing regulate
plankton dynamics through their influence on nutrient flux and light availability
(Aaron et al., 2025). Increased mixing may enhance nutrient delivery to surface
waters, thereby supporting phytoplankton growth; however, where mixing is
sufficiently intense, it may reduce growth by limiting light exposure within the
euphotic zone (Comesafia et al., 2021). Conversely, reduced mixing can promote
phytoplankton accumulation where nutrient availability is sufficient (Sharoni et al.,
2026). The balance between stratification and mixing therefore governs the timing,
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magnitude, and spatial distribution of plankton productivity, and represents a key
control on ecosystem function.

Within the operational area, plankton communities are therefore expected to
exhibit pronounced temporo-spatial variability driven by the interaction of
hydrodynamic forcing, nutrient supply, and biological processes. This variability is
characteristic of Cook Strait and adjacent systems and reflects the strong coupling
between physical oceanography and lower trophic levels. Consequently, plankton
dynamics provide a key mechanistic link between physical processes described in
Section 5.1 and higher trophic levels considered in subsequent sections.

5.2.2. Invertebrates

Benthic invertebrate communities within the operational area are structured
primarily by bathymetric complexity, substrate type, and the highly energetic
hydrodynamic regime that characterises the GCS (Section 5.1). Strong tidal
currents, combined with steep bathymetric gradients and episodic sediment-
transport processes, create spatially heterogeneous habitats that support diverse
assemblages of benthic invertebrate taxa (Mcllroy et al., 2024). In general, in high-
energy environments, such as constricted channels and canyon heads, coarse
substrates and exposed bedrock dominate, favouring sessile and encrusting taxa,
whereas lower-energy shelf and basin areas allow accumulation of finer sediments
(Walters et al., 2010; Galka, 2025), likely supporting infaunal communities. This
pattern is consistent with observations from other high-energy shelf environments,
where gradients in water depth, tidal-current strength, hydrography and sediment
mobility are associated with corresponding changes in seabed morphology and
sediment grain size (Butman, 1981).

Benthic communities in the GCS region comprise a mixture of soft-sediment and
hard-substrate assemblages, including molluscs, annelids, echinoderms, and
crustaceans (Michie, 2023). Representative taxa include bivalves, gastropods,
polychaete worms, amphipods, decapod crustaceans, holothurians, echinoids, and
ophiuroids, with local abundance and composition varying according to sediment
grain size, hydrodynamic stress, and organic matter availability (Snelgrove and
Butman, 1994; Thrush et al., 1998; Thrush et al., 2003; Snelder et al., 2005). In
areas where bedrock or stable hard substrata are present, epifaunal organisms
such as sponges, bryozoans, and cold-water corals can contribute to structural
complexity. In particular, habitat-forming cold-water corals can form three-
dimensional biogenic structures, including reef-, mound-, or thicket-like
formations, which may support other invertebrates and fish on slope margins,
ridges and seamounts (Tracey et al., 2011).

In general, bathymetric features such as canyon systems and shelf-slope
transitions further enhance biodiversity by promoting localised retention and
upwelling of nutrient-rich waters (Section 5.1.1) (Connolly and Hickey, 2014;
Saeedi, 2026), which indirectly support benthic productivity through the vertical
coupling of pelagic and benthic systems. These physically driven processes supply
organic matter to the seabed, sustaining deposit-feeding and suspension-feeding
communities (Kalybekova, 2025). Episodic sediment transport and resuspension
events, associated with strong tidal flows and storm forcing (Section 5.1.5),
contribute to disturbance regimes that structure community composition and limit
competitive exclusion, thereby maintaining diversity across multiple spatial scales
(Gallop et al., 2015).
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As in similar environments, invertebrate communities in the operational area will
exhibit adaptations to high levels of physical disturbance, including morphological
traits that enhance attachment, burrowing ability, or mechanical resilience (Hudson
etal., 2022). Sessile organisms, such as sponges and corals, are typically restricted
to stable substrates where flow conditions, although energetic, do not exceed
attachment thresholds (Manni et al., 2025). Motile taxa exhibit behavioural and
ecological flexibility, allowing rapid recolonisation following disturbance (Solé et al.,
2023). Consequently, benthic assemblages are characterised by dynamic
equilibrium conditions rather than stable climax communities, reflecting the
dominance of physical forcing over biological interactions.

From a functional perspective, benthic invertebrates play a critical role in
ecosystem processes, including bioturbation, nutrient recycling, and secondary
production (Covich et al., 1999; Bolam et al., 2002; Schenone et al., 2023). Deposit
- and suspension - feeding taxa contribute to cycling of organic matter and
redistribution of sediments, influencing sediment structure and biogeochemical
processes at the seabed. These processes are intrinsically linked to the physical
environment, particularly mixing and turbulence (Section 5.1.6), which regulate
delivery of particulate material to benthic habitats (Rhoads and Young, 1970; Khan
and Rountos, 2025).

5.2.3. Fish

Fish communities in the wider Cook Strait region comprise a mixture of demersal,
pelagic and reef associated taxa, reflecting the strong environmental gradients that
characterise New Zealand’s shelf and slope systems, including marked depth-
related changes in demersal fish composition and diversity (Zintzen et al., 2012).

Demersal assemblages vary predictably with distinct inner shelf, outer shelf, and
slope communities identified along environmental gradients (Beentjes et al., 2002;
Francis et al., 2002). This broad depth-related structuring is consistent with wider
patterns described for New Zealand fish communities, where demersal fish
composition and diversity change markedly along shelf and slope depth gradients
(Zintzen et al., 2012; Zintzen et al., 2017). Within these demersal assemblages, a
range of commercially and ecologically important species occur across shelf and
slope habitats, including hoki (Macruronus novaezelandiae), red cod (Pseudophycis
bachus), and gurnard species (e.g. Chelidonichthys kumu). As with other
ecosystems, fish communities in the operational area are likely to exhibit
behavioural flexibility, habitat selectivity, and mobility in response to local
environmental conditions. Demersal species will generally associate with substrata
or sediment regimes that provide suitable feeding and refuge conditions, whereas
pelagic species tend to exploit the dynamic water column environment and
associated prey fields. These communities are therefore likely characterised by
temporo-spatially variable distributions, particularly in reef-associated habitats
where fish assemblages have been shown to vary across transect, site and regional
scales (Anderson and Millar, 2004).

Reef and near-reefal assemblages in New Zealand waters are distinct from
demersal soft sediment communities and are characterised by taxa associated with
rocky habitats, including wrasse such as Notolabrus spp., moki (Nemadactylus
macropterus) and related reef-associated taxa and triplefins such as Forsterygion
spp. (Anderson and Millar, 2004; Williams et al., 2008). In New Zealand reef
systems, fish assemblages have been shown to vary among habitat types, including
kelp forest, algal turf, sand, sponge flats, barrens and macroalgal reef habitats
(Choat and Ayling, 1987; Anderson and Millar, 2004; Williams et al., 2008; Cole et
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al., 2012). Demersal fish species contribute to benthic-pelagic coupling through
predation on invertebrates and subsequent redistribution of biomass, while pelagic
species link primary production to higher trophic levels. These processes are linked
intrinsically to the physical environment, particularly mixing and turbulence
(Section 5.1.6), which regulate productivity and prey availability.

Fish assemblages within the operational area are structured by the same physio-
environmental drivers influencing benthic communities, including bathymetric
complexity, substratum type, topographic complexity, the highly energetic
hydrodynamic regime characteristic of Cook Strait and macroalgal canopy (Cole et
al., 2012). Strong tidal currents, steep bathymetric gradients, and persistent
mixing of water masses generate spatially heterogeneous habitats that support a
range of demersal and pelagic fish assemblages (Section 5.1.1, Section 5.1.3,
and Section 5.1.7). In western Cook Strait specifically, reef fish abundance has
been linked to depth, topographic complexity, substratum characteristics and
macroalgal canopy cover, with different species showing different habitat
associations (Cole et al., 2012).

Overall, depth and associated environmental gradients represent primary controls
on fish community composition in New Zealand shelf and slope systems, with
secondary influences from latitude, sediment composition, habitat complexity and
bottom temperature (Beentjes et al., 2002; Zintzen et al., 2012; Zintzen et al.,
2017). The New Zealand Marine Environment Classification was developed using
environmental variables including depth, slope, wave-induced seabed orbital
velocity, tidal current velocity (see Section 5.1), and sea-surface temperature
metrics. Tuned against demersal fish distributions, it provides a useful broad-scale
framework for interpreting fish assemblage variation across shelf and slope
environments (Snelder et al., 2005).

In rocky and structurally complex habitats, including areas of exposed bedrock and
reefy outcrops, fish abundance and species richness are strongly influenced by
topographic complexity and biogenic habitat, such as macroalgal canopies (Cole et
al., 2012), while reef fish diversity and assemblage composition may differ
significantly among nearshore habitat types (Williams et al., 2008). Areas of
increased structural complexity can support higher local diversity and abundance,
reflecting the role of habitat heterogeneity in providing refuge, foraging
opportunities, and habitats for different life stages. At larger spatial scales, fish
assemblages within the New Zealand region are influenced by depth and latitude,
with assemblages becoming increasingly similar with depth across broad spatial
gradients (Zintzen et al., 2017). These patterns reflect the combined influences of
hydrodynamic processes, habitat availability, and dispersal connectivity.

Hydrodynamic processes exert both direct and indirect influences on fish
community structure. Strong tidal currents and associated mixing processes can
influence the distribution of planktonic prey and the transport of early life stages,
while also affecting habitat suitability for demersal species through sediment
transport and bedform dynamics (Section 5.1.4 and Section 5.1.6). In dynamic
systems such as the Cook Strait, these processes likely contribute to spatial
variability in fish abundance and distribution, particularly where bathymetric
complexity reef structure, sediment type and macroalgal habitats interact to create
heterogeneous habitat conditions.

Fish detect and respond to underwater sound through a combination of particle
motion which represents the oscillatory displacement, velocity, or acceleration of
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water particles within a sound field, and, in some taxa, sound pressure detection;
these modalities underpin a range of behavioural, physiological, and ecological
responses to anthropogenic noise. All fish species are sensitive to particle motion,
and it is recognised widely as the primary acoustic stimulus for fishes, including
elasmobranchs and species lacking specialised hearing structures (Popper and
Hawkins, 2019b). Sensitivity varies substantially among taxa, primarily as a
function of auditory anatomy, particularly the presence or absence of a gas-filled
swim bladder and associated accessory hearing structures. Consequently,
responses to noise exposure are species-specific and context-dependent, with
effects ranging from behavioural disturbance to physiological injury.

Species lacking swim bladders or accessory auditory structures, including most
elasmobranchs and many demersal teleosts, are regarded typically as particle-
motion-sensitive, detecting sound primarily through inertial mechanisms acting on
the otolith organs. The fish inner ear, comprising otolith organs coupled to sensory
hair cells, responds directly to particle acceleration arising from the differential
movement between the fish body and dense otoliths (Popper and Fay, 2011;
Popper and Hawkins, 2019b; Popper and Hawkins, 2020). In contrast, species
possessing a swim bladder in close proximity to the ear or connected via accessory
such as Weberian ossicles, can transduce sound pressure into local particle motion,
thereby enhancing sensitivity and extending hearing bandwidth (Ladich and Schulz-
Mirbach, 2016; Schulz-Mirbach et al., 2020; Wiernicki et al., 2020). However, this
traditional distinction should be applied cautiously, as this terminology has been
criticised as overly simplistic and unable to capture the diversity of auditory
morphologies and hearing pathways across fishes (Popper and Fay, 2011; Alves et
al., 2025).

Empirical and methodological studies indicate that differences in auditory
sensitivity are strongly influenced by the ability of some taxa to detect the pressure
component of the sound field, rather than by particle motion detection alone. The
ancestral and most common mode of fish hearing is generally considered to involve
direct particle-motion detection through otolith organs, with pressure sensitivity
representing an additional pathway that has evolved in some taxa through gas-
filled structures and otophysic 3 connections (Popper and Fay, 2011); however,
comparisons among audiograms should be treated cautiously because
experimental methods, acoustic tank conditions, threshold determination criteria
and whether thresholds are expressed in sound pressure or particle motion can
strongly affect measured sensitivity (Radford et al., 2012; Wiernicki et al., 2020;
Alves et al., 2025). Accordingly, particle motion remains a common component of
fish hearing, while pressure detection constitutes an additional mechanism in taxa
with suitable anatomical adaptations.

Recent advances have emphasised the need to quantify particle acceleration and
substrate motion when assessing acoustic impacts on fish, as conventional metrics
based solely on sound pressure are often inadequate. Particle motion is a vector
quantity that conveys both magnitude and directional information, enabling fishes
to detect the direction of sound sources and orient behaviourally (Popper and Fay,
2011; Jones et al., 2025). Field measurements also indicate that particle
acceleration and sound pressure may have different spatial ranges above ambient
conditions. Rogers et al. (2021) reported that signals from an experimental seismic

3An otophysic connection is a physical connection between the swim bladder and the inner ear that
enhances hearing sensitivity.
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survey exceeded ambient particle acceleration up to 10 km from the source, while
sound pressure exceeded ambient conditions up to 31 km.

Increasingly, experimental approaches employ accelerometers, shaker tables,
controlled acoustic systems and standing-wave tube designs to isolate or better
characterise particle motion and sound pressure effects (Schulz-Mirbach et al.,
2020; Guan et al., 2025; Maiditsch et al., 2025). X-ray and tomographic
approaches have been used to visualise sound-induced motion of auditory
structures, including swim bladder walls, Weberian ossicles and otoliths, under
conditions designed to maximise either sound pressure or particle motion (Schulz-
Mirbach et al., 2020; Maiditsch et al., 2025). However, separating pressure and
particle motion in mediating these effects is recognised increasingly as critical
(Popper and Hawkins, 2018; Popper and Hawkins, 2019b). Many existing exposure
criteria and impact assessments have been developed using sound pressure
metrics derived from marine mammal research or from fish studies in which particle
motion was not adequately measured; these may not adequately reflect the
acoustic stimuli most relevant to fish, particularly species that primarily detect
particle motion (Popper and Hawkins, 2019b; Popper et al., 2019).

Overall, fish assemblages within the operational area are best characterised as
spatially heterogeneous, temporally variable, and strongly structured by the
interaction of bathymetry, habitat complexity, and hydrodynamic forcing. These
processes operate across a continuum of temporo-spatial scales, linking physico-
environmental drivers to ecological structure, and underpinning trophic
connectivity between benthic and pelagic systems. In this context, behavioural
responses to underwater noise represent the primary mechanism of interaction
with anthropogenic activity; however, the inherent dynamism and connectivity of
the system are expected to mediate short term, localised effects, the implications
of which are evaluated in Section 6.2.3.6.

5.2.4. Marine reptiles

All seven sea turtle species are threatened globally by global warming, climate
change, sea-level rise, and fisheries-related mortality, particularly by-catch
(Poloczanska et al., 2009; Silva et al., 2025). New Zealand does not support
nesting populations; however, five species of marine turtle have been recorded
within its waters (Gill, 1997). The principal species include the leatherback
(Dermochelys coriacea), green (Chelonia mydas), and loggerhead (Caretta
caretta), all of which occur as migratory or vagrant individuals rather than resident
populations. Records are concentrated primarily in warmer northern waters,
particularly within the Bay of Plenty, where individuals are observed foraging or
transiting during seasonal movements (Godoy et al., 2016; Edwards, 2023; Siders
et al., 2024). Occurrence within the operational area and wider Cook Strait region
is considered rare and sporadic, reflecting its position at the southern extent of
suitable thermal habitat and the influence of energetic, mixed, and comparatively
coldwater masses.

5.2.5. Seabirds

The Cook Strait region represents a convergence zone between subtropical and
subantarctic water masses, supporting a mixed assemblage of seabirds with
differing biogeographic affinities (Garner, 1959). Seabird composition varies
seasonally, with migratory pelagic taxa dominating offshore assemblages and
coastal species associated with nearshore habitats (Fleming, 1957).
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Forty or more seabird species are known to visit the Cook Strait. Of these, twelve
species establish their breeding colonies there and in the surrounding areas such
as Kaikoura and Wellington. These include: little penguin (Eudyptula minor), flesh-
footed shearwater (Ardenna carneipes), Hutton’s shearwater (Puffinus huttoni),
and New Zealand king shag, Leucocarbo carunculatus (New Zealand Birds Online,
2026).

Important Bird Areas (IBAs) in New Zealand have been identified based on foraging
and migratory habits of endemic seabirds, concentrated around major colonies, see
Figure 6. Table 4 details seabirds that might be encountered foraging in the area.

Figure 6: Major seabird colonies in New Zealand. Source: Abraham et al. (2014).
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Species Conservation status (IUCN and Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

NZTCS)
Black Fronted Tern Endemic
(Chlidonias albostriatus) Nationally Endangered
Black-browed mollymawk Native
(Thalassarche melanophris) Coloniser
Campbell black-browed mollymawk Endemic
(Thalassarche impavida) Naturally Uncommon
Cape Petrel Native
(Daption capense) Naturally Uncommon
Common diving petrel Native
(Pelecanoides urinatrix) Relict
Fairy prion Native
(Pachyptila turtur) Relict
Flesh-footed shearwater At-risk
(Puffinus carneipes) Relict
Fluttering shearwater At-risk
(Puffinus gavia) Relict
Hutton’s shearwater (Puffinus Threatened
huttoni) Nationally vulnerable
Little penguin Native
(Eudyptula minor) Declining
New Zealand king shag Endemic
(Leucocarbo carunculatus) Nationally Endangered
Salvin's mollymawk Endemic
(Thalassarche salvini) Nationally Critical
Spotted shag Endemic
(Phalacrocorax punctatus) Nationally Vulnerable
Westland petrel Endemic
(Procellaria westlandica) Naturally Uncommon
White-capped mollymawk Native
(Thalassarche cauta) Declining

Table 4: Seabird conservation and breeding status/season according to both International Union for Conservation of Nature (IUCN) and New Zealand (NZ), including those that might be
encountered foraging in the Cook Strait operational area. Source: Robertson et al. (2003); Robertson et al. (2021); New Zealand Birds Online (2026).

© Ocean Science Consulting Limited (OSC) 2026
COMMERCIAL IN CONFIDENCE
OSC_2026_GAR5_MMIA_v3.6.docx



)
GEOMAR

-
& SUBTRANS Marine Mammal Impact Assessment

5.2.6. Marine mammals

Marine mammals likely to be found in the operational area of the Cook Strait and
Kaikdoura region and the neighbouring Marlborough Sounds are detailed, in
alphabetical (not taxonomical) order here.

Baleen whales have a widespread distribution and are primarily oceanic marine
mammals, which limits population data on these species. Abundance data tends to
be confined to certain geographic and regional areas (Berkenbusch et al., 2013).

Odontocetes (toothed whales and dolphins) are distributed widely across marine
and some freshwater ecosystems, ranging from polar to tropical waters. Their
distribution is influenced by factors such as prey availability, water temperature,
oceanographic features (e.g. upwellings, thermoclines), and anthropogenic factors.
Some species, such as the sperm whale (Physeter macrocephalus), have broad
oceanic distributions, while others, like the Maui’s dolphin (Cephalorhynchus hectori
maui) are coastal and highly localised. Coastal species often inhabit continental
shelf regions, whereas deep-diving species occur in offshore pelagic zones.

Oceanic odontocete species are generally less well understood in terms of
abundance and distribution compared to their coastal counterparts due to the
logistical challenges of conducting research in offshore environments. These
species often inhabit vast, deep-water regions where survey efforts are constrained
by financial, technological, and temporal limitations. Unlike coastal species, which
can be studied through land-based observations or relatively short vessel surveys,
oceanic odontocetes require extensive ship-based surveys, passive acoustic
monitoring, or satellite telemetry. Additionally, their often elusive and deep-diving
behaviours (e.g. beaked whales and sperm whales) further complicate direct
observations and population assessments. As a result, many oceanic odontocetes
are classified as Data Deficient by the International Union for Conservation of
Nature (IUCN), with significant knowledge gaps regarding their population
structure, migratory patterns, and habitat preferences. Threats assessed as having
a serious impact on individuals included whaling, military sonar, entanglement,
depredation, vessel strikes, plastics, and oil spills (Feyrer et al., 2024).

Pinnipeds present in New Zealand include the leopard seal (Hydrurga leptonyx),
southern elephant seal (Mirounga leonina), and the endemic New Zealand sea lion
(Phocarctos hookeri); however, the only species likely to be found in the
operational area is the New Zealand fur seal (Arctocephalus forsteri) (Pavanato et
al., 2023). Threats to pinnipeds include entanglement, noise pollution, injuries from
vessel collision, and loss of breeding grounds due to climate change and land
development (Schoeman et al., 2020; Roberts and Hendriks, 2022; Pavanato et
al., 2023).

Marine mammal illustrations presented in this publication have been created for
illustrative and educational purposes using Artificial Intelligence (Microsoft Copilot
for Business). Development of each image is a highly iterative process involving
substantial expert review and refinement. Reference material supplied to the Al
includes photographs of stranded animals, underwater photographs, published
artists’ impressions, anatomical drawings, and photographs from Ocean Science
Consulting Ltd’s own image archive. These materials are used to generate an initial
illustration, which is then reviewed and revised repeatedly by experienced MMOs
and marine mammal specialists within the company.
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The objective is to produce an image that represents the species as accurately as
possible; however, many marine mammal species are rarely observed, poorly
photographed, or exhibit considerable variation between individuals. Differences
associated with sex, age, geographic population, posture, lighting conditions, and
natural markings can further influence appearance. Consequently, the illustrations
should be regarded as informed approximations rather than exact depictions of any
individual animal.

While every effort has been made to ensure anatomical accuracy and faithful
representation of diagnostic characteristics, it is not currently possible to generate
an image that is 100% identical to the appearance of a living animal. Al can, of
course, generate spurious results (APPENDIX D - INACCURATE IMAGE
GENERATED BY AI). Readers are therefore encouraged to consult official
identification guides, field manuals, and photographic reference sources when
undertaking species identification or verification. The illustrations provided here are
intended to complement, rather than replace, established identification resources.

Species occurrence within the wider operational area was assessed using multiple
lines of evidence, including published sighting and stranding records, acoustic
detections, fisheries-observer records and modelled species distributions. Modelled
species distributions were used to indicate areas of predicted occurrence or
environmental suitability rather than relative abundance (Stephenson et al., 2020).
These model outputs are considered alongside empirical records when evaluating
the likelihood of species occurrence within and around the operational area. The
number of sightings or stranding records is not interpreted as a direct estimate of
abundance because observation effort, detectability and reporting are spatially and
temporally variable.
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5.2.6.1. Antarctic & dwarf minke whale (B. bonaerensis & B. acutorostrata ssp.)

Figure 7 shows both Antarctic and dwarf minke whale. Seasonal distribution and
migration of nearly all populations and species of minke whale are poorly
understood (Risch et al., 2019). The lack of data on minke whale species could be
attributed to their small size, inconspicuous behaviour and seasonal distribution
within remote pelagic and sea ice habitats.

Figure 7: Antarctic and dwarf minke whale Source: OSC (2026).

The Antarctic minke whale is present within the Southern Hemisphere, typically
between 60°S and the ice edge (Williams et al., 2014); however, Antarctic minke
whales have been acoustically detected within the Cook Strait between mid-July
and mid-September and in Kaikoura in July and August (Goetz and Hupman, 2017;
Warren et al., 2021a). It is unknown how representative these acoustic detections
are of the actual temporo-spatial presence of Antarctic minke whales within the
area of operations. Antarctic minke whales have also been acoustically detected in
Australia during winter and spring therefore it is not a surprise that they are
occasionally present within New Zealand waters (Risch et al., 2014).

The NZTCS status of the Antarctic Minke whale was changed from Data Deficient
to Non-resident Native — Migrant. There is no evidence that this species breeds in
New Zealand although it does visit New Zealand waters (Lundquist et al., 2025).

Dwarf minke whales appear to be distributed within the lower latitudes of the
Southern Hemisphere. Most sightings of dwarf minke whales are between
December and March to the South of Australia and New Zealand (Authority, 2011).
The range of the dwarf minke whale is sympatric with the Antarctic minke whale;
it is difficult to distinguish between these minke whale species visually, making
some of the sightings-based information potentially inaccurate (Acevedo et al.,
2011). Acoustic presence of the Antarctic minke whale and a known overlap in the
range of this species means that we cannot rule out the dwarf minke whale being
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present within the area of operations. The dwarf minke whale NZTCS status
changed from Not Threatened to Data Deficient in 2019 due to a potentially resident
population in New Zealand'’s subantarctic waters, but there are insufficient data on
population abundance (Baker et al., 2019). In 2025 the dwarf minke whale NZTCS
status remains Data Deficient as there is still a lack of recent distribution and
abundance data of this species in New Zealand waters (Lundquist et al., 2025).

Although these records demonstrate that minke whales may occur in New Zealand
waters, they appear to be recorded infrequently. Government fisheries-observer
data compiled by Richard and Berkenbusch (2024) contained nine minke whale
sightings comprising 33 animals across New Zealand waters, suggesting that they
may occur in the wider region, but are encountered relatively infrequently.

5.2.6.2. Antarctic blue whale & pygmy blue whale (Balaenoptera musculus
intermedia & B. m. brevicauda)

Figure 8 shows the Antarctic blue and pygmy blue whale. The blue whale is a
cosmopolitan species, found in all oceans. They feed almost exclusively on
euphausiids (krill).

Figure 8: Antarctic blue and pygmy blue whale Source: OSC (2026).

Their migration patterns are not well understood, but appear to be diverse, with
some individuals residing year-round in productive habitats, while others undertake
long migrations from tropical waters to high latitude feeding grounds. The
International Union for Conservation of Nature (IUCN) has classified blue whales
as Endangered due to the historic population reduction of 89-97%, attributed to
commercial whaling (Cooke, 2018d). The global population is estimated at 5,000
to 15,000 individuals and recovering (Cooke, 2018d). Blue whales observed around
New Zealand appear to be pygmy blue whales, based on genetics and morphology,
but they are difficult to distinguish from blue whales in the field; however, acoustic
monitoring demonstrates that Antarctic blue whales use waters around southern
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New Zealand regularly, travelling through the Cook Strait (Branch et al., 2007a;
Branch et al., 2007b; Cooke, 2018d; Warren et al., 2021b). The NZTCS status of
the blue whale was changed from Data Deficient to Non-Resident Native — Migrant
due to the limited data on this species in New Zealand (Lundquist et al., 2025).

Pygmy blue whales can be found in New Zealand throughout the year; this native
population has been shown to be genetically distinct (Barlow et al., 2018; Barlow
et al., 2023). Acoustic detections of pygmy blue whales in the Cook Strait and
Kaikoura indicate that they are present within the area of operations. Pygmy blue
whale acoustic detections in Kaikoura peaked during the austral autumn and spring.
However, pygmy blue whale vocalisations declined within the Cook Strait during
September and October (Warren et al., 2021b). The pygmy blue whale NZTCS
status was changed from Data Deficient to Threatened - Nationally Vulnerable as
this population was subject to whaling and is assumed to have not fully recovered
to pre-whaling numbers (Lundquist et al., 2025).

5.2.6.3. Fin whale (B. physalus)

The fin whale (Figure 9) is present throughout most of the world’s oceans with
some populations of fin being resident year-round while others make seasonal
migrations to higher latitudes for feeding opportunities (Edwards et al., 2015;
Geijer et al., 2016).

Figure 9: Fin whale. Source: OSC (2026).

Fin whales are generalist feeders, with a diet primarily of krill, but also eat fish.
Females reach sexual maturity after about a decade. The IUCN has classified fin
whales as Vulnerable, due to the historic population reduction of 70% attributed to
commercial whaling, but subsequent recovery to 30% of the level three generation
ago.

Fin whales can be found in the east coast of New Zealand, with some wintering
individuals possibly being part of a broader ‘acoustic population’ whose range
extends to southern Australia and Antarctica (Constaratas et al., 2021). During the
austral winter, fin whale calls were detected on the eastern side of Cook Strait and
offshore Gisborne (Constaratas et al., 2021). Lack of acoustic detections on the
west side of the Cook Strait may be due to habitat preference, but more research
is required. Its classification under the NZTCS changed Data Deficient to Non-
Resident Native — Migrant in 2025 due to evidence of temporal trends in sightings
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and acoustic detections and no evidence of breeding in New Zealand (Constaratas
et al., 2021; Lundquist et al., 2025).

5.2.6.4. Humpback whale (Megaptera novaeangliae)

The humpback whale (Figure 10) is a wide-ranging species found in all ocean
basins. All subpopulations, other than one in the Arabian Sea, migrate between
mating grounds in tropical waters and feeding areas in high latitude productive
waters (Cooke, 2018b).

Figure 10: Humpback whale. Source: OSC (2026).

The global population of humpback whales is estimated at 135,000, which is higher
than the level three generations ago, so is listed as Least Concern (Cooke, 2018b).

Humpback whales can be seen passing along the coast of New Zealand as they
migrate between summer feeding grounds in Antarctic waters and winter breeding
grounds in the tropical waters of the South Pacific. Many reported sightings are
from the east coast of New Zealand, with almost half from Kaikdoura and the Cook
Strait (Constantine et al., 2007). Individuals and groups with site-fidelity to the
New Caledonia, Tonga and East Australia breeding grounds are likely to pass
mainland New Zealand during both north- and south-bound migrations, these
migration paths are supported by genetic evidence (Franklin et al., 2014; Duffy et
al., 2015; Steel et al., 2018). The migration periods are typically June to August
when they migrate north and September to November when the migrate south
(Constantine et al., 2016; Warren et al., 2020). Over a 12-year study period there
was a small but significant increase in the number of humpback whales migrating
through the Cook Strait, suggesting a slow population recovery (Steel et al., 2025).
Although humpback whales use the Cook Strait as part of their migration to give
birth, some individuals have been recorded giving birth in the waters surrounding
New Zealand (McPhee-Frew et al., 2025).
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Humpback whales are listed as Least Concern by the IUCN due to a consistently
increasing trend in their global population; however, the regional Oceania
subpopulation, which migrates through the operational area, is recognised as
demographically isolated, and is listed as endangered due to slower population
recovery (Childerhouse et al., 2008). The NZTCS classifies the species as Non-
Resident Native - Migrant as there is no endemic population but do visit New
Zealand (Lundquist et al., 2025).

5.2.6.5. Pygmy right whale (Caperea marginata)

The pygmy right whale (Figure 11) is sighted rarely and there is no estimate on
global population size.

Figure 11: Pygmy right whale. Source: OSC (2026).

Pygmy right whales are thought to feed on copepods, as suggested by limited
stomach content records from fresh strandings. They are difficult to identify at sea,
so they might not be as uncommon as records would suggest. They are classified
as Least Concern, primarily due to low exposure to anthropogenic threat (Cooke,
2018a).

Pygmy right whales are known to inhabit Australian mid-latitude waters year-round
(Dedden et al., 2023; Nguyen Hong Duc et al., 2026). The only sightings of live
pygmy right whales in New Zealand have been made in the Cook Strait and offshore
waters in the southeast of the country (Matsuoka et al., 2005; Kemper et al.,
2013). It is classified as Data Deficient under the NZTCS (Lundquist et al., 2025).
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5.2.6.6. Sei whale (Balaenoptera borealis)

The sei whale (Figure 12) is a cosmopolitan species, with a mainly offshore
distribution. They primarily feed on krill and copepods but have also been reported
preying on fish.

Figure 12: Sei whale. Source: OSC (2026).

Sei whales can be difficult to differentiate from Bryde’s whales (Balaenoptera
brydei), which is unlikely to be encountered, as they are associated primarily with
the warm-temperate waters of the upper North Island, particularly the Hauraki
Gulf, where they form a resident population and are recorded regularly. The IUCN
has classified sei whales as Endangered, due to the historic population reduction
attributed to commercial whaling and limited evidence of recovery. The global
population size is thought to be recovering, but status has precautionarily not been
decreased to Vulnerable (Cooke, 2018c).

The Southern Hemisphere lacks reliable abundance information for sei whale
populations (Berkenbusch et al., 2013; Austin, 2021); however, there has been an
acoustic detection of a sei whale within the Cook Strait region within the month of
July (Goetz and Hupman, 2017). Sei whales may transit through the operational
area. Their NZTCS changed from Data Deficient to Non-Resident Native - Migrant.
Although data on this species is limited, there is no evidence that it breeds in New
Zealand (Lundquist et al., 2025). Government fisheries-observer data included only
five sei whale sightings events, comprising 10 animals, across New Zealand waters
(Richard and Berkenbusch, 2024). This is consistent with the limited local evidence
available for the species and suggests that sei whales may occur in the operational
area only occasionally, most likely while migrating.
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5.2.6.7. Southern right whale (Eubalaena australis)

Southern right whale (Figure 13) has a circumpolar distribution within the
Southern Hemisphere.

Figure 13: Southern right whale. Source: OSC (2026).

Southern right whales were once found extensively throughout New Zealand waters
but, due to unconstrained whaling they were hunted to near extinction (Jackson et
al., 2016). Southern right whales migrate seasonally between winter calving
grounds and summer feeding grounds where they feed on krill and copepods
(Valenzuela et al., 2018).

Southern right whales in New Zealand are distributed primarily around the
Auckland Islands during winter, which represent the principal calving and
socialising habitat for the population (Rayment et al., 2012). Smaller numbers of
southern right whales have been recorded around Campbell Island and mainland
New Zealand during winter (Carroll et al., 2014; Torres et al., 2017). Recent
satellite tracking and stable isotope studies have substantially improved knowledge
of the offshore distribution of New Zealand southern right whales outside the
wintering season. Whales from the New Zealand population migrate to offshore
feeding grounds across the Southern Ocean, with the Subtropical Front south of
Australia identified as the primary foraging region, together with more limited use
of the Subantarctic Front and higher-latitude waters (Derville et al., 2023; Riekkola
et al., 2025). Riekkola et al. (2025) found that 71% of area-restricted search
locations for New Zealand southern right whales were associated with the
subtropical Front, with a smaller proportion associated with the Subantarctic Front
and Antarctic waters.

Between 2003 and 2010 southern right whales were sighted within the Cook Strait
area, with this species being acoustically detected in 2016 (Carroll et al., 2014;
Goetz and Hupman, 2017). These records indicate possible recolonisation of
southern right whales within the Cook Strait region and their potential presence
within the area of operations for the project (Figure 14). Their NZTCS status is
listed as Threatened - Nationally Increasing due to this small population

60

© Ocean Science Consulting Limited (OSC) 2026
COMMERCIAL IN CONFIDENCE
0SC_2026_GAR5_MMIA_v3.6.docx



)
GEOMAR

-
& SUBTRANS Marine Mammal Impact Assessment

experiencing previous decline but numbers are predicted to increase (Lundquist et
al., 2025).

Figure 14: Southern right whale annual distribution in operational area. WGS 84/Equal
Earth Asia-Pacific (EPSG 8859). Source: OSC (2026), modified from MPI (2026).

5.2.6.8. Arnoux’s beaked whale (Berardius arnuxii)

The Arnoux's beaked whale (Figure 15) is found in a circumpolar pattern in the
southern hemisphere and considered uncommon throughout its distribution. It is
thought to inhabit deep waters and feed on fish and cephalopods.

Figure 15: Arnoux’s beaked whale. Source: OSC (2026).

The IUCN classifies Arnoux’s beaked whale as Least Concern despite few data, due
to its wide distribution and relatively frequent sightings (Brownell Jr. and Taylor,
2021).
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The operational area is within the northernmost distribution limit of the Arnoux’s
beaked whale, but sighting and stranding records within the Cook Strait suggest
possible presence in the area (Thompson et al., 2013; Feij et al., 2024). The NZTCS
status of the Arnoux’s beaked whales is classed as Data Deficient (Lundquist et al.,
2025).

5.2.6.9. Bottlenose dolphin (Tursiops truncatus)

The bottlenose dolphin (Figure 16) is among the most common cetacean species
worldwide. Global abundance has been estimated at 750,000 individuals but is
likely much higher.

Figure 16: Bottlenose dolphin. Source: OSC (2026).

Bottlenose dolphins exhibit complex social behaviours partly facilitated by the
variety of vocalisations they can produce (Lusseau, 2007; Patifio-Pérez et al.,
2024). They can be found in inshore, coastal, shelf, and oceanic waters, with costal
populations being the most vulnerable to anthropogenic disturbance (Wells et al.,
2019). The documented occurrence of bottlenose dolphins in the wider region is
also consistent with fisheries-observer data, which include numerous bottlenose
dolphin records across New Zealand waters (Richard and Berkenbusch, 2024).
Coastal and pelagic populations exploit different enough niches to be split into two
ecotypes (Zaeschmar et al., 2020). They generally feed on a variety of species,
with a notable difference in the diets of coastal and pelagic ecotypes (Hartel, 2010;
Mormede, 2023). The diet of coastal dolphins in southern New Zealand has been
shown to mainly consist of fishes found in rocky reefs and benthic habitat (Lusseau,
2003). The global population is classified by the IUCN as Least Concern. There are
certain coastal populations classified as Critically Endangered, one of them being
the Fiordland population in south New Zealand (Wells et al., 2019).

Bottlenose dolphins are known to be present within the Marlborough Sounds, which
is a series of rias adjacent to the Cook Strait (Merriman et al., 2009; Goetz and
Hupman, 2017). The Marlborough Sounds is only a section of a much larger home
range; this population of bottlenose dolphins is known to travel at least 80 km out
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of the area (Merriman et al., 2009), Figure 17). In 2025 the NZTCS status for
bottlenose dolphins was changed from Threatened - Nationally Endangered to
Threatened - Nationally Vulnerable, the change due to the oceanic bottlenose
dolphin population being greater than 1,000 individuals; however the coastal
populations face a number of anthropogenic threats and rely on conservation
management measures (Lundquist et al., 2025).

Figure 17: Bottlenose dolphin annual distribution in operational area. WGS 84/Equal Earth
Asia-Pacific (EPSG 8859). Source: OSC (2026), modified from MPI (2026).

5.2.6.10. Common dolphin (Delphinus delphis)

Common dolphins (Figure 18) are distributed widely in all oceans, from coastal to
offshore waters.

Figure 18: Common dolphin. Source: OSC (2026).
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Estimates put the global population at around six million, but it is probably higher.
They are very social animals that live in large groups. Stomach content analysis
shows that common dolphins are generalist predators feeding on a variety of small
pelagic schooling fish and cephalopods (Marcalo et al., 2018; Brand et al., 2021).
The IUCN classifies them as being of Least Concern (Braulik et al., 2021).

New Zealand is the southernmost distribution limit for common dolphins in the
Pacific Ocean (Natoli et al., 2006; Amaral et al., 2012), and the species is widely
distributed across New Zealand waters (Stockin et al., 2008). Multiple strandings
of common dolphins have been recorded within the Cook Strait region (Stockin et
al., 2009; Palmer et al., 2022; Peters et al., 2022; Palmer et al., 2023), while live
sightings have been recorded in the neighbouring Marlborough Sounds (Goetz and
Hupman, 2017), and off Kaikoura (therefore within the operational area), including
alongside dusky dolphins (Lagenorhynchus obscurus) (Piwetz et al., 2025).

This local evidence is consistent with wider fisheries-observer records, in which
common dolphin was one of the most frequently recorded cetaceans with 1,523
sighting events comprising 38,635 animals across New Zealand waters (Richard
and Berkenbusch, 2024). Although these records do not constitute an abundance
estimate for the operational area, they provide substantial empirical evidence of
occurrence and should be considered alongside the modelled distribution shown in
Figure 19. Common dolphins are classified as Not Threatened under the NZTCS
(Lundquist et al., 2025).

Figure 19: Common dolphin annual distribution in operational area. WGS 84/Equal Earth
Asia-Pacific (EPSG 8859). Source: OSC (2026), modified from MPI (2026).

5.2.6.11. Dusky dolphin (Lagenorhynchus obscurus)

Dusky dolphins (Figure 20) are a coastal and mesopelagic species that has a wide
but discontinuous distribution within the southern hemisphere (Orbach et al.,
2018).
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Figure 20: Dusky dolphin. Source: OSC (2026).

The diet of dusky dolphins consists of small pelagic fish and squid (Caputo et al.,
2021). The IUCN lists classifies this species as Least Concern, however in most
parts of the world there is little information on this species’ population structure
and abundance (Alafaro-Shiguieto et al., 2019; Degrati et al., 2020).

Dusky dolphins are present in the nearby area of Kaikoura and are known to
migrate between Kaikoura and the Marlborough Sounds and neighbouring
Admiralty Bay, passing through the Cook Strait (Markowitz et al., 2004), Figure
21. Admiralty Bay is an important feeding ground for dusky dolphins during the
austral winter (Markowitz et al., 2010). Recently, there have been reports of a
decline in the individual resighting rates of dusky dolphins in Admiralty Bay
(Pearson et al., 2012; Piwetz et al., 2025). There is no clear underlying cause for
this but could be a combination of prey characteristics, human activity and inter-
species competition (Piwetz et al., 2025).

The known regional occurrence of dusky dolphins is further supported by
government fisheries-observer data. Richard and Berkenbusch (2024) recorded
424 dolphin sightings events comprising 19,769 animals across New Zealand
waters, with sightings distributed around the South Island. Although these records
are not a direct estimate of abundance within the operational area, they provide
substantial independent evidence of occurrence and support consideration of the
species alongside its modelled spatial distribution.

Dusky dolphins off Kaikoura appear to belong to an open population of individuals
with a substantial number of individuals both entering and leaving the area (Orbach
et al., 2018). The social structure of the dusky dolphins in the area could be driven
by the Kaikdoura Canyon which provides a unique ecological habitat as it is one of
the most productive canyons worldwide (Orbach et al., 2018). The NZTCS classifies
dusky dolphins as Not Threatened (Lundquist et al., 2025).
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Figure 21: Dusky dolphin annual distribution in operational area. WGS 84/Equal Earth Asia-
Pacific (EPSG 8859). Source: OSC (2026), modified from MPI (2026).

5.2.6.12. Goose-beaked whale (Ziphius cavirostris)

Goose-beaked whales (Figure 22) have the most extensive range of any beaked
whale species and are widely distributed in offshore waters of all oceans.

Figure 22: Goose-beaked whale. Source: OSC (2026)

Goose-beaked whales are primarily associated with deep offshore waters and
complex bathymetric features, particularly steep continental slopes, escarpments
and submarine canyons, which can provide important foraging habitat (Tepsich et
al., 2014). They primarily feed on cephalopods and fish. The IUCN classifies them
as Least Concern; however, the Mediterranean population is classified as
Vulnerable (Baird et al., 2020).
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Acoustic detections within the deeper waters of Cook Strait region and off the coast
of Kaikoura indicates the presence of ziphiids in the wider area and support the
potential occurrence of Cuvier’'s beaked whales within the survey area (Goetz and
Hupman, 2017). In 2025 the NZTCS status for goose-beaked whales changed from
Data Deficient to At Risk - Uncommon, there are no estimates of abundance or
trends for this species in New Zealand waters as the majority of information comes
from stranded individuals; however there is no known significant threat for this
population so it is assumed to be stable (Lundquist et al., 2025).

5.2.6.13. Gray’s beaked whale (M. grayi)

Gray’s beaked whales (Figure 23) have a circumpolar range in the southern
hemisphere.

Figure 23: Gray’'s-beaked whale. Source: OSC (2026).

Gray’s beaked whale are rarely sighted alive, and much of the available information
on their distribution comes from stranding records, particularly in New Zealand
(Thompson et al., 2013). They are thought to inhabit deep waters and prey on fish
and cephalopods (Pitman and Taylor, 2020). Genetic evidence suggests historically
large population sizes, no known exploitation, few apparent behavioural barriers,
and abundant habitat (Thompson et al., 2016). The IUCN classifies the species as
of Least Concern (Pitman and Taylor, 2020).

Stranding records provide evidence of Gray’s beaked whale occurrence in the Cook
Strait region (Thompson et al., 2013), indicating that the species may occur within
or near the survey area. The NZTCS classifies it as Not Threatened (Lundquist et
al., 2025).
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5.2.6.14. Hector’s dolphin (Cephalorhynchus hectori)

South Island Hector’s dolphins (Figure 24) (Cephalorhynchus hectori hectori) are
discontinuously distributed around the coast of the South Island, including the
west, north, east and south coasts (Hamner et al., 2012b; Ogilvy et al., 2023).

Figure 24: Hector’s dolphin. Source: OSC (2026).

Hector’s dolphins occur along the north coast of the South Island, including Golden
Bay, Queen Charlotte Sound and Cloudy Bay (Ogilvy et al., 2023). Queen Charlotte
Sound supports year-round occurrence of the species, while Cloudy Bay also
provides habitat immediately adjacent to Cook Strait (Ogilvy et al., 2023). Although
Hector's dolphin populations around the South Island show regional genetic
differentiation, genetic evidence also demonstrates occasional long-distance
dispersal, and individuals from different regional populations may occur outside
their typical ranges (Hamner et al., 2013).

Hector's dolphins exhibit seasonal distribution patterns, with smaller, more
dispersed groups occurring farther offshore during winter than in summer. In
Queen Charlotte Sound and Cloudy Bay, densities are grater during summer, while
in winter dolphins show a greater preference for offshore waters (Ogilvy et al.,
2023).Their diet differs between the east and west coast of the South Island but
included benthic fish, demersal fish, mid-water fish and fish species found at the
surface of the water (Slooten and Dawson, 2021). The NZTCS classifies Hector’s
dolphins as Threatened - Nationally Vulnerable (Lundquist et al., 2025).

Given the occurrence along the north coast of the South Island, including Queen

Charlotte Sound and Cloudy Bay, Hector’s dolphins may occur within or near the
Cook Strait survey area and should therefore be considered during operations.
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5.2.6.15. Killer whale (Orcinus orca)

Killer whales (Figure 25) are widely distributed and abundant globally, in coastal
and offshore areas, with only some regional populations showing decline.

Figure 25: Killer whale. Source: OSC (2026).

Killer whales are generalist feeders, preying on marine mammals, fish,
cephalopods, and birds. They use a variety of foraging tactics, with some
populations specialising in specific prey and forming socially isolated ecotypes.
There is evidence that the species is not well defined taxonomically, so the IUCN
classifies it as Data Deficient (Reeves et al., 2017).

The New Zealand coastal population of killer whales has been shown to be distinct
genetically from Australian populations (Reeves et al., 2022). Killer whales are
present in the Cook Strait area (Figure 26) year-round with sightings peaking
between November and February (Visser, 2007). Killer whales have been
documented taking fish from longlines worldwide, including New Zealand fisheries
(Visser, 2000; Tixier et al., 2018). They have also been observed interacting and
preying on other cetaceans but not necessarily exploiting them as a primary food
source (Visser, 1999; Srinivasan, 2023).

Under the current NZTCS assessment, the resident New Zealand population is
treated as a taxonomically unresolved entity, Orcinus aff. orca, and is classified as
Threatened - Nationally Critical. Type C killer whales are classified as Non-Resident
Native — Migrant while Types B and D are classified as Non-Resident Native -
Vagrant (Lundquist et al., 2025).
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Figure 26: Killer whale annual distribution in operational area. WGS 84/Equal Earth Asia-
Pacific (EPSG 8859). Source: OSC (2026), modified from MPI (2026).

5.2.6.16. Long-finned pilot whale (Globicephala melas)

Long-finned pilot whales (Figure 27) are widely distributed in temperate and
subpolar waters, except for the north Pacific.

Figure 27: Long-finned pilot whale. Source: OSC (2026).

There are no population estimates for this species as it is hard to distinguish from
short-finned pilot whales, G. macrorhynchus (NOAA Fisheries, 2024). They
generally prefer waters along continental shelf edges and primarily prey on small
and medium sized fish; however, long-finned pilot whales in New Zealand feed
primarily on cephalopods, typically arrow squid (Meyer, 2020). Isotope values
extracted from skin samples are typical of species with oceanic feeding behaviour,
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indicating that long-finned pilot whales in New Zealand are primarily oceanic;
however, their foraging strategy is unclear due to a lack of tagging, video, or
distribution data (Hinton et al., 2022). The IUCN classifies them as Least Concern
due to no evidence of significant population decline (Minton et al., 2018).

Live sightings are rare, with most data on the species coming from strandings
(Betty et al., 2023). Pilot whales are encountered most frequently in January. The
seasonal and spatial patterns of both sightings and strandings may be a result of
long-distance or in-shore migrations during warmer months, and/or a reflection of
seasonal fluctuations in the distribution of prey (Hinton et al., 2022). It is likely
that offshore waters also represent important habitat for the species, but with the
low mark-rate and re-sights of individuals, there are no accurate abundance
estimates (Meyer, 2020). Between 2003 to 2019 pilot whale groups have been
sighted off the coast of Kaikdbura and have been spotted alongside oceanic
bottlenose dolphins (Meyer et al., 2025). The NZTCS classifies them as Not
Threatened (Lundquist et al., 2025).

Government fisheries-observer data also provide evidence of offshore occurrence,
with 122 sighting events comprising 1,492 animals recorded across New Zealand
waters (Richard and Berkenbusch, 2024).

5.2.6.17. Maui Dolphin (Cephalorhynchus hectori maui)

Maui dolphin are only found on the west coast of the North Island (Hamner et al.,
2012a; Parsons, 2024), and is visually impossible to distinguish from the Hector’s
dolphin; however, their location can be determined by examining stomach contents
which reveals a distinct divide separated into regions of GCS (Miller, 2015; Lucke
et al., 2019).

With falling population sizes due to becoming bycatch in set gill nets or trawling
fishing gear as well as predation from killer whales and sharks, including gill sharks
(Hexanchidae spp.) and white sharks (Carcharodon carcharias), they have been
classified as a Critically Endangered species (Miller, 2015; Lucke et al., 2019;
Constantine, 2023). Stomach-content examinations indicate that their diet includes
a range of epipelagic fish species including sprat (Sprattus muelleri), pilchards
(Sardina pilchardus), and anchovy (Engraulis australis) (Miller, 2015; Lucke et al.,
2019).

Maui dolphins are highly unlikely to occur within the GCS due to their very small
population size and highly restricted distribution, which is concentrated along the
northwest coast of the North Island, considerably farther north of the survey area
(Oremus et al., 2012; Parsons, 2024; Alvarez-Costes et al., 2025).

Maui dolphins are classified as Threatened - Nationally Critical under the NZTCS
(Lundquist et al., 2025).
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5.2.6.18. Pygmy sperm whale (Kogia breviceps)

Figure 28 shows a pygmy sperm whale. There is very limited information on the
distribution, abundance, behaviour, or population structure of pygmy sperm whales
globally (Plén et al., 2023).

Figure 28: Pygmy sperm whale. Source: OSC (2026).

This is largely due to short surfacing interval, cryptic surface behaviour, and long,
deep dives which make these whales extremely challenging to observe at sea;
however, high detection rates during acoustic surveys indicate that this species is
not as uncommon as visual surveys would suggest (Kiszka and Braulik, 2020;
Steidl, 2024). Their diet consists primarily of cephalopods (Dinets, 2021). They do
not seem to experience significant impacts from exposure to anthropogenic noise,
and they also do not appear to be bycaught frequently in fishing gear (Kiszka and
Braulik, 2020).

Evidence of their presence within the Cook Strait comes from stranding records
between 2010 and 2021 (Peters et al., 2022). They are generally thought to be
found in deep waters, so they might be encountered in the operational area. In the
latest NZTCS assessment, the pygmy sperm whale was reclassified from Data
Deficient to At Risk - Uncommon (Lundquist et al., 2025). There are no population
estimates of this species in New Zealand waters, but it was considered unlikely that
more than 20,000 individuals are present in New Zealand waters, resulting in this
classification (Lundquist et al., 2025).

5.2.6.19. Shepherd’s beaked whale (Tasmacetus shepherdi)

Shepherd’s beaked whales (Figure 29) have a circumpolar distribution in the
Southern Hemisphere (Towers and Tixier, 2022).
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Figure 29: Shepherd’s beaked whale. Source: OSC (2026).

Most information on the species comes from stranding records (Pitman et al., 2006;
Braulik, 2018b). It is thought to inhabit deep waters and prey on cephalopods and
fish, depending on the time of day and access to seamount or continental slope
areas (Best et al., 2014).

Shepherd’s beaked whales have been recorded in New Zealand waters primarily
through stranding records, although confirmed live sightings remain rare. The
species is generally associated with deep, cold offshore waters, and its occasional
presence within the wider survey region cannot be excluded (Pitman et al., 2006).
The NZTCS classifies this species as Data Deficient (Lundquist et al., 2025).

5.2.6.20. Southern right whale dolphin (Lissodelphis peronii)

Southern right whale dolphins (Figure 30) have a circumpolar distribution in the
Southern Hemisphere, usually found in offshore waters, feeding on a diet of fish
and cephalopods (Arrial et al., 2024).

Figure 30: Southern right whale dolphin. Source: OSC (2026).
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In New Zealand, southern right whale dolphins have been recorded east of Kaikoura
(Visser et al., 2004) and more recent live sightings alongside long-finned pilot
whales have also been reported off the coast of Kaikoura (Meyer et al., 2025).
These sighting and stranding records suggest that the species could occur within
the operational area. Under the latest NZTCS assessment, southern right whale
dolphins were reclassified from Data Deficient to At Risk — Uncommon. Large pods
comprising hundreds of animals have historically been sighted offshore, but no
abundance or population trend estimates are available for New Zealand waters,
and anecdotal reports suggest decreased sightings off Kaikoura. (Lundquist et al.,
2025). The IUCN classifies the species as Least Concern, despite limited data, due
to its wide distribution and lack of identified major threats (Braulik, 2018a).

5.2.6.21. Sperm whale (Physeter macrocephalus)

The largest of the odontocetes is the sperm whale (Figure 31), which can be found
in oceans worldwide. They spend most of their time diving to forage and their diet
is primarily made of cephalopods (Fernandes, 2016).

Figure 31: Sperm whale. Source: OSC (2026).

The IUCN classified them as Vulnerable, due to historical population declines
attributed to commercial whaling and uncertain population abundance trends
(Taylor et al., 2019).

In the Kaikoura region, repeated use of the area by male sperm whales has been
documented, including through acoustic and long-term monitoring studies (Giorli
and Goetz, 2020). They are known to pass through both the Kaikoura and Cook
Strait regions year-round, with the Strait providing productive feeding habitat
(Warren, 2020; Stephenson et al., 2021). More recent work has also identified
Cook Strait as a feeding habitat for subadult male sperm whales moving between
regions of New Zealand (Steidl et al., 2026). Long-term photo identification data
from Kaikoura indicate a significant decline in the number of male sperm whales
using the area, particularly during summer, while no significant decline was
detected during winter (Somerford et al., 2022). Their status under the NZTCS
changed from Data Deficient to At Risk — Declining, based on the long-term decline
observed off Kaikoura and evidence of reduced recruitment to the population using
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the area (Lundquist et al., 2025). The sperm whale is likely to be present within
the Cook Strait when operations commence.

5.2.6.22. Strap-toothed whale (Mesoplodon layardii)

Strap-toothed whales (Figure 32) are an understudied, data deficient species who
spend most of their time in deep water feeding on squid (Australian Museum,
2024).

Figure 32: Strap-toothed whale. Source: OSC (2026).

They predominantly travel in small groups of up to 3 adults and are believed to
move inland from deeper water to calve, resulting in strandings on the coast of
Australia and New Zealand (Thompson et al., 2013; Pitman et al., 2019; Australian
Museum, 2024). Stranding records from the wider Cook Strait region indicate that
strap-toothed whales may occur in or transit through the area. The species remains
classified as Data Deficient under the NZTCS (Lundquist et al., 2025).
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5.2.6.23. Striped dolphin (Stenella coeruleoalba)

The striped dolphin (Figure 33) is a widely distributed species, found in tropical to
warm-temperate waters (Archer II, 2018).

Figure 33: Striped dolphin. Source: OSC (2026).

The global population is estimated to be over two million. They inhabit deep waters,
with studies mainly focused in the Mediterranean and Mexican coasts (Aguilar,
2000; Azzolin et al., 2020). They prey on a variety of species, including cod and
squid (Saavedra et al., 2022). The IUCN classifies the global population as Least
Concern; however, the Mediterranean subpopulation is classified as Vulnerable due
to population decline (Braulik, 2019).

Stranding records potentially place striped dolphins within the Cook Strait region
(Peters et al., 2022). The species remains classified as Data Deficient under the
NZTCS (Lundquist et al., 2025).
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5.2.6.24. New Zealand fur seal (Arctocephalus forsteri)

New Zealand fur seals (NZFS) (Figure 34) are active during both day and night
and possess acute vision and good hearing under water (Nowak, 2003).

Figure 34: New Zealand fur seal. Source: OSC (2026).

They are sexually dimorphic, with males being much larger than females. They are
polygynous, with males competing over territory in colonies before females arrive.
Those territories include 5-8 females for every male. Pups are born from mid-
November to January, and the number of seals ashore declines rapidly a couple of
days after as they depart on foraging trips (Chilvers and Goldsworthy, 2015). They
are generalist feeders, with females choosing to forage in continental shelf waters,
while males prefer deeper continental shelf breaks or pelagic waters (Page et al.,
2005). Foraging trips have been recorded to last up to 20 days. Populations are
currently increasing in both Australia and New Zealand, and their breeding range
is expanding, so they are classified as Least Concern by the IUCN (King, 2024; Hall
et al., 2025a). While populations are increasing, there are concerns that effects
from global warming are causing population increases to slow or halt altogether
(Hall et al., 2025b).

NZFS have been recorded to have at least two breeding colonies, and six non-
breeding haul-out locations within the Cook Strait as of 2023 (Figure 35)
(Pavanato et al., 2023). This indicates that their presence is highly likely both within
and around the Cook Strait at the time of operations. They are also present in the
Kaikoura region with a significant colony at Ohau Point (Figure 36). This species
remains classified as Not Threatened under the NZTCS, with an increasing
population qualifier (Lundquist et al., 2025).
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Figure 35: New Zealand fur seal colonies in operational area. Source:
Pavanato et al. (2023).

Figure 36: New Zealand fur seal annual distribution in operational area. WGS 84/Equal
Earth Asia-Pacific (EPSG 8859). Source: OSC (2026), modified from MPI (2026).
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5.3. Coastal environment & marine conservation

The Cook Strait is situated between the North and South Islands of New Zealand.
Multibranched deep canyon systems dominate the eastern part of the Cook Strait.
The depth throughout the Cook Strait ranges from 50 m at the northern part of the
shelf to 2,700 m in the Hikurangi trough (Lamarche et al., 2012). Strong wind-
driven and tidal currents are found within the Cook Strait, with especially strong
accelerations at the narrowest point within the strait (Walters et al., 2010; Stevens,
2014). The continental shelf in wider Cook Strait has a varied seafloor morphology
with rock outcrops of marine siltstone and mudstone, as well as sediment grain
size ranging from coarse gravel to mud (Neil et al., 2016).

The Cape Palliser is one of largest NZFS colonies on the North Island and is close
to the busy Cook Strait fishing and shipping channel (Hall et al., 2025a). New
Zealand fur seals are susceptible to bycatch especially from hoki (Macruronus
novaezelandiae) trawl vessels especially within the Cook Strait area due to these
nearby colonies (Abraham and Berkenbusch, 2017).

The Kaikoura region is made up of rocky reefs with large canopy-forming seaweeds
such as kelp and algal beds. In 2016 an earthquake causes extensive coastal uplift
along 130 km of coastline (Clark et al., 2017). The earthquake resulted in a
devastating impact on the highly productive nearshore ecosystems affecting the
intertidal primary and secondary habitat-forming seaweeds and the invertebrates
that are dependent on these biogenic habitats (Thomsen et al., 2020). The
disturbance affected habitat-forming and culturally important species such as paua
(Haliotis iris) and bull kelp (Durvillaeca spp.) prompting an emergency ban on
shellfish and seaweed harvesting in the area (Alestra et al., 2021). Before the
earthquake the intertidal reefs supported diverse algal communities (Schiel, 2004).
The latest reports show that the intertidal community is still impacted by the
earthquake, as large portions are devoid of algal cover and now unsuitable for
colonisation of large algae (Alestra et al., 2021).

The likely reason there is a lack of algal recovery in this area is high temperatures
and erosion rates (Schiel et al., 2019). Low intertidal zones now host the most
abundant algal communities with large brown algae dominating; however, the
assemblages of large brown algae are no longer dominated by bull kelp but with
other species of fucoids (primarily Carpophyllum maschalocarpum) with no site
showing any sign of bull kelp recovery (Alestra et al., 2021). The physical habitats
themselves have changed with the boulder fields and intertidal reefs comprising of
soft sedimentary rock which continue to erode, contributing to the poor recovery
of the benthic communities within the area (Alestra et al., 2021).

Close to shore Kaikoura has an underwater canyon system which is 60 km long and
1,200 m deep and is home to several marine mammal species including sperm
whales, dusky dolphins and Hector’s dolphins (Markowitz et al., 2011; Lundquist et
al., 2012; Hamner et al., 2016). Kaikoura is one of two places in the world where
sperm whales are the primary focus of a year-round whale watching industry
(Markowitz et al., 2011). The Kaikdura canyon has been described as one of the
most productive deep-sea habitats (De Leo et al., 2010). Kaikoura is also an
important area for seals with Ohau Point having the most significant New Zealand
fur seal breeding colony along the eastern coast of the South Island. The overall
population of New Zeeland fur seals in Kaikoura has continued to grow and spread
out since the 2016 earthquake (Hall et al., 2024).
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5.3.1. Protected areas

In 1992, New Zealand became a Party to the Convention on Biological Diversity,
requiring the country to have a National Biodiversity Strategy and Action Plan
(NBSAP). The New Zealand Biodiversity Strategy (NZBS) includes objectives
specific to the conservation of the sea through implementation of a network of
Marine Protected Areas (MPAs), aiming to reverse the loss of biodiversity. New
Zealand has designated 3 types of MPAs (Rovellini and Shaffer, 2020).

Type 1 MPAs are no-take areas that include marine reserves established under the
Marine Reserves Act 1971, with the purpose of reserving marine life for scientific
study. Marine reserves provide the highest level of marine protection with
designated areas from sea surface to seafloor, including the foreshore being
completely protected. New Zealand'’s territorial sea includes 44 such reserves, two
of which are situated in coastal areas near the operational area (Figure 37).

There are six marine reserves that fall within the operational area. Hikurangi marine
reserve is approximately 104 km?, extending offshore for 23.4 km and 1,400 m
deep, encompassing part of the Kaikdura canyon and including 1.95 km of shoreline
near Goose Bay. This makes Hikurangi marine reserve the largest and deepest in
New Zealand (Gerrity et al., 2025). Taputeranga marine reserve is located on
Wellington'’s south coast and was established in 2008 covering 9 km?. Kapiti marine
Reserve is located 50 km north of Wellington, established in 1992 and covers 22
km?2. Within the Marlborough Sounds there is the Long Island - Kokomohua marine
reserve which was 1993 and covers a 6 km?2. Horoirangi marine reserve lies north
of Nelson city along the eastern side of Tasman Bay/Te Tai-o-Aorere, established
in 2005 covering 9 km?. Along the coast of the Abel Tasman National Park is the
Tonga Island marine reserve which was established in 1993 and covers an area of
18 km?Z.

Type 2 MPAs are established outside the Marine Reserves Act 1971 and include
Fisheries Act 1996 statutory tools to establish prohibitions. At a minimum they
must provide for prohibition of trawling, Danish seine netting and dredging. Type
2 MPAs provide enough protection from the adverse effects of fishing to meet the
MPA Protection Standard. Both Cable Protection Zones (CPZ) and Pipeline
Protection Zones (PPZ) are included within type 2 MPAs and prevent marine-based
activities that may threaten undersea cables or pipelines. All anchoring and fishing
operations of any type are illegal within the CPZ. Currently there are a total of 19
Type 2 MPAs around New Zealand, covering 2.6% of the territorial sea (DOC,
2019).

Within the Cook Strait, there is legislation protecting areas which are critical to
preserving electrical and communication systems connecting the two islands. The
Cook Strait CPZ forbids anchorage or fishing within a certain area across the strait.
This is to protect submerged pipelines from damage from trawling and the use of
set nets (Transpower, 2022). The CPZ is reinforced by Submarine Cables and
Pipelines Protection Order 2009 which was built upon the Submarine Cables and
Pipelines Protection Act 1996 issued to protect submerged pipelines (Figure 37)
(New Zealand Ministry of Transport, 1996; New Zealand Ministry of Transport,
2009).
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The third type of MPA includes all other areas that afford some level of protection,
but do not satisfy the minimum requirements of protection to qualify as MPAs. This
includes Benthic Protected Areas (BPAs), customary management areas, seamount
area closures and marine mammal sanctuaries. There are no BPAs within the
operational area, but the Mid Chatham Rise BPA is ca. 50 km from the southeast
corner of the operational area.

The Marine Mammals Protection Act 1978 allows for the establishment of marine
mammal sanctuaries to protect marine mammals and important areas used for
biologically significant behaviours, including feeding and breeding (Fisheries New
Zealand, 2025). Activities within these sanctuaries may be subject to specific
restrictions, and seismic survey is generally prohibited except where limited
exemptions apply. Where an exemption permits seismic surveying, operations
must comply with the applicable sanctuary requirements and the 2013 Code of
Conduct for Minimising Acoustic Disturbance to Marine Mammals from Seismic
Survey Operations. New Zealand has seven marine mammal sanctuaries
established under the Marine Mammals Protection Act 1978, in addition to two
sanctuaries established under special legislation in the Kaikoura region (DOC,
2026). Two marine mammal sanctuaries occur within the survey operational area,
with a further three located within the broader region. Relevant sanctuaries include
the Clifford and Cloudy Bay Marine Mammal Sanctuary, the West Coast North Island
Marine Mammal Sanctuary and the Banks Peninsula Marine Mammal Sanctuary.
Only The Clifford and Cloudy Bay Marine Mammal Sanctuary and The West Coast
North Island Marine Mammal Sanctuary fall within the operational area. The Clifford
and Cloudy Bay Marine Mammal Sanctuary was established in 2008 and
encompasses important habitat for Hector’s dolphins (DOC, 2026). The West Coast
North Island Marine Mammal Sanctuary was established in 2008 and extended in
2020 (DOC, 2026). The Banks Peninsula Marine Mammal Sanctuary based outside
the operational zone was first established in 1988 for the protection of Hectors’
dolphins and was subsequently extended in 2008 and 2020 (Figure 37) (DOC,
2026).

The Kaikoura (Te Tai o Marokura) marine management area includes three mataitai
reserves, two taiapure and two marine mammal sanctuaries: Te Rohe o Te Whanau
Puha and Ohau Point New Zealand Fur Seal Sanctuary. Enforcement of mataitai
and taiapure customary management areas rests with the Minister of Fisheries and
fisheries officers, whereas the marine reserves and marine mammal sanctuaries
are enforced by the Department of Conservation. Mataitai reserves provide for
customary fishing use and management practices. The local iwi/hapu develop and
manage the mataitai reserves, applying customary management and food
gathering practices.

Though biodiversity protection is not the primary function of these reserves, should
the tangata whenua so wish then the mataitai reserves can be implemented in such
a way that meets the criteria for a type 2 MPA. Taidpure are recognised as
traditional Maori fishing grounds but include areas of special spiritual or cultural
significance. Te Rohe o Te Whanau Puha Whale Sanctuary covers approximately
4,700 km? of the coastal and offshore environment around Kaikoura. The sanctuary
extends from the northern boundary of the Kaikdura marine management area at
Clarence Point to the south near Gore Bay and 56 km offshore. The inner zone of
Te Rohe o Te Whanau Puha has tighter restrictions on seismic survey activities than
the outer zone. Ohau New Zealand Fur Seal Sanctuary encompasses the 800 m
length of the shoreline and intertidal area around Ohau point which is north of
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Kaikoura. This area is a significant breeding colony for New Zealand fur seals
(Figure 38).

Figure 37: Current marine protected areas near operational area. WGS 84/EPSG:4326.
Source: OSC (2026).

5.4. Cultural environment

Maori legend tells of Kupe the navigator who discovered the strait, subsequently
named Raukawa Moana, by following a giant octopus across the Strait (Stevens et
al., 2021b). This strait was used by the jwi for trade, fishing and inhabitancy of the
North and South Islands (Anderson, 2025). It was then discovered by Dutch
explorer Abel Tasman in 1642 who believed that it was a bight rather than a strait;
James Cook in 1769 confirmed it was a strait by climbing Kaitapeha hill on South
Island (Moon, 2019).

Maori have a strong connection with marine mammals, deeming them spiritual
guides and beings (Elmahdy et al., 2025). Researchers have collaborated with the
iwi to determine marine mammal populations and diversity when conducting
studies due to their connection and dependence on them (Brough et al., 2025).

New Zealand’s marine and coastal area has the status of ‘common marine and
coastal area’ and is ‘incapable of ownership’ by the Crown, Maori, or anyone else
under the Marine and Coastal Area (Takutai Moana) Act 2011 (New Zealand
Parliamentary Counsel Office, 2011). The purpose of the act is to “establish a
durable scheme to ensure the protection of the legitimate interests of all New
Zealanders” in the marine and coastal area.

The customary rights of Maori are primarily recognised through the ability of Maori
groups to achieve recognition of two new rights under the Act; customary marine
title and Protected Customary Rights (New Zealand Parliamentary Counsel Office,
2011). Rather than providing for property rights of ownership or title to the takutai
moana, the new rights are primarily focused on enhancing the participation of Maori
in the management of the takutai moana and allowing them to carry out certain
customary rights (Downs, 2020). Areas under Protected Customary Rights allow
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access to marine environment for seafood and cultural/spiritual activities. Areas
can be granted Customary Marine Titles for greater control of management (Reid
etal., 2019). To date, 20 Customary Marine Titles have been granted with a further
201 active applications still to be processed by the High Court (Courts of New
Zealand, 2026; Land Information New Zealand, 2026). There are Protected
Customary Rights and Customary Marine Title applications which overlap with the
operational area (Figure 38).

The fishing rights of Maori are protected through special reserves with additional
rules regarding fishing (Figure 39). Mataitai reserves are areas closed to
commercial fishing, that may have bylaws affecting recreational and customary
fishing. A taidpure is an estuarine or littoral coastal area which is traditionally
important to hapd or iwi. A taiapure, once established, can protect these local areas
and allows hapu and iwi to manage their own fisheries (Day, 2004).

The Takutai Moana Act 2011 requires the Crown to engage with iwi, hapd, and
whanau in the management of marine and coastal areas (New Zealand
Parliamentary Counsel Office, 2011). Their views should be taken into account to
help identify local impacts not normally able to be considered without knowledge
of the local environment and traditions (Hale et al., 2024).

Figure 38: Customary Marine Title and Protected Customary Rights application areas under
the Takutai Moana Act 2011. CMT- Customary Marine Title, PCR - Protected Customary
Rights. Source: OSC (2026) modified from Korero Takutai (2026).Figure 39: Taiapure and
Mataitai reserves. Source: OSC (2026)

5.5. Socio-economic environment

The Cook Strait plays a less significant role in commercial fishing compared to other
areas in New Zealand due to its restrictions for submarine cable protection and
marine conservation. The main species are hoki caught via trawling and New

83

© Ocean Science Consulting Limited (OSC) 2026
COMMERCIAL IN CONFIDENCE
0SC_2026_GAR5_MMIA_v3.6.docx



)
GEOMAR

-
& SUBTRANS Marine Mammal Impact Assessment

Zealand king salmon (Oncorhynchus tshawytscha) which have been introduced as
small farms offshore from Cape Lambert (New Zealand Ministry of Primary
Industries, 2023; New Zealand Ministry of Primary Industries, 2025).

5.5.1. Recreational fishing

The Cook Strait is a popular area for recreational fishing, largely due to the number
of large population centres such as Wellington. The vast majority of catch is New
Zealand blue cod (Parapercis colias), terakihi (Nemadactylus macropterus), hapuku
groper (Polyprion oxygeneios), snapper (Chrysophrys auratus), and vyellowtail
kingfish (Seriola lalandi) using fishing rods. Most recreational fishing activity takes
place from trailer motorboats or larger boats, and off land (Heinemann and Gray,
2024).

5.5.2. Commercial shipping

CentrePort in Wellington is the only major port in the Cook Strait which generates
significant shipping traffic, with 459 ship visits in 2025 (MOT, 2026). The Cook
Strait is also an important ferry route that connects the North and South Island
from Wellington to Picton. Interislander and Bluebridge are the two ferry operators
in the area, these ferries perform around 6,300 one-way sailings a year (Ministry
of Transport, 2023). The cook strait is a natural choke point for both vessels and
marine mammals due to how narrow the passage there is the risk of vessel
collisions. The nearby Southern Taranaki Bight is a known feeding spot for blue
whales; furthermore, both blue whales and humpbacks and humpbacks have been
recording passing directly through the Cook Strait (Torres, 2013; Warren et al.,
2021b; Steel et al., 2025). Areas with increased vessel traffic can result in more
frequent vessel strike events with marine mammals, especially during whale
migration periods (Mayaud et al., 2022).

5.5.3. Recreational vessels

The Cook Strait is also a hotspot of recreational vessel activity. Frequent vessel
activity has been shown to displace marine mammal species like Hector's dolphins
(Cephalorhynchus hectori) from core habitat due to increased noise levels (Carome
et al., 2023). Recreational vessels have a cumulative effect on noise levels
produced by anthropogenic activity resulting in behavioural changes (Hermannsen
et al., 2019; Pine et al., 2021). Another major concern is the spread of Non-
Indigenous Species (NIS) and biofouling, which has led to tight regulations around
recreational vessel traffic in New Zealand (Dodgshun et al., 2007; Georgiades and
Kluza, 2017; Hilliam et al., 2024).

5.5.4. Oil & Gas (O&G) activities

The Continental Shelf Act was passed in 1964, after which the New Zealand
government began allocating offshore exploration licences (NZPM, 2021). The Maui
gas field, which was discovered in 1969 and operational in 1979, made New
Zealand self-sufficient in gas (NZPM, 2021). Currently, all offshore O&G activity in
New Zealand take place in the Taranaki Basin area, in the west of the North Island.

5.5.5. Deep-sea mining
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The South Taranaki Bight near the operational area was a potential target for deep
sea mining due to iron sand deposits, this project has faced repeated legal and
environmental pushback (Williamson, 2026). In 2026 the South Taranaki Bight
seabed mining proposal was declined under the New Zealand Fast Track process.
Outside the operational area in neighbouring Chatham Rise there was a Minerals
Mining Permit issued in 2013 for phosphate nodule extraction from the seafloor
(Kaikkonen et al., 2025). A marine consent application to carry out mining of these
phosphorite nodules was denied in 2015, part of the reason being the potential
adverse effects on biological communities (NZ EPA, 2015). Deep-sea mining has
been noted as a major threat to benthic ecosystems for multiple reasons. Three
major impacts associated with deep-sea mining are: sediment plumes clogging
respiratory and olfactory surfaces; changing light scattering properties in light
limited ecosystems; and noise production (Drazen et al., 2020; Boschen-Rose et
al., 2021). As the technology for large scale operations has not yet materialised, it
is impossible to predict the exact magnitude and interactions of negative impacts
produced by these activities in any ecosystem or organism (Christiansen et al.,
2020). At present there are no deep-sea mining operations in the proposed
operational area.
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6. POTENTIAL ENVIRONMENTAL EFFECTS & MITIGATION METHODS

Impacts potentially associated with both planned activities and unplanned events
of the SUBTRANS seismic survey have been identified, described, and evaluated
across marine mammal species and other ecological receptor groups. Section 6.1
emphasises potential impacts from operations including scoping, mitigation and
evaluating risk factors involved. Section 6.2 discusses the results of these
investigations and highlights the potential impact on environmental and biological
considerations. Section 6.3 summaries these findings.

The assessment methodology adheres to the principles outlined in the Guidelines
for Ecological Impact Assessment in the UK and Ireland (CIEEM, 2018) to ensure a
rigorous, transparent, and scientifically grounded evaluation. The approach
combines a structured framework for assessing ecological effects with best
practices for Environmental Impact Assessments (EIA), tailored to the
requirements of the 2013 Code of Conduct (see Section 1.2).

6.1. Environmental Impact Assessment methodology

The Environmental Impact Assessment (EIA) methodology applied within this
assessment was designed to provide a transparent and repeatable framework for
evaluating potential impacts on marine mammal receptors, considering the
effectiveness of mitigation measures, species occurrence, conservation status, and
receptor sensitivity. The methodology comprised the following stages:

1. Scoping;
2. Identification of mitigation;
3. Evaluating residual risk across receptors:

i. Evaluating ‘Likelihood’ and severity of residual risk;

ii. Evaluating the population exposure;

iii. Valuation of receptors; and,

iv. Determining final residual risk score across receptors, and;
4. Interpretation and mitigation recommendations.

6.1.1. Scoping

The scoping phase is foundational in defining the scope of ecological receptors,
impact pathways, and mitigation strategies for a seismic survey. This stage
involves a structured approach to ensure that all potential environmental and
ecological effects are systematically identified and appropriately addressed. The
process begins by delineating the operational area which is established based on
the spatial and temporal extent of potential impacts resulting from seismic
activities. The operational area serves as a boundary to identify key ecological
receptors, with a focus on marine mammals but also considering other receptors
such as invertebrate, sea birds, and sea reptiles, with significant spatial and
temporal overlap with the proposed survey. Although the broader assessment
considers additional ecological receptors, the quantitative risk assessment
framework described below was developed specifically for marine mammal
receptors.

6.1.2. Mitigation

Mitigation protocols and procedures that are already prescribed by the 2013 Code
of Conduct (see Section 1.2) and included in the survey protocols were identified
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and described. These mitigation measures were incorporated into the assessment
process, allowing residual risk to be evaluated following implementation of the
prescribed controls.

6.1.3. Evaluating residual risks across receptors

The following sections describe the framework used to assess residual risk to
marine mammal receptors at both the individual and population levels, taking
account of species occurrence, exposure, and conservation status.

6.1.3.1. Likelihood and severity score

For each risk identified, the likelihood and severity of the impact is assessed across
receptor groups. The likelihood score represented the chance of the impact
occurring for each receptor at the individual level if it was present in the operational
area during the survey period and is scored from 0 to 4, see Table 5 for definitions.
The severity score represented the level of impact to the receptor if it occurred and
is scored from 0 to 4, see Table 6 for definitions.

Score Likelihood

4 Highly likely: The event is almost certain to occur

3 Likely: The event is expected to occur in most circumstances
2 Possible: The event could occur, though not expected

1 Unlikely: The event is not anticipated but could happen

under rare circumstances

0 Impossible: The event will not occur under any scenario

Table 5: Likelihood score. Scores used to quantify risk to marine mammals from seismic
and vessel activities. Source: OSC (2026).
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Score Severity

4 Severe: widespread or irreversible impacts. Includes
significant long-term behavioural changes in marine mammals
(e.g. abandonment of critical habitats, disruption of migration
or breeding behaviours), physical injury (e.g. auditory
damage), or ecosystem-wide disturbances

3 Significant: Notable impacts that may include temporary
behavioural changes (e.g. displacement from foraging areas,
avoidance of activity zones), minor physical disturbances (e.g.
short-term stress or reduced health), or moderate habitat
alteration

2 Moderate: Limited impacts, such as mild, short-term
behavioural changes (e.g. temporary alertness or minor
deviation from normal activity), reversible physical
disturbance (e.g. momentary stress without lasting harm), or
minimal habitat alteration

1 Minimal: Minor, localised impacts with no lasting behavioural
changes or physical harm. May involve negligible disruption to
habitat or activities (e.g. momentary alertness with immediate

recovery)

0 None: No measurable impacts, either behavioural or physical.
Complete absence of ecological or individual-level
consequences

Table 6: Severity score. Scores used to quantify risk to marine mammals from seismic and
vessel activities. Source: OSC (2026).

6.1.3.2. Population-exposure score

The population-exposure score for each marine mammal receptor accounts for
variation in species occurrence and distribution, and therefore for differences in the
potential for individuals of each species to overlap spatially and temporally with
survey activities. Population exposure was assessed using multiple lines of
evidence, including available published and publicly accessible information on
marine mammal occurrence, spatial distribution models for New Zealand cetaceans
(Stephenson et al., 2020), and species-specific information on distribution and
habitat use.

Stephenson et al. (2020) used a combination of opportunistic sightings and data
from dedicated surveys to develop spatial models of cetacean distribution within
New Zealand's Exclusive Economic Zone (EEZ). The dataset incorporated historical
and contemporary observations from several sources, while environmental
predictors including sea-surface temperature, chlorophyll-a concentration, water
depth, and bathymetric complexity were used to characterise spatial patterns in
species occurrence. The modelling approaches included Boosted Regression Trees
(BRT) and Random Effects Smoothing (RES), with RES applied to species for which
relatively few sightings were available.
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The BRT and RES outputs provide useful information on the relative spatial
distribution of individual species and were therefore used to identify areas where
occurrence may be comparatively more likely for each species. However, model
outputs are normalised independently for each species and consequently cannot be
interpreted as estimates of relative abundance or as directly comparable
probabilities of occurrence among species. Accordingly, BRT and RES values were
not converted directly into population-exposure scores.

Instead, population-exposure scores were assigned using a weight-of-evidence
approach that considered the frequency and spatial distribution of available DOC
sightings and strandings records, the degree of spatial overlap indicated by the
Stephenson et al. (2020) models, and other available evidence of species
distribution and habitat use within the area of biological relevance. Sightings and
strandings records were interpreted cautiously because these data may reflect
spatial and temporal variation in observation effort and detectability and were
therefore not treated as direct measures of abundance. Similarly, the spatial
models were used to inform relative distribution within species rather than
comparisons of occurrence among species.

Population exposure was classified on an ordinal scale from 0 (no credible
exposure) to 10 (very high exposure), as defined in Table 7. Where evidence from
different sources was inconsistent or limited, the score was assigned
precautionarily, taking account of the quality and quantity of available information.
This approach allows species for which spatial modelling was unavailable, including
pinnipeds and some cetaceans, to be evaluated within the same framework without
assigning exposure values solely on the basis of model availability.
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Exposure Population Evidence supporting assignment
score exposure
10 Very high Regular and widespread occurrence within the area of

biological relevance, supported by extensive records and
strong spatial/distributional evidence of recurrent overlap
with survey activities.

9 Very high Regular occurrence and substantial spatial overlap,
supported by numerous records and/or strong
distributional evidence.

8 High Frequent occurrence and substantial potential overlap,
supported by multiple records and distributional evidence.

7 High Regular occurrence is supported, although records or
expected spatial overlap are less extensive.

6 Moderate Confirmed and recurrent occurrence, with moderate
potential for spatial and temporal overlap.

5 Moderate Confirmed occurrence, but available evidence indicates
intermittent and/or spatially restricted overlap.

4 Low Occurrence is documented or well supported, but records
are sparse and/or expected overlap is limited.

3 Low Occurrence is considered plausible and supported by
limited evidence but is expected to be infrequent.

2 Very low Rare occurrence is documented or otherwise supported,
with very limited expected overlap.

1 Very low Occurrence is possible but considered exceptional within
the area of biological relevance.

0 None No credible evidence of spatial or temporal overlap with
the assessed activity.

Table 7: Population exposure score. Ordinal scores used to characterise the potential for
marine mammal populations to overlap spatially and temporally with survey activities.
Scores are assigned using a weight-of-evidence assessment incorporating available evidence
of species occurrence, species-specific spatial distribution information (including Stephenson
et al. (2020), where available), and other relevant evidence of distribution and habitat use.
Spatial-model outputs and opportunistic records are used as complementary lines of
evidence and are not interpreted as directly comparable estimates of abundance or
occurrence among species. Source: OSC (2026).

6.1.3.3. Valuation of receptors

Valuation of marine mammal receptors accounts for species conservation status
when calculating residual risk across receptors. Conservation status was based
primarily on the most recent assessment under the New Zealand Threat
Classification System (NZTCS; (Lundquist et al., 2025)), which supersedes the
previous assessment by Baker et al. (2019). The NZTCS is considered the primary
basis for receptor valuation because the assessment relates specifically to marine
mammal populations occurring within Aotearoa New Zealand waters.

The NZTCS assessment incorporates information on population size, distribution
and expected population trend when assigning conservation status. Population
trend was therefore not scored separately in the present assessment, as doing so
could result in the same component of conservation risk being represented more
than once within the receptor valuation. Instead, each resident species was
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assigned a valuation score directly from its current NZTCS conservation status, as
shown in Table 8.

Species classified by the NZTCS as Non-Resident Native — Migrant or Non-resident
Native — Vagrant require separate consideration because these categories primarily
describe their residency status in New Zealand rather than their extinction risk. For
these taxa, the IUCN Red List status reported by (Lundquist et al., 2025) was used
to inform the valuation score. Where the NZTCS assessment lists more than one
IUCN classification, the classification applicable to the taxon or population most
relevant to New Zealand waters was used where this could be determined. Data
Deficient taxa were assigned an intermediate precautionary valuation because
insufficient demographic information is available to determine their extinction risk
reliably.

Valuation scores range from 0 to 10, with higher values representing receptors of
greater conservation concern. Valuation modifies the residual-risk calculation at
the population level and does not imply that an individual animal of a species with
higher conservation status is intrinsically more susceptible to a particular impact.

Valuation NZTCS conservation status — IUCN status — Non-resident
score resident native taxa Native taxa

10 Threatened - Nationally Critical Critically Endangered
9 Threatened - Nationally Endangered —

8 Threatened - Nationally Vulnerable Endangered

7 Threatened - Nationally Increasing —

6 At Risk - Declining Vulnerable

5 Data Deficient Data Deficient

4 At Risk = Uncommon Near Threatened

3 — —

2 Not Threatened Least Concern

1 I —

0 — -

Table 8: Valuation of marine mammal receptors . Valuation scores for resident native taxa
are based on conservation status under the New Zealand Threat Classification System
(NZTCS; (Lundquist et al., 2025)). For taxa classified by the NZTCS as Non-resident Native
- Migrant or Non-resident Native — Vagrant, IUCN Red List status reported by (Lundquist et
al., 2025) is used to inform receptor valuation because Migrant and Vagrant describe
residency rather than extinction risk. Higher scores represent greater conservation concern.
Source: OSC (2026), based on (Lundquist et al., 2025).
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For each species the highest scoring conservation status and its population trend
score were averaged to provide a single value for the risk matrix calculation. It is
important to note that an increased residual-risk score from a high valuation does
not mean that the actual risk to the species increases at the individual level but
that a greater risk is assumed at the population level due to conservation status.

6.1.3.4. Residual risk matrix

The final residual-risk score for each receptor and impact pathway was calculated
using the likelihood, severity, population-exposure and valuation scores described
in Sections 6.1.3.1-6.1.3.3.

First, likelihood and severity scores were averaged to provide the initial impact-risk
score:
Likelihood Score + Severity Score

2

Initial impact — risk Score =

The initial impact-risk score was then scaled according to the population-exposure
score:
Risk Score X Population Exposure Score

10

Exposure — adjusted Risk Score =

Population exposure is an ordinal score assigned using the weight-of-evidence
approach described in Section 6.1.3.2. A score of 10 therefore leaves the initial
impact-risk score unchanged, whereas progressively lower exposure scores reduce
the residual-risk score in proportion to the assessed potential for the receptor to
overlap spatially and temporally with survey activities.

Finally, the exposure-adjusted risk score was scaled according to receptor
valuation:
Scaled Risk Score X Valuation Score

5

Residual — Risk Score =

A valuation score of 5 is neutral and leaves the exposure-adjusted risk score
unchanged. If the species has a valuation score greater than 5, the residual-risk
score is increased to reflect greater conservation concern; if the valuation score is
below 5, the residual-risk score is reduced accordingly. Valuation therefore modifies
the population-level significance assigned to the assessed impact rather than the
likelihood or severity of an effect on an individual animal.

The resulting residual-risk scores were assigned to the risk categories presented in
Table 9.
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Residual Description
risk score
5.50-8.00 Severe: Extremely high residual risk that requires additional
targeted mitigation solutions
3.50-5.49 High: Risk is elevated and requires further mitigation action
or management is warranted
2.50-3.49 Moderate: Risk of residual effect is moderate. Additional

mitigation consideration may be necessary or current
mitigation management justified

1.50-2.49 Minor: Risk of residual effect is low and predicted to disappear
rapidly. No further mitigation consideration is required.
0.50-1.49 Negligible: Risk of residual effect is extremely low and does

not require further consideration
0.00-0.49 None: No effect

Table 9: Residual-risk matrix . Residual-risk categories assigned to the final scores
calculated from likelihood, severity, population exposure and receptor valuation. Source:
0SC (2026).

The framework provides a transparent and repeatable mechanism for comparing
residual risks across marine mammal species while accounting for differences in
species occurrence, conservation status, and sensitivity to survey-related activities.
The resulting residual risk scores are intended to inform professional judgement
and support the identification of proportionate mitigation measures rather than
represent absolute measures of ecological consequence.

6.2. Results

Results of the impact assessment are presented in this section, evaluating the
scope of potential risks identified and how they can be applied to marine mammals
and other receptors.

6.2.1. Scoping

The principal potential impacts associated with the proposed offshore seismic
survey arise from the generation of high-intensity impulsive underwater sound and
the presence of survey vessels within the operational area. Among these,
underwater noise represents the primary mechanism through which marine
mammals may be affected and therefore forms the principal focus of the acoustic
impact assessment presented in this section.

The nature and magnitude of these effects depend upon several interacting factors,
including source characteristics, received sound levels, exposure duration, hearing
sensitivity of the affected species, behavioural context and the environmental
conditions governing sound propagation. Consequently, assessment of potential
impacts cannot rely solely upon source output specifications but requires evaluation
of the spatial distribution of received sound levels throughout the operational area.

To address this requirement, a site-specific underwater sound propagation
assessment was undertaken using numerical transmission-loss modelling
configured with representative environmental conditions for Cook Strait. The
modelling incorporated regional bathymetry, water-column properties, seabed
characteristics and representative source locations spanning the expected range of
operational water depths. The resulting propagation predictions provide the
quantitative basis for evaluating the potential for physical injury, auditory
impairment, behavioural disturbance and acoustic masking considered in the
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following sections. Full details of the modelling methodology and results are
provided in APPENDIX B — SOUND TRANSMISSION-LOSS MODELLING.

6.2.1.1. Area of biological relevance

The area of biological relevance considered in this assessment encompasses the
proposed SUBTRANS seismic survey region within central Cook Strait and the
southern Hikurangi Margin, together with the surrounding marine environment
potentially influenced by survey-related activities. It includes environments ranging
from the shallow continental shelf surrounding Cook Strait to deep offshore basins
exceeding 2,000 m water depth and therefore encompasses the range of
environmental conditions relevant to the assessment of potential effects on marine
mammal receptors.

For the purposes of this MMIA, the area of biological relevance is distinguished from
the operational area as defined by the 2013 Code. The operational area comprises
the geographical area within which acoustic source activation may occur, including
seismic data acquisition, acoustic source testing and soft-start initiation, subject to
applicable restrictions on source activation. The area of biological relevance used
in this assessment is broader and is intended to encompass the spatial extent over
which marine mammal receptors and potential survey-related effects are
considered, including effects associated with underwater sound propagation and
vessel operations.

Given the pronounced bathymetric variability that characterises Cook Strait and
the southern Hikurangi Margin, the spatial extent of underwater sound propagation
cannot be represented by a simple radial distance from the acoustic source. Site-
specific numerical transmission-loss modelling was therefore used to investigate
propagation under representative shallow- and deep-water conditions, accounting
for regional bathymetry, water-column properties and seabed characteristics
(APPENDIX B — SOUND TRANSMISSION-LOSS MODELLING). The modelling
informs the assessment of potential acoustic exposure within the area of biological
relevance.

6.2.1.2. Marine mammal receptors

Of the marine mammal taxa recognised as occurring in New Zealand waters by
(Lundquist et al., 2025), 26 were identified from the available evidence as
potentially occurring within the area of biological relevance and were therefore
scoped into the assessment (Table 10). The assessment drew on the spatial
distribution models of Stephenson et al. (2020), together with species-specific
published literature and other publicly available information on distribution and
occurrence in New Zealand waters. Where spatial modelling was unavailable or
insufficient to establish potential presence, published records and species-specific
distribution information were used to determine whether occurrence within the area
of biological relevance was plausible.

Species were scoped out only where the available evidence indicated that their
known distribution did not overlap, or was not reasonably expected to overlap, with
the area of biological relevance (Table 11). The scoping exercise was
precautionary: where credible published evidence supported potential occurrence,
the species was retained for assessment rather than excluded on the basis of
limited information.
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The assessment did not have access to the underlying DOC marine mammal
sightings and strandings database. Consequently, the frequency of records within
that database was not used as a quantitative criterion for inclusion or exclusion.
Where additional occurrence information identified during review indicates that a
species previously scoped out has documented records within the area of biological
relevance, its inclusion has been reconsidered on a precautionary basis.
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Taxonomic

Common Name

Binomial Name

Species of Concern Vessel

group risk
Baleen whales Dwarf minke whale Balaenoptera acutorostrata subsp. Yes Yes
Sei whale Balaenoptera borealis Yes Yes
Antarctic Blue whale Balaenoptera musculus intermedia Yes Yes
Pygmy blue whale B. musculus brevicauda Yes Yes
Fin whale Balaenoptera physalus Yes Yes
Antarctic minke whale Balaenoptera bonaerensis Yes Yes
Pygmy right whale Caperea marginata Yes Yes
Southern right whale Eubalaena australis Yes Yes
Humpback whale Megaptera novaeangliae No Yes
Toothed Arnoux’s beaked whale Berardius arnuxii Yes Yes
whales Hector’s dolphin Cephalorhynchus hectori Yes Increased
Maui’s dolphin Cephalorhynchus hectori maui Yes Increased
Common dolphin Delphinus delphis No Increased
Long-finned pilot whale Globicephala melas No Yes
Pygmy sperm whale Kogia breviceps Yes Yes
Dusky dolphin Lagenorhynchus obscurus No Yes
Southern right-whale dolphin  Lissodelphis peronii Yes Yes
Gray’s beaked whale Mesoplodon grayi No Yes
Strap-toothed whale Mesoplodon layardii Yes Yes
Killer whale Orcinus orca Yes Increased
Sperm whale Physeter macrocephalus Yes Yes
Striped dolphin. Stenella coeruleoalba Yes Yes
Shepherd’s beaked whale Tasmacetus shepherdi Yes Yes
Bottlenose dolphin Tursiops truncatus Yes Increased
Goose-beaked whale Ziphius cavirostris Yes Yes
Pinnipeds New Zealand fur seal Arctocephalus forsteri No Yes
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Table 10: Marine mammal species considered potentially present within the area of biological relevance and scoped into the impact assessment for the
Subduction to Strike Slip Transition (SUBTRANS) seismic survey Source: OSC (2026).
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Taxonomic Common name Binomial name
group
Baleen whales Bryde’s whale Balaenoptera edeni
Toothed whales Short-finned pilot whale Globicephala macrorhynchus
Risso’s dolphin Grampus griseus
Southern bottlenose whale Hyperoodon planifrons
Dwarf sperm whale Kogia sima
Hector’s beaked whale Mesoplodon hectori
Spade-toothed whale Mesoplodon traversii
False killer whale Pseudorca crassidens
Pinnipeds Southern elephant seal Mirounga leonina
New Zealand sea lion Phocarctos hookeri

Table 11: Marine mammal species scoped out of the impact assessment based on the
publicly available evidence of their distribution relative to the area of biological relevance.
Source: OSC (2026).

6.2.1.3. Other receptors

Other receptors considered in the impact assessment were sea birds,
elasmobranchs, marine reptiles, fish, invertebrates, and zooplankton, all of which
may be affected by underwater noise generated by seismic surveys. Seismic airgun
pulses have the potential to cause physiological injury, auditory impairment,
behavioural changes, and ecosystem-level disruptions. The risk was considered
broadly across these taxonomic groups (not to species level). At the scoping stage,
risk across these receptors due to increased vessel presence was considered
negligible and therefore scoped out.

6.2.1.4. Mitigation

The 2013 Code of Conduct incorporates built in mitigation measures designed to
reduce both the physical and behavioural risks posed by seismic surveys. For the
SUBTRANS seismic survey, these measures are implemented through rigorous
protocols (see APPENDIX A - MITIGATION PROTOCOL) that are integrated
throughout the planning, execution and post-survey phases.

For Level 1 seismic activities, a minimum of two qualified MMOs and two qualified
PAMOs must always be on board. Pre-start observations will be undertaken, and no
acoustic source activation is permitted during daylight unless at least one qualified
MMO has conducted continuous visual monitoring (using both binoculars and the
naked eye) for a minimum of 30 minutes and the PAM system has been operational
for at least 30 minutes without detecting vocalisations. These requirements reduce
the likelihood of operations commencing when marine mammals are detected
within the relevant mitigation zones, thereby reducing the potential for close-range
exposure to high-intensity sound.

An important aspect of the mitigation strategy is the ‘soft start’” or ‘ramp-up’
procedure, whereby the acoustic source’s intensity is gradually increased over 20-
40 minutes. This gradual increase allows marine mammals to detect the initial low-
level sound and move away from the source before full operational levels are
reached, helping to reduce the likelihood of both physical effects (such as auditory
threshold shifts) and behavioural disturbances, including abrupt startle responses
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from deep diving species. An exception is made when a brief pause (of less than
10 minutes) in full-power firing occurs and no marine mammals are detected in the
exclusion zone; in such cases, the source may be reactivated at full power, as the
short duration minimises risk.

Furthermore, strict shutdown protocols are in place. If marine mammals are
detected within predefined, species-specific mitigation zones the acoustic source
must be immediately shut down. This rapid response minimises the duration of
exposure to potentially harmful noise levels, thus reducing both the risk of physical
injury (such as tissue trauma) and behavioural impacts (such as prolonged
disruption of natural activities).

When arriving at a new location within the operational area for the first time,
additional requirements apply to the initial acoustic source activation during night-
time or poor sighting conditions. Initial activation may proceed where MMOs have
undertaken observations within 20 nautical miles of the planned start-up position
for at least the preceding two hours of good sighting conditions and no marine
mammals have been detected. Where fewer than two hours of good sighting
conditions have occurred, activation may only proceed where PAM monitoring and
visual monitoring by two MMOs have both been conducted during the two hours
immediately preceding the proposed operation. During this period, no Species of
Concern may have been detected within the relevant mitigation zones; no New
Zealand fur seals may have been sighted within the relevant mitigation zone during
the 10 minutes immediately preceding activation; and no other marine mammals
may have been sighted or acoustically detected within the relevant mitigation zones
during the 30 minutes immediately preceding activation (DOC, 2013). Full
requirements for pre-start observations and initial source activation are provided
in APPENDIX A - MITIGATION PROTOCOL.

The Code also differentiates mitigation procedures based on the classification of
marine mammals. Specific measures are tailored for:

e Species of concern with calves;
e Species of concern;

e Other marine mammals; and,
e New Zealand fur seals.

This categorisation ensures that the most vulnerable groups receive enhanced
protection. For instance, stricter criteria for activation delays and larger exclusion
zones are applied to species of concern and their calves to prevent any disruption
that might affect reproduction or survival (see APPENDIX C - SPECIES OF
CONCERN for full details).

Finally, the integration of both visual monitoring by trained MMOs and acoustic
detection via PAM is critical. PAM enhances detection capabilities under poor
visibility conditions and is effective in identifying deep-diving cetaceans that might
not surface frequently. This dual-monitoring approach reduces uncertainty,
ensuring that mitigation actions are taken promptly to minimise both physical harm
and behavioural disruption.

In summary, the mitigation measures reduce the risk of physical injury and adverse

behavioural responses in marine mammals during seismic survey operations. All
these mitigation activities were considered when assessing the risk to marine
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mammals, with the evaluation accounting for the residual risk - that is, the
remaining risk after the mitigation measures have been implemented.

6.2.2. Impact assessment — marine mammals

In this section results of the impact assessment across marine mammal species are
presented.

6.2.2.1. Increased vessel activity

Increased vessel activity in marine environments poses significant risk to marine
mammals, primarily due to its effect on behaviour and habitat displacement,
through the physical presence of the vessel or by associated increase in noise levels
(Lusseau and Bejder, 2007; Anderwald et al., 2013; Erbe et al., 2019).

Furthermore, vessel movements increase risk of mortality due to vessel collisions,
particularly in areas where vessel traffic intersects with the habitats of highly
mobile or slow-moving marine species, such as baleen whales (Laist et al., 2001;
Schoeman et al., 2020). The cumulative effects of these disturbances result in
increased vessel presence being an important threat for consideration within the
MMIA.

6.2.2.2. Collision risk

The impacts of collision risk range from stress to physical injury and mortality, with
chronic exposure potentially leading to broader population-level consequences
(Schoeman et al., 2020). Large whale species that spend a large proportion of time
in waters close to the surface are considered the most vulnerable marine mammals
to vessel collision, especially in habitat that overlaps with busy shipping lanes
(Frantzis et al., 2019; Winkler et al., 2020). Limiting vessel speed has been
identified as an effective approach to reducing risk (Vanderlaan and Taggart, 2007;
Conn and Silber, 2013).

Globally, vessel strikes are a cause of mortality for baleen whale species, including
the critically endangered North Atlantic right whale (Mullen et al., 2013). Injuries
sustained during collisions can range from deep lacerations to blunt force trauma,
frequently resulting in mortality. High incidence of non-lethal injuries within a
population can have lasting population effects, including reduced reproductive
success and increased vulnerability to predation and disease (Schoeman et al.,
2020).

In New Zealand, large baleen whales, including southern right whales (Eubalaena
australis), are vulnerable to vessel collision, during their migratory and calving
periods in areas like the Auckland Islands and the Cook Strait, where shipping lanes
are heavily used (Torres et al., 2013). Blue whales are vulnerable to ship strikes in
areas where their distribution overlaps with shipping activity, particularly in South
Taranaki (Barlow, 2022).

Vessel strikes have been documented in New Zealand waters across a range of
cetacean species, including both large whales and smaller odontocetes (Martinez
and Stockin, 2013). The IWC Ship Strike Database includes 38 vessel-strike records
associated with New Zealand, of which 26 were classified as definite, nine as
probable and three as possible (Winkler et al., 2020). Vessel-strike mortality can
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be locally significant, while recorded incidents are likely to underestimate true
occurrence because collisions may go unnoticed or unreported and carcasses may
not be recovered (Martinez and Stockin, 2013; Constantine et al., 2015; Winkler
et al., 2020).

Constantine et al. (2015) described stakeholder engagement in the Hauraki Gulf to
identify possible mitigation measures, with speed restrictions considered as the
most feasible option. A voluntary speed reduction to 10 knots (18.5 kmh) was
implemented by the shipping industry in response.

Toothed whales also face distinct risks from vessel collision. Many species, including
dolphins, exhibit attraction towards vessels, often interacting with vessels (e.g.
bow riding) which can lead to close interactions and increased collision risks
(Hawkins and Gartside, 2009) as seen with common dolphin in New Zealand waters
(Martinez and Stockin, 2013). When collisions with vessels occur, they often result
in severe injuries for toothed whales, including blunt trauma and propeller wounds
(Van Waerebeek et al., 2007). The risk is generally considered less than baleen
whales due to their potential for evasive movement, but habituation may increase
risk (Van Waerebeek et al., 2007). Large deep-diving species such as sperm whales
are also vulnerable, particularly in areas where shipping lanes intersect with key
habitats (Di-Meglio et al., 2018).

Pinnipeds are at risk of vessel collision in coastal regions where vessel traffic is
concentrated (Schoeman et al., 2020). These animals often use haul-out sites near
heavily trafficked areas, making them susceptible to vessel strikes. Juvenile
pinnipeds are especially vulnerable as they may lack experience needed to avoid
fast-moving vessels during foraging excursions (Olson et al., 2021). Similarly to
toothed whale species, when a vessel collision occurs, it typically results in severe
injuries or mortality for pinnipeds.

Following application of the revised population-exposure and receptor-valuation
framework, residual collision risk varies among species according to both their
expected occurrence within the area of biological relevance and their current
conservation status (Table 12). Residual risk was assessed as High for Hector’s
dolphin and killer whale, Moderate for humpback whale and sperm whale, Minor for
Antarctic blue whale, pygmy blue whale, southern right whale and bottlenose
dolphin, and Negligible or None for the remaining receptors. These results reflect
population-level prioritisation within the residual-risk framework and do not
indicate that collision is likely to occur; the underlying likelihood of collision remains
assessed as Unlikely or Possible, depending on the receptor.

Additional mitigation measures further reduce the likelihood of vessel collision.
Dedicated Marine Mammal Observers (MMOs) will monitor the relevant mitigation
zones during survey activities, while vessel operations will be conducted in
accordance with applicable survey procedures and marine-mammal mitigation
requirements. The combination of low operational survey speeds, dedicated
observers and established mitigation procedures reduces the residual collision risk
for marine mammal species considered within the assessment (Table 12).
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Antarctic Blue whale 10 3 2 4 1.80 Minor
Antarctic minke 4 2 2 4 0.48 None
whale

Arnoux’s beaked 5 3 1 4 0.75 Negligible
whale

Bottlenose dolphin 8 6 1 4 2.40 Minor
Common dolphin 2 8 1 4 0.80 Negligible
Dusky dolphin 2 7 1 4 0.70 Negligible
Dwarf minke whale 5 2 2 4 0.60 Negligible
Fin whale 6 4 2 4 1.44 Negligible
Goose-beaked whale 4 4 1 4 0.80 Negligible
Gray’s beaked whale 2 4 1 4 0.40 None
Hector’s dolphin 8 9 1 4 3.60 High
Humpback whale 8 6 2 4 2.88 Moderate
Killer whale 10 6 2 4 3.60 High
Long-finned pilot 2 5 1 4 0.50 Negligible

whale
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Maui dolphin 10 1 1 4 0.50 Negligible
New Zealand fur seal 2 8 1 4 0.80 Negligible
Pygmy blue whale 8 4 2 4 1.92 Minor
Pygmy right whale 5 3 2 4 0.90 Negligible
Pygmy sperm whale 4 3 1 4 0.60 Negligible
Sei whale 8 3 2 4 1.44 Negligible
Shepherd’'s beaked 5 3 1 4 0.75 Negligible
whale

Southern right whale 7 5 2 4 2.10 Minor
Southern right- 4 3 1 4 0.60 Negligible

whale dolphin

Sperm whale 6 7 2 4 2.52 Moderate
Strap-toothed whale 5 3 1 4 0.75 Negligible
Striped dolphin 5 3 1 4 0.75 Negligible

Table 12: Residual risk of vessel collision. Residual-risk category is based on the final residual-risk score calculated from the likelihood, severity,
population-exposure and valuation scores for each species. Source: OSC (2026).
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6.2.2.3. Behavioural disturbance

Marine mammals exhibit complex behavioural responses to vessel presence, often
altering their natural activities that can have significant ecological consequences
(Bejder et al., 2006; Williams et al., 2006; Christiansen et al., 2013). Disturbances
are caused by a range of vessel types, sizes, and activities with most research
focusing on the impact of ecotourism vessels (Parsons, 2012; Machernis et al.,
2018).

Documented responses for both baleen and toothed whales include short-term
behavioural change and avoidance of key habitats (Lusseau, 2004). For example,
bottlenose dolphins exhibit changes in surface behaviour, including increased
swimming speeds and altered dive patterns (Nowacek et al., 2001). In sperm
whales, the presence of tourism vessels has been linked to disruptions in deep-
diving foraging behaviour (Oliveira et al., 2022). For humpback whales, ecotourism
in Maui, Hawaii, USA, has been shown to significantly alter humpback whale swim
speed, respiration rate, path directness and dive times, with these linked to greater
energetic expenditure (Currie et al., 2021). Fin whales and blue whales have been
shown to be disturbed by vessel traffic, altering their swimming behaviour and
exhibiting evasive behaviour (Szesciorka et al., 2019; Santos-Carvallo et al.,
2021).

The impact of vessel activity on pinnipeds is primarily related to disturbances during
haul-out or breeding activities. Vessel traffic near these areas often results in
behavioural changes such as flushing into the water, which can increase energy
expenditure and reduce time available for rest and thermoregulation (Jansen et al.,
2010). Pinniped responses and ecological effects in open water are less well
understood.

For the proposed survey, the severity of behavioural disturbance associated with
vessel presence (Table 13) was assessed as Minimal (score 1) for all marine
mammal groups because any behavioural responses are expected to be localised,
temporary and reversible following vessel passage. Survey operations will be
conducted using a single seismic vessel operating at relatively low acquisition
speeds (approximately 3.5 knots; 6.5 km h™1) along predefined survey transects,
thereby limiting both the spatial extent and duration of vessel-related disturbance.
The likelihood of behavioural responses to vessel presence was considered Likely
(score 3) for all marine mammal groups, reflecting the expectation that some
individuals encountered within the area of biological relevance may temporarily
modify their behaviour in response to the approaching vessel (Table 13). Such
responses may include changes in swimming speed or direction, dive behaviour,
surfacing patterns or short-term avoidance. However, these effects are expected
to be temporary and reversible and are not anticipated to result in prolonged
disruption of biologically important behaviours at the individual level.

Following application of the revised population-exposure and receptor-valuation
framework, residual behavioural-disturbance risk varies among species according
to their expected occurrence within the area of biological relevance and their
conservation status. Species-specific residual-risk scores are presented in Table
13.
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Antarctic Blue whale 10 3 3 1 1.20 Negligible
Antarctic Minke 4 2 3 1 0.32 None
whale

Arnoux’s beaked 5 3 3 1 0.60 Negligible
whale

Bottlenose dolphin 8 6 3 1 1.92 Minor
Common dolphin 2 8 3 1 0.64 Negligible
Dusky dolphin 2 1 0.56 Negligible
Dwarf minke whale 5 2 3 1 0.40 None

Fin whale 6 4 3 1 0.96 Negligible
Goose-beaked whale 4 4 3 1 0.64 Negligible
Gray’s beaked whale 2 4 3 1 0.32 None
Hector’s dolphin 8 9 3 1 2.88 Moderate
Humpback whale 8 6 3 1 1.92 Minor
Killer whale 10 6 3 1 2.40 Minor
Long-finned pilot 2 5 3 1 0.40 None
whale

Maui dolphin 10 1 3 1 0.40 None
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Species Valuation Exposure Likelihood Severity Risk score Risk category
New Zealand fur seal 2 8 3 1 0.64 Negligible
Pygmy blue whale 8 4 3 1 1.28 Negligible
Pygmy right whale 5 3 3 1 0.32 Negligible
Pygmy sperm whale 4 3 3 1 0.48 None

Sei whale 8 3 3 1 0.96 Negligible
Shepherd’s beaked 5 3 3 1 0.60 Negligible
whale

Southern right whale 7 5 3 1 1.40 Negligible
Southern right-whale 4 3 3 1 0.48 None
dolphin

Sperm whale 6 7 3 1 1.68 Minor
Strap-toothed whale 5 3 3 1 0.60 Negligible
Striped dolphin 5 3 3 1 0.60 Negligible

Table 13: Residual risk of behavioural disturbance from vessel presence. Residual-risk category is based on the final residual-risk score calculated from
the likelihood, severity, population-exposure and valuation scores for each species. Source: OSC (2026).
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6.2.2.4. Displacement from habitat due to vessel presence

Habitat displacement due to increased vessel presence and associated vessel noise
is considered a significant impact for marine mammal species (Anderwald et al.,
2013). Baleen whales are vulnerable to displacement from vessel activity as they
often inhabit coastal and offshore waters that overlap busy shipping lanes (Pirotta
et al., 2019). Increase in shipping can impact on baleen whale foraging (Blair et
al., 2016) and may also effect migratory routes and associated energy budgets
(Braithwaite et al., 2015; Johnston and Painter, 2024).

Displacement of toothed whales often occurs in regions of intensive vessel traffic,
especially near ports or areas with concentrated fishing activity. For example,
bottlenose dolphins in coastal zones have been observed to avoid areas with heavy
boat traffic, leading to habitat fragmentation and reduced access to critical
resources (Pirotta et al., 2015). Vessel size has less of a direct influence compared
to vessel behaviour; smaller vessels that rapidly change direction or operate
erratically can cause immediate avoidance, even over shorter distances (Bejder et
al., 2006). For all cetacean species, displacement from critical habitats such as
calving or feeding areas, even in the short-term, can lead to energetic stress and
reduced reproductive success (Pirotta et al., 2014).

Pinnipeds also experience displacement risks that vary with habitat use (Anderwald
et al., 2013). Such disturbances are most commonly associated with smaller
vessels, such as those used for ecotourism or recreational purposes, which are
more likely to enter nearshore habitats close to haul-out sites (Tadeo et al., 2021).

For the proposed survey, the likelihood of displacement from habitat due to vessel
presence was assessed as Possible (score 2) and the severity as Minimal (score 1)
for all marine mammal receptors (Table 14). The survey will be undertaken by a
single vessel operating at relatively low acquisition speeds (approximately 3.5
knots; 6.5 km h™1) along predefined survey transects, thereby limiting the spatial
extent and duration of vessel-related disturbance at any given location. Any
displacement response associated specifically with vessel presence is therefore
expected to be localised and temporary, with animals able to resume use of affected
habitat following vessel passage. Following application of the revised population-
exposure and receptor-valuation framework, residual displacement risk varies
among species according to their expected occurrence within the area of biological
relevance and their conservation status. Species-specific residual-risk scores are
presented in Table 14.

Residual displacement risk was Minor for Hector’s dolphin and killer whale,
Negligible for eight receptors, and None for all remaining species. The higher
residual-risk scores for Hector’s dolphin and killer whale reflect their comparatively
high receptor valuation and/or assessed population exposure rather than an
expectation of prolonged habitat displacement.
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Species Valuation Exposure Likelihood Severity Risk score Risk Category
Antarctic Blue whale 10 3 2 1 0.90 Negligible
Antarctic Minke 4 2 2 1 0.24 None
whale

Arnoux’s beaked 5 3 2 1 0.45 None
whale

Bottlenose dolphin 8 6 2 1 1.44 Negligible
Common dolphin 2 8 2 1 0.48 None
Dusky dolphin 2 7 2 1 0.42 None
Dwarf minke whale 5 2 2 1 0.30 None

Fin whale 6 4 2 1 0.72 Negligible
Goose-beaked whale 4 4 2 1 0.48 None
Gray’s beaked whale 2 4 2 1 0.24 None
Hector’s dolphin 8 9 2 1 2.16 Minor
Humpback whale 8 6 2 1 1.44 Negligible
Killer whale 10 6 2 1 1.80 Minor
Long-finned pilot 2 5 2 1 0.30 None
whale
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Species Valuation Exposure Likelihood Severity Risk score Risk Category
Maui dolphin 10 1 2 1 0.30 None
New Zealand fur seal 2 8 2 1 0.48 None
Pygmy blue whale 8 4 2 1 0.96 Negligible
Pygmy right whale 5 3 2 1 0.45 None
Pygmy sperm whale 4 3 2 1 0.36 None

Sei whale 8 3 2 1 0.72 Negligible
Shepherd’s beaked 5 3 2 1 0.45 None
whale

Southern right whale 7 5 2 1 1.05 Negligible
Southern right-whale 4 3 2 1 0.36 None
dolphin

Sperm whale 6 7 2 1 1.26 Negligible
Strap-toothed whale 5 3 2 1 0.45 None
Striped dolphin 5 3 2 1 0.45 None

Table 14: Residual risk of displacement from habitat due to vessel presence. Residual-risk category is based on the final residual-risk score calculated
from the likelihood, severity, population-exposure and valuation scores for each species. Source: OSC (2026).
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6.2.2.5. Masking from underwater radiated noise from vessel

Research suggests that the auditory masking caused by shipping noise may impair
the detection of biologically relevant sounds, such as the calls of conspecifics or the
acoustic cues of predators (Southall et al., 2007; Erbe et al., 2016). Baleen whales
rely on low-frequency vocalisations for communication with some species vocalising
within ranges that overlap significantly with noise produced by vessels (Hildebrand,
2009). Masking, where biologically relevant sounds are obscured by anthropogenic
noise, is a critical concern for baleen whales. This phenomenon is especially
problematic in areas of high shipping density, such as major shipping lanes and
port vicinities.

Studies indicate that vessel noise can interfere with the long-distance
communication of species like the blue whale and fin whale, potentially disrupting
reproductive behaviours that depend on low-frequency calls (Clark et al., 2009).
Chronic exposure to such noise has been associated with behavioural changes,
including habitat displacement and altered calling rates (McKenna et al., 2012; Erbe
et al., 2016). In the Hauraki Gulf, Putland et al. (2018) reported vessel noise
significantly reduces the communication space of the Bryde's whale with losses of
up to 87.4% during routine passages and up to 99% during close approaches.

Toothed whales utilise higher-frequency echolocation clicks and whistles for
navigation, foraging, and social interaction. Although these frequencies are
typically higher than the dominant frequencies of vessel noise, the broadband
nature of ship noise can cause masking of the audible range of some odontocetes
(Jensen et al., 2009). The masking of echolocation clicks has been linked to reduced
foraging efficiency (Dyndo et al., 2015; Tennessen et al., 2024). Additionally,
changes in vocalisation patterns, such as increased whistle rates or shifts in
frequency, have been documented in bottlenose dolphins in response to elevated
background noise, which can lead to energetic costs (Holt et al., 2009).

The impact of underwater radiated noise on pinnipeds is compounded by their
relatively broad auditory sensitivity, which overlaps with the frequencies of many
human-generated sounds (Go6tz et al., 2009). In some cases, behavioural
responses to noise, such as increased vigilance or avoidance of high-traffic areas,
may reduce foraging success and energy reserves, particularly during energetically
demanding life stages like lactation or moulting.

For the proposed survey, the likelihood of short-term auditory masking from
underwater radiated noise generated by the survey vessel was assessed as Likely
(score 3) for marine mammals occurring sufficiently close to the vessel, while
severity was assessed as Minimal (score 1). Vessel-generated noise may
temporarily reduce the detectability of biologically relevant acoustic signals where
received noise levels overlap with species-specific hearing and communication
frequencies. However, the survey will be undertaken by a single vessel operating
at relatively low acquisition speeds (approximately 3.5 knots; 6.5 km h™1) along
predefined survey transects, such that exposure to vessel-generated noise at any
particular location will be temporary rather than representative of a persistent
stationary source. Accordingly, masking associated specifically with vessel URN is
expected to be temporary and reversible as the vessel passes through the area.
Following application of the revised population-exposure and receptor-valuation
framework, residual masking risk from vessel URN varies among species according
to their expected occurrence within the area of biological relevance and their
conservation status. Species-specific residual-risk scores are presented in Table
15.
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Antarctic Blue whale 10 3 3 1 1.20 Negligible
Antarctic Minke 4 2 3 1 0.32 None
whale

Arnoux’s beaked 5 3 3 1 0.60 Negligible
whale

Bottlenose dolphin 8 6 3 1 1.92 Minot
Common dolphin 2 8 3 1 0.64 Negligible
Dusky dolphin 2 7 3 1 0.56 Negligible
Dwarf minke whale 5 2 3 1 0.40 None

Fin whale 6 4 3 1 0.96 Negligible
Goose-beaked whale 4 4 3 1 0.64 Negligible
Gray’s beaked whale 2 4 3 1 0.32 None
Hector’s dolphin 8 9 3 1 2.88 Moderate
Humpback whale 8 6 3 1 1.92 Minor
Killer whale 10 6 3 1 2.40 Minor
Long-finned pilot 2 5 3 1 0.40 None

whale
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Maui dolphin 10 1 3 1 0.40 None
New Zealand fur seal 2 8 3 1 0.64 Negligible
Pygmy blue whale 8 4 3 1 1.28 Negligible
Pygmy right whale 5 3 3 1 0.60 Negligible
Pygmy sperm whale 4 3 3 1 0.48 None

Sei whale 8 3 3 1 0.96 Negligible
Shepherd’s beaked 5 3 3 1 0.60 Negligible
whale

Southern right whale 7 5 3 1 1.40 Negligible
Southern right-whale 4 3 3 1 0.48 None
dolphin

Sperm whale 6 7 3 1 1.68 Minor
Strap-toothed whale 5 3 3 1 0.60 Negligible
Striped dolphin 5 3 3 1 0.60 Negligible

Table 15: Residual risk of auditory masking from underwater radiated noise generated by the survey vessel. Residual-risk category is based on the final
residual-risk score calculated from the likelihood, severity, population-exposure and valuation scores for each species. Source: OSC (2026).
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6.2.2.6. Seismic noise

Seismic surveys in marine environments represent a potentially significant source
of disturbance to marine mammals through the generation of high-intensity
impulsive underwater sound. Depending on received sound levels, exposure
duration and the hearing sensitivity of the exposed species, seismic noise may
result in behavioural disturbance, auditory masking, temporary or permanent
auditory threshold shifts and, under extreme exposure conditions, physical injury
(Gordon et al., 2003; Southall et al., 2019). The magnitude and spatial extent of
these effects depend both on source characteristics and on environmental factors
controlling sound propagation, including bathymetry, water-column properties and
seabed composition.

Sound transmission-loss modelling was undertaken to characterise regional
propagation behaviour within the SUBTRANS study area and to support evaluation
of received sound levels at the mitigation-zone boundaries specified under the 2013
Code of Conduct. The modelling used site-specific bathymetry, representative
water-column and seabed properties, and a simplified low-frequency source
spectrum. Two representative source locations were evaluated, corresponding to
shallow coastal and deep offshore propagation environments. The resulting spatial
and radial analyses demonstrate pronounced bathymetric and directional control of
sound transmission within Cook Strait and the southern Hikurangi Margin (see
APPENDIX B - SOUND TRANSMISSION-LOSS MODELLING).

The regional propagation analyses were evaluated using a common 3,600-s
assessment period to facilitate consistent comparison among source locations,
propagation directions and frequency ranges. The resulting standardised SELcum
fields therefore characterise relative spatial and directional propagation behaviour
and are not interpreted as operational cumulative exposure from the planned
sequence of discrete seismic shots. For direct comparison with the received-level
criteria specified in Appendix 1 of the 2013 Code, receiver-specific levels at 200 m,
1 km and 1.5 km were evaluated separately using the corresponding 1-s reference
exposure (Count = 1) and referenced to a representative broadband source SEL of
230.5dB re 1 pyPa2:s @ 1 m for the specified 5,420 in3 G-Gun array.

Under this receiver-specific screening assessment, the highest received levels
occurred for the deep-water broadband scenario and were approximately 163.8 dB
re 1 yPa2:s at 200 m, 153.0 dB at 1 km and 148.1 dB at 1.5 km. These values are
respectively approximately 22.2 dB, 18.0 dB and 22.9 dB below the 2013 Code
criteria of 186 dB at 200 m and 171 dB at 1 km and 1.5 km. Accordingly, the
modelling does not indicate that expansion of the prescribed mitigation zones is
required on the basis of the representative source conditions assessed.

These receiver-specific results should nevertheless be interpreted as a screening
assessment rather than as a definitive prediction of operational exposure. The
source representation uses a simplified spectral formulation and does not
incorporate a fully characterised array-specific source signature, directivity or all
operational source-depth effects. The regional modelling also demonstrates that
propagation can remain strongly directional, particularly under deep-water
conditions. These limitations are considered in the assessment of physical injury,
auditory effects, masking and behavioural disturbance presented in the following
sections, while the mitigation procedures prescribed under the 2013 Code remain
applicable throughout seismic operations.
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6.2.2.7. Physical injury (non-auditory)

Physical injury other than auditory damage (see Section 6.2.2.8) to marine
mammals resulting from seismic survey noise has not been documented (Gordon
et al., 2003). Extreme pressure waves generated by blasting can cause trauma in
marine mammals, including damage to the inner ear (Ketten, 1995; Siebert et al.,
2022). Pressure waves generated by seismic airguns have longer rise times than
those produced by explosives and are therefore less likely to cause such injury.
One proposed mechanism for acoustically induced injury in diving marine mammals
involves the growth of gas bubbles in supersaturated tissues through rectified
diffusion, potentially contributing to decompression-related effects (Ridgway and
Howard, 1982). Modelling by Crum and Mao (1996) suggested that exposure to
500-Hz sound at an SPL of 210 dB re 1 yPa could produce bubble growth sufficient
to induce decompression-related symptoms, whereas such effects were considered
unlikely at SPLs below 190 dB re 1 pPa. Although seismic airgun noise has been
hypothesised as a potential source of similar physiological effects, this mechanism
has not been demonstrated empirically in marine mammals exposed to seismic
surveys.

For the proposed Level 1 seismic survey, the potential for exposure to high received
sound levels was evaluated using the receiver-specific screening assessment
presented in APPENDIX B - SOUND TRANSMISSION-LOSS MODELLING. The
highest representative received SEL predicted at the 200 m mitigation-zone
boundary was approximately 163.8 dB re 1 pPa2:s under the deep-water broadband
scenario, approximately 22.2 dB below the 186 dB re 1 pyPa2:s criterion specified
at 200 m in Appendix 1 of the 2013 Code of Conduct. The corresponding modelled
levels at 1 km and 1.5 km were also below their respective Code criterion. On this
basis, the receiver-specific screening assessment does not indicate that potentially
injurious received levels extend to, or beyond, the prescribed mitigation-zone
boundaries under the representative source conditions assessed.

This conclusion is supported by, but does not depend solely upon, the acoustic
modelling. Implementation of the mitigation measures prescribed under the 2013
Code, including pre-start observations, soft-start procedures, monitoring of the
applicable mitigation zones by MMOs and PAMOs, and delayed commencement or
shutdown where required, further reduces the probability of a marine mammal
being exposed at sufficiently close range to produce non-auditory physical injury.
The acoustic results remain a screening assessment based on a simplified
representative source formulation rather than a fully characterised array-specific
source signature and directivity model; consequently, the possibility of exposure at
very close range is not treated as impossible.

A likelihood score of 1 (Unlikely) was therefore retained for all assessed marine
mammal species. Severity was retained as 4 (Severe) because, should non-
auditory physical injury occur, the biological consequence to the affected individual
could be substantial. Incorporating the revised population-exposure and receptor-
valuation scores results in residual-risk categories ranging from None to High
(Table 16). The higher species-specific residual scores principally reflect high
population exposure and/or conservation valuation rather than a greater predicted
acoustic probability of physical injury.
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Antarctic Blue whale 10 3 1 4 1.50 Minor
Antarctic Minke

whale 4 2 1 4 0.40 None
Arnoux’s beaked 5 3 1 4 0.75 Negligible
whale

Bottlenose dolphin 8 6 1 4 2.40 Minor
Common dolphin 2 8 1 4 0.80 Negligible
Dusky dolphin 2 7 1 4 0.70 Negligible
Dwarf minke whale 5 2 1 4 0.50 Negligible
Fin whale 6 4 1 4 1.20 Negligible
Goose-beaked whale 4 4 1 4 0.80 Negligible
Gray’s beaked whale 2 4 1 4 0.40 None
Hector’s dolphin 8 9 1 4 3.60 High
Humpback whale 8 6 1 4 2.40 Minor
Killer whale 10 6 1 4 3.00 Moderate
Long-finned pilot 2 5 1 4 0.50 Negligible
whale

Maui dolphin 10 1 1 4 0.50 Negligible
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Species Valuation Exposure Likelihood Severity Risk score Risk category
New Zealand fur 2 8 1 4 0.80 Negligible
seal

Pygmy blue whale 8 4 1 4 1.60 Minor
Pygmy right whale 5 3 1 4 0.75 Negligible
Pygmy sperm whale 4 3 1 4 0.60 Negligible
Sei whale 8 3 1 4 1.20 Negligible
Shepherd’s beaked 5 3 1 4 0.75 Negligible
whale

Southern right whale 7 5 1 4 1.75 Minor
Southern right- 4 3 1 4 0.60 Negligible
whale dolphin

Sperm whale 6 7 1 4 2.10 Minor
Strap-toothed whale 5 3 1 4 0.75 Negligible
Striped dolphin 5 3 1 4 0.75 Negligible

Table 16: Residual risk of non-auditory physical injury from the seismic source. Residual risk category is based on the residual risk score, calculated from
the likelihood, severity, population-exposure and receptor-valuation scores for each species. Source: OSC (2026).
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6.2.2.8. Auditory damage

Exposure to intense or prolonged underwater noise can result in auditory threshold
shifts in marine mammals, conventionally described as Temporary Threshold Shift
(TTS) or Permanent Threshold Shift (PTS). TTS represents a temporary reduction
in hearing sensitivity following sufficiently intense acoustic exposure, with recovery
depending on the magnitude, duration and frequency content of the exposure
(Finneran, 2015). PTS represents a persistent loss of hearing sensitivity associated
with irreversible auditory injury and may consequently impair an animal’s ability to
detect biologically relevant sounds (Southall et al., 2019). The onset of TTS and
PTS is dependent not only on received acoustic energy but also on signal
characteristics and the frequency-dependent auditory sensitivity of the exposed
marine mammal hearing group. Consequently, a single unweighted received SEL
value should not be interpreted as a universal biological threshold for the onset of
TTS or PTS across all marine mammal species.

For the proposed Level 1 seismic survey, the site-specific sound transmission-loss
modelling provides a screening assessment of received sound levels at the
mitigation-zone distances specified in Appendix 1 of the 2013 Code of Conduct. As
described in APPENDIX B — SOUND TRANSMISSION-LOSS MODELLING, the
regional 3,600-s standardised SELum fields are used to characterise relative spatial
and directional propagation behaviour and are not interpreted as operational
cumulative exposure from the planned sequence of discrete seismic shots.
Receiver-specific levels for comparison with the Code were therefore evaluated
separately using the corresponding 1-s reference exposure.

Under this assessment, the highest representative received SEL occurred in the
deep-water broadband scenario and was approximately 163.8 dB re 1 pPa2:s at
200 m, 153.0 dB at 1 km and 148.1 dB at 1.5 km. These values are approximately
22.2 dB below the 186 dB criterion at 200 m and 18.0 and 22.9 dB below the 171
dB criterion at 1 km and 1.5 km, respectively. The corrected receiver-specific
assessment therefore does not indicate exceedance of the applicable Code criteria
at any of the three prescribed receiver distances under the representative source
conditions modelled. The 171 dB criterion is used here specifically in the regulatory
context defined by the 2013 Code and is not interpreted as a universal TTS or PTS
onset threshold. Notwithstanding these results, auditory effects cannot be
considered impossible. The modelling represents a screening assessment based on
a simplified representative source spectrum rather than a fully characterised array-
specific source signature and directivity model, and marine mammals could
potentially encounter higher received levels at distances closer to the active source.
Compliance with the 2013 Code therefore remains the principal operational control.
Pre-start observations, soft-start procedures, monitoring by MMOs and PAMOs, and
delayed commencement or shutdown when prescribed conditions are met reduce
the probability that animals will remain sufficiently close to the operating array to
receive exposures capable of producing auditory effects.

A likelihood score of 1 (Unlikely) was therefore retained for all assessed species.
Severity was retained as 3 (Significant) in accordance with the assessment
framework, recognising that auditory effects encompass a range from temporary
threshold shift to potentially persistent hearing impairment. Incorporating the
revised population-exposure and receptor-valuation scores results in residual-risk
categories ranging from None to Moderate (Table 17). As with non-auditory
physical injury, the higher species-specific residual scores principally reflect
population exposure and/or conservation valuation rather than evidence of a higher
modelled probability of auditory injury.
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Antarctic Blue whale 10 3 1 3 1.20 Negligible
Antarctic minke 4 2 1 3 0.32 None
whale

Arnoux’s beaked 5 3 1 3 0.60 Negligible
whale

Bottlenose dolphin 8 6 1 3 1.92 Minor
Common dolphin 2 8 1 3 0.64 Negligible
Dusky dolphin 2 7 1 3 0.56 Negligible
Dwarf minke whale 5 2 1 3 0.40 None

Fin whale 6 4 1 3 0.96 Negligible
Goose-beaked whale 4 4 1 3 0.64 Negligible
Gray’s beaked whale 2 4 1 3 0.32 None
Hector’s dolphin 8 9 1 3 2.88 Moderate
Humpback whale 8 6 1 3 1.92 Minor
Killer whale 10 6 1 3 2.40 Minor
Long-finned pilot 2 5 1 3 0.40 None

whale
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Maui dolphin 10 1 1 3 0.40 None
New Zealand fur 2 8 1 3 0.64 Negligible
seal

Pygmy blue whale 8 4 1 3 1.28 Negligible
Pygmy right whale 5 3 1 3 0.60 Negligible
Pygmy sperm whale 4 3 1 3 0.48 None

Sei whale 8 3 1 3 0.96 Negligible
Shepherd’s beaked 5 3 1 3 0.60 Negligible
whale

Southern right whale 7 5 1 3 1.40 Negligible
Southern right- 4 3 1 3 0.48 None
whale dolphin

Sperm Whale 6 7 1 3 1.68 Minor
Strap-toothed whale 5 3 1 3 0.60 Negligible
Striped dolphin 5 3 1 3 0.60 Negligible

Table 17: Residual risk of auditory effects, including TTS and PTS, from the seismic source. Residual risk category is based on the residual risk score,
calculated from the likelihood, severity, population-exposure and receptor-valuation scores for each species. Source: OSC (2026).
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6.2.2.9. Masking

Acoustic masking occurs when anthropogenic sound reduces the detectability of
biologically relevant acoustic signals by increasing background noise within
overlapping frequency bands. In marine mammals, masking may interfere with
communication, passive detection of conspecifics, predator or prey detection,
navigation and, for odontocetes, components of acoustic foraging behaviour (Clark
et al., 2009; Erbe et al., 2016). The magnitude of masking depends on the spectral
and temporal overlap between the masking sound and the biologically relevant
signal, received sound level, ambient noise conditions, hearing sensitivity, spatial
separation between signaller and receiver, and the capacity of animals to
compensate behaviourally or acoustically.

Seismic airgun signals are impulsive rather than continuous, and the intervals
between successive shots provide periods during which masking is reduced or
absent. The proposed survey is expected to use shot intervals of approximately
10-15 s, depending on water depth. Nevertheless, the high source level and
predominantly low-frequency energy of seismic signals mean that individual pulses
may remain detectable over substantial distances. Potential masking is therefore
not necessarily restricted to animals in close proximity to the active source.

This distinction is particularly relevant to low-frequency cetaceans. Baleen-whale
vocalisations overlap substantially with the low-frequency energy produced by
seismic sources, creating the potential for temporary reduction in communication
space during individual seismic pulses. Odontocetes generally communicate and
echolocate at higher frequencies and therefore have less spectral overlap with the
dominant energy of the seismic source, although broadband components of the
signal and species-specific hearing characteristics mean that masking cannot be
excluded. The biological significance of any masking event will consequently vary
among species, behavioural contexts and propagation environments.

The sound transmission-loss modelling presented in APPENDIX B - SOUND
TRANSMISSION-LOSS MODELLING demonstrates that regional propagation is
strongly directional and dependent on source location, local water depth and
bathymetry. In particular, the deep-water scenarios show that elevated
standardised SEL.um can persist over comparatively large radial distances along
several propagation directions. These standardised 3,600-s fields should not be
interpreted as operational cumulative exposure or as direct predictions of masking
extent; however, they demonstrate that acoustic energy from the source is not
confined to the immediate vicinity of the seismic array. Masking could therefore
occur over a wider region than the mitigation zones, particularly along favourable
deep-water propagation pathways.

The receiver-specific assessment against the 2013 Code criteria does not alter this
conclusion. Those criteria are intended to support mitigation of high received sound
levels and are not masking thresholds. Similarly, the present modelling does not
define a quantitative masking zone because doing so would require species-specific
auditory sensitivity, relevant signal spectra, ambient-noise conditions and
appropriate signal-to-noise or critical-ratio criteria that were not incorporated into
the propagation assessment. The modelling therefore supports assessment of the
potential spatial extent of sound propagation but does not provide a direct
prediction of the distance at which biologically significant masking would occur.

Operational mitigation under the 2013 Code reduces exposure to the highest sound
levels close to the seismic source but cannot eliminate the potential for lower-level
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acoustic masking at greater distances. However, masking from the proposed
seismic source will be intermittent because of the impulsive nature of the source
and the interval between shots, and individual animals will experience changing
received levels as the survey vessel progresses along the survey lines.
Consequently, masking effects are expected to be temporary and reversible rather
than representing permanent impairment of hearing or acoustic function.

Masking was therefore assigned a likelihood score of 4 (Highly likely) for all
assessed marine mammal species, recognising that some degree of acoustic
interference may occur whenever animals are present within acoustically affected
portions of the study area. Severity was retained as 1 (Minimal) because masking
is expected to be intermittent and reversible, with the magnitude and biological
relevance of the effect dependent on species, signal overlap, behavioural context
and received sound conditions. Incorporating the revised population-exposure and
receptor-valuation scores results in residual-risk categories ranging from None to
High (Table 18). Higher residual-risk scores primarily reflect greater population
exposure and/or conservation valuation rather than evidence that all species
experience equivalent masking effects.
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Antarctic Blue whale 10 3 4 1 1.50 Minor
Antarctic minke 4 2 4 1 0.40 None
whale

Arnoux’s beaked 5 3 4 1 0.75 Negligible
whale

Bottlenose dolphin 8 6 4 1 2.40 Minor
Common dolphin 2 8 4 1 0.80 Negligible
Dusky dolphin 2 7 4 1 0.70 Negligible
Dwarf minke whale 5 2 4 1 0.50 Negligible
Fin whale 6 4 4 1 1.20 Negligible
Goose-beaked whale 4 4 4 1 0.80 Negligible
Gray’s beaked whale 2 4 4 1 0.40 None
Hector’s dolphin 8 9 4 1 3.60 High
Humpback whale 8 6 4 1 2.40 Minor
Killer whale 10 6 4 1 3.00 Moderate
Long-finned pilot 2 5 4 1 0.50 Negligible
whale
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Maui dolphin 10 1 4 1 0.50 Negligible
New Zealand fur seal 2 8 4 1 0.80 Negligible
Pygmy blue whale 8 4 4 1 1.60 Minor
Pygmy right whale 5 3 4 1 0.75 Negligible
Pygmy sperm whale 4 3 4 1 0.60 Negligible
Sei whale 8 3 4 1 1.20 Negligible
Shepherd’s beaked 5 3 4 1 0.75 Negligible
whale

Southern right whale 7 5 4 1 1.75 Minor
Southern right-whale 4 3 4 1 0.60 Negligible
dolphin

Sperm whale 6 7 4 1 2.10 Minor
Strap-toothed whale 5 3 4 1 0.75 Negligible
Striped dolphin 5 3 4 1 0.75 Negligible

Table 18: Residual risk of auditory masking from the seismic source. Residual risk category is based on the residual risk score, calculated from the
likelihood, severity, population-exposure and receptor-valuation scores for each species. Source: OSC (2026).
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6.2.2.10. Behavioural disturbance

Exposure to seismic noise may elicit behavioural responses in marine mammals,
including changes in movement, diving, vocal behaviour, foraging and habitat use.
The biological significance of such responses depends on their magnitude and
duration, the behavioural state of the animal and whether exposure occurs during
biologically important activities such as feeding, breeding, migration or maternal
care. Short-term behavioural responses may have little consequence, whereas
repeated or prolonged disruption of biologically important behaviour has greater
potential to affect individual fitness.

Baleen whales have exhibited a range of behavioural responses to seismic and
other anthropogenic noise, including changes in calling behaviour, swimming speed
and direction. Responses can vary considerably among individuals and contexts.
Both increases and decreases in calling behaviour have been reported following
noise exposure (Di Iorio and Clark, 2010; Blackwell et al., 2015), and changes in
humpback-whale singing behaviour have also been documented, although the
consequences for reproductive success remain uncertain (Cerchio et al., 2014;
Dunlop et al., 2018). Experimental exposure studies of humpback whales have
identified changes in movement patterns, dive and respiration parameters and
other surface behaviours, with response magnitude dependent on exposure and
behavioural context (Dunlop et al., 2017).

Odontocetes may also respond to anthropogenic sound through avoidance, altered
diving or changes in foraging behaviour. Beaked whales are considered particularly
sensitive to certain intense anthropogenic sound sources, with strong behavioural
responses to acoustic disturbance documented in several studies. Mass-stranding
events involving beaked whales have been associated particularly with naval sonar
exposure (Fernandez et al., 2005), although the mechanisms and relevance of
these events to seismic-survey exposure should not be assumed to be equivalent.
Sperm whales exposed to seismic airgun activity have shown changes in foraging
effort and dive behaviour, indicating that seismic sound can affect biologically
relevant activities (Miller et al., 2009).

Pinnipeds may also exhibit behavioural responses to seismic activity, although
available observations indicate considerable variability. In Alaska, seals showed
avoidance responses associated with seismic operations, principally at relatively
short ranges (Harris et al., 2001). New Zealand fur seals have also been observed
during seismic surveys in New Zealand, although interpretation was complicated
by sea-state effects on detectability and the potential influence of the physical
presence of survey equipment (Lalas and McConnell, 2016).

The mitigation zones prescribed under the 2013 Code are intended principally to
reduce the risk of exposure to high received sound levels and should not be
interpreted as defining the spatial limit of possible behavioural responses. For
Species of Concern, the applicable mitigation procedures vary according to species
and circumstances, including the presence of calves, as described in Section
6.2.1.4 and APPENDIX A - MITIGATION REQUIREMENTS. Behavioural
responses to seismic sound may occur beyond these mitigation-zone boundaries
and at received levels below those used for the receiver-specific Code assessment.

For the proposed Level 1 seismic survey, the potential for behavioural disturbance
was assessed using the regional sound-propagation modelling presented in
APPENDIX B - SOUND TRANSMISSION-LOSS MODELLING together with
available evidence concerning marine-mammal responses to impulsive underwater
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sound. The modelling demonstrates pronounced spatial and directional variation in
propagation, particularly under deep-water conditions, where elevated
standardised SEL«m values can persist over comparatively large radial distances
along some azimuths. The standardised 3,600-s fields do not constitute operational
cumulative exposures or behavioural-response thresholds, but they demonstrate
that seismic sound may remain detectable over a broad and directionally variable
region.

The modelling does not provide a quantitative behavioural-disturbance radius.
Behavioural response thresholds are not uniform among species or individuals and
depend on received level, signal characteristics, behavioural state, prior exposure
and environmental context. Accordingly, the receiver-specific values evaluated
against the 2013 Code should not be treated as thresholds below which behavioural
disturbance cannot occur.

Where behavioural responses occur during the proposed survey, they are expected
primarily to comprise temporary avoidance or changes in swimming, diving, vocal
or foraging behaviour. The seismic vessel will move continuously along predefined
acquisition lines at approximately 3.5 knots, with shots expected at intervals of
approximately 10-15 s, so the spatial relationship between an individual animal
and the active source will change continuously during acquisition. Implementation
of the 2013 Code mitigation procedures will additionally reduce the likelihood of
animals remaining within the highest-exposure region close to the active source,
although these measures do not eliminate the possibility of behavioural responses
at greater distances.

Behavioural disturbance was therefore assigned a likelihood score of 3 (Likely) for
all assessed species, recognising that behavioural responses may occur when
marine mammals are exposed to seismic sound. Severity was retained as 1
(Minimal) because effects are expected predominantly to be temporary and
reversible under the proposed survey conditions, while recognising that biological
significance will depend on species, behavioural context and duration of exposure.
Incorporating the revised population-exposure and receptor-valuation scores
results in residual-risk categories ranging from None to Moderate (Table 19).
Higher species-specific scores primarily reflect greater population exposure and/or
conservation valuation rather than an assumption of equivalent behavioural
sensitivity among all species.
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Species Valuation Exposure Likelihood Severity Risk score Risk Category
Antarctic Blue whale 10 3 3 1 1.20 Negligible
Antarctic minke 4 2 3 1 0.32 None
whale

Arnoux’s beaked 5 3 3 1 0.60 Negligible
whale

Bottlenose dolphin 8 6 3 1 1.92 Minor
Common dolphin 2 8 3 1 0.64 Negligible
Dusky dolphin 2 7 3 1 0.56 Negligible
Dwarf minke whale 5 2 3 1 0.40 None

Fin whale 6 4 3 1 0.96 Negligible
Goose-beaked whale 4 4 3 1 0.64 Negligible
Gray’s beaked whale 2 4 3 1 0.32 None
Hector’s dolphin 8 9 3 1 2.88 Moderate
Humpback whale 8 6 3 1 1.92 Minor
Killer whale 10 6 3 1 2.40 Minor
Long-finned pilot 2 5 3 1 0.40 Negligible
whale

Maui dolphin 10 1 3 1 0.40 None
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Species Valuation Exposure Likelihood Severity Risk score Risk Category
New Zealand fur seal 2 8 3 1 0.64 Negligible
Pygmy blue whale 8 4 3 1 1.28 Negligible
Pygmy right whale 5 3 3 1 0.60 Negligible
Pygmy sperm whale 4 3 3 1 0.48 None

Sei whale 8 3 3 1 0.96 Negligible
Shepherd’s beaked 5 3 3 1 0.60 Negligible
whale

Southern right whale 7 5 3 1 1.40 Negligible
Southern right-whale 4 3 3 1 0.48 None
dolphin

Sperm whale 6 7 3 1 1.68 Minor
Strap-toothed whale 5 3 3 1 0.60 Negligible
Striped dolphin 5 3 3 1 0.60 Negligible

Table 19: Residual risk of behavioural disturbance from the seismic source. Residual risk category is based on the residual risk score, calculated from the
likelihood, severity, population-exposure and receptor-valuation scores for each species. Source: OSC (2026).
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6.2.2.11. Indirect effects on prey species

Marine mammals within the study area depend on a range of prey taxa that may
themselves respond to impulsive underwater sound. Baleen whales consume
zooplankton and schooling fish in varying proportions, while odontocetes and
pinnipeds depend principally on fish and cephalopods, with diet varying among
species, locations and seasons. Consequently, effects of seismic sound on the
distribution, behaviour or condition of prey organisms could potentially influence
marine mammals indirectly through temporary changes in prey availability or
foraging conditions.

Experimental and field studies have documented responses of fish to seismic and
other intense impulsive sounds, including startle responses, changes in swimming
and schooling behaviour, and displacement or altered catch rates (Engas et al.,
1996; Fewtrell and McCauley, 2012; Carroll et al., 2017). The magnitude and
persistence of these responses vary considerably among species and experimental
conditions, and changes in fishery catch rates should not necessarily be interpreted
as direct evidence of mortality or population-level reduction in prey abundance.
Nevertheless, temporary redistribution of schooling fish could locally alter prey
accessibility for marine mammals that depend on concentrated prey patches.

Cephalopods are also potentially sensitive to intense acoustic exposure.
Experimental studies have reported lesions in statocyst tissues following controlled
exposure to low-frequency sound (Andre et al., 2011), while reviews of seismic
effects on marine fauna identify cephalopods among the invertebrate groups for
which physiological and behavioural effects may occur (Carroll et al., 2017). The
ecological consequences of such responses under field conditions remain uncertain,
and available evidence does not support prediction of a quantitative reduction in
cephalopod availability to marine-mammal predators during the proposed survey.

Zooplankton responses require similarly cautious interpretation. McCauley et al.
(2017) reported increased mortality of zooplankton following exposure to an
experimental airgun signal and described effects extending substantially beyond
the immediate source vicinity. However, subsequent interpretation of seismic
effects on zooplankton has remained an area of scientific uncertainty, particularly
with respect to extrapolation from experimental exposure to population- or
ecosystem-level consequences. The available evidence therefore supports
recognition of a potential effect pathway but does not establish that the proposed
survey would cause a spatially extensive or persistent reduction in zooplankton
prey availability for marine mammals.

For SUBTRANS, the sound transmission-loss modelling presented in APPENDIX B
— SOUND TRANSMISSION-LOSS MODELLING demonstrates that propagation
of seismic sound may extend over a broad and strongly direction-dependent region,
particularly under deep-water conditions. The standardised 3,600-s SELcm fields
do not provide biological effect thresholds for fish, cephalopods or zooplankton and
therefore cannot be used to delineate a prey-effect zone. Accordingly, the spatial
extent of indirect effects on prey cannot be inferred directly from the acoustic
propagation footprint. The modelling nevertheless indicates that potential exposure
of prey organisms should not be assumed to be restricted to the immediate vicinity
of the seismic source.

The biological significance of this pathway for marine mammals is expected to be
lower than that of direct acoustic exposure. The proposed seismic programme is
spatially progressive, with the vessel moving continuously along predefined

127

© Ocean Science Consulting Limited (OSC) 2026
COMMERCIAL IN CONFIDENCE
0OSC_2026_GAR5_MMIA_v3.6.docx



)
GEOMAR

ol SUBTRANS Marine Mammal Impact Assessment

acquisition lines at approximately 3.5 knots and individual shots occurring at
intervals of approximately 10-15 s. Consequently, exposure conditions at any fixed
location will change as the source approaches and subsequently moves away.
Mobile prey such as fish and cephalopods may redistribute in response to exposure,
while planktonic organisms are subject to advection and natural turnover. These
characteristics reduce the likelihood that any local prey response would translate
into persistent prey depletion at the scale relevant to marine-mammal populations.

Indirect effects on marine mammals through changes in prey availability were
therefore assigned a likelihood score of 2 (Possible). Severity was retained as 1
(Minimal) because any resulting effects on marine mammals are expected
principally to involve temporary changes in prey accessibility or foraging conditions
rather than persistent loss of prey resources. Substantial uncertainty remains
because prey responses vary among taxa and exposure conditions, and the
acoustic modelling does not incorporate prey-specific effect thresholds.
Incorporating the revised population-exposure and receptor-valuation scores
results in residual-risk categories ranging from None to Minor (Table 20).
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Antarctic Blue whale 10 3 2 1 0.90 Negligible
Antarctic minke 4 2 2 1 0.24 None
whale

Arnoux’s beaked 5 3 2 1 0.45 None
whale

Bottlenose dolphin 8 6 2 1 1.44 Negligible
Common dolphin 2 8 2 1 0.48 None
Dusky dolphin 2 7 2 1 0.42 None
Dwarf minke whale 5 2 2 1 0.30 None

Fin whale 6 4 2 1 0.72 Negligible
Goose-beaked whale 4 4 2 1 0.48 None
Gray’s beaked whale 2 4 2 1 0.24 None
Hector’s dolphin 8 9 2 1 2.16 Minor
Humpback whale 8 6 2 1 1.44 Negligible
Killer whale 10 6 2 1 1.80 Minor
Long-finned pilot 2 5 2 1 0.30 None

whale
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Species Valuation Exposure Likelihood Severity Risk score Risk category
Maui dolphin 10 1 2 1 0.30 None
New Zealand fur seal 2 8 2 1 0.48 None
Pygmy blue whale 8 4 2 1 0.96 Negligible
Pygmy right whale 5 3 2 1 0.45 None
Pygmy sperm whale 4 3 2 1 0.36 None

Sei whale 8 3 2 1 0.72 Negligible
Shepherd’s beaked 5 3 2 1 0.45 None
whale

Southern right whale 7 5 2 1 1.05 Negligible
Southern right-whale 4 3 2 1 0.36 None
dolphin

Sperm whale 6 7 2 1 1.26 Negligible
Strap-toothed whale 5 3 2 1 0.45 None
Striped dolphin 5 3 2 1 0.45 None

Table 20: Residual risk of indirect effects on marine mammals through changes in prey availability. Residual risk category is based on the residual risk
score, calculated from the likelihood, severity, population-exposure and receptor-valuation scores for each species. Source: OSC (2026).
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6.2.2.12. In-combination & cumulative effects

In-combination effects arise where two or more impact pathways associated with
the proposed survey act concurrently on the same receptor, potentially producing
a combined effect greater than that associated with either pathway considered
independently. Cumulative effects arise where impacts from the proposed survey
overlap spatially or temporally with those generated by other anthropogenic
activities to which the same marine mammal receptors may also be exposed.

For the SUBTRANS survey, potential in-combination effects principally concern the
simultaneous or sequential occurrence of vessel-related disturbance, underwater
radiated vessel noise and impulsive seismic noise. An individual marine mammal
encountering the survey vessel may therefore experience more than one impact
pathway, including behavioural disturbance, displacement, masking and, indirectly,
changes in prey availability. These effects are not necessarily independent; for
example, acoustic disturbance and vessel presence may contribute concurrently to
avoidance or altered foraging behaviour. Nevertheless, the principal predicted
effects are temporary and reversible, and implementation of the mitigation
measures described in Section 6.2.1.4 will reduce exposure to the highest sound
levels close to the active seismic source.

The regional sound transmission-loss modelling presented in APPENDIX B -
SOUND TRANSMISSION-LOSS MODELLING demonstrates that seismic sound
propagation is spatially and directionally variable and, particularly under deep-
water conditions, may extend over comparatively large distances along favourable
propagation pathways. The modelled 3,600-s standardised SELcum fields should not
be interpreted as operational cumulative exposure, but they demonstrate that the
acoustic footprint of the survey cannot be assumed to be confined to the immediate
vicinity of the active source. Potential spatial overlap with other anthropogenic
sound sources must therefore be considered at a regional rather than solely local
scale.

The potential for cumulative effects will depend on the spatial and temporal
coincidence of the SUBTRANS survey with other anthropogenic activities, including
vessel traffic and any other activities generating substantial underwater noise.
Cook Strait is an active maritime environment, and background exposure to vessel
noise is therefore expected to occur independently of the proposed survey.
However, the information available for this assessment did not identify a specific
concurrent activity for which sufficient spatial, temporal and acoustic information
was available to predict a material additive or synergistic increase in marine
mammal effects during the SUBTRANS acquisition period. This should not be
interpreted as demonstrating the absence of other anthropogenic activity, but
rather as reflecting the information available at the time of assessment.

The proposed seismic acquisition is temporary and spatially progressive, with a
single survey vessel moving continuously along predefined acquisition lines. Survey
1 and Survey 2 comprise approximately 775 and 500 nautical miles of seismic
acquisition, respectively, with nominal acquisition durations of approximately 221
and 143 hours at 3.5 knots. Consequently, the location of the active seismic source
and its associated acoustic footprint will change continuously throughout the
programme rather than remaining concentrated at a single location.

On the basis of the information currently available, no additional residual-risk
category has therefore been assigned specifically for in-combination or cumulative
effects. The species-specific residual risks identified for the individual pathways in
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Sections 6.2.2.2-6.2.2.11 remain applicable. In the absence of evidence for a
specific concurrent activity capable of materially increasing exposure during the
survey period, no additional increase in those residual-risk categories is predicted.
Nevertheless, cumulative effects cannot be excluded, particularly where animals
exposed to SUBTRANS seismic sound are simultaneously or sequentially exposed
to other anthropogenic noise, and this uncertainty should be recognised when
interpreting the overall assessment.

6.2.2.13. Unplanned events

Unplanned events considered relevant to marine mammals include vessel collision
or sinking, accidental release of fuel or other hazardous substances, and loss of
survey equipment. These events differ from the routine impact pathways assessed
in the preceding sections because they are contingent events rather than planned
components of the survey and their occurrence, location and magnitude cannot be
predicted with sufficient confidence for application of the species-specific residual-
risk matrix. They are therefore considered qualitatively, with emphasis on
prevention, emergency response and recovery measures.

6.2.2.14. Vessel collision or sinking, and release of hazardous substances

RV Sonne will operate under established maritime safety, bridge watchkeeping,
navigation and pollution-prevention procedures throughout transit and survey
operations. These measures reduce the likelihood of collision, grounding, sinking
or accidental release of fuel or other hazardous substances. Should an incident
occur, the potential consequences for marine mammals would depend on the
nature, quantity and location of any release and on the presence of animals within
the affected area. Exposure to spilled hydrocarbons or other hazardous substances
could occur through direct contact, inhalation at the sea surface or indirectly
through contamination of prey and habitat.

The probability and magnitude of such an event cannot be quantified from the
information available for this MMIA. In the event of an accidental release, the
vessel's applicable emergency-response and pollution-control procedures would be
implemented to contain the incident and minimise its environmental consequences.
Given the preventative controls and contingency measures associated with
operation of the research vessel, no additional species-specific residual-risk score
is assigned for this pathway. This should not be interpreted as indicating that the
consequences of a major accidental release would necessarily be negligible, but
rather that such consequences are dependent on the characteristics of an
unplanned event that cannot be meaningfully represented by the routine
operational risk matrix.

6.2.2.15. Equipment loss

The seismic acquisition system incorporates operational measures intended to
minimise the likelihood and consequences of accidental equipment loss. The tail
buoy is fitted with a flashing light, allowing visual identification of the end of the
streamer array during survey operations. Continuous watchkeeping and real-time
monitoring of the acquisition system provide a means of identifying streamer
separation or other equipment loss, after which recovery procedures can be
initiated.
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Lost or detached equipment could present a temporary entanglement or collision
hazard to marine fauna and, if not recovered, could contribute to persistent marine
debris or localised seabed disturbance. Prompt detection and recovery therefore
constitute the principal mitigation measures for this pathway. As with vessel
accidents and pollutant release, the location and circumstances of an equipment-
loss event cannot be predicted in advance and no species-specific residual-risk
score is assigned. With the operational monitoring and recovery measures
described above, the likelihood of persistent marine-mammal effects from
equipment loss is considered low, although complete absence of risk cannot be
assumed.

6.2.3. Impact assessment — other receptors

Potential effects on other marine receptors within the study area are considered
below for seabirds, marine reptiles, fish, sharks and rays, invertebrates and
zooplankton. As identified during scoping (Section 6.2.1.3), these receptors are
assessed at broad taxonomic-group level rather than at species level. The species-
specific population-exposure and receptor-valuation framework applied to marine
mammals in Section 6.2.2 is therefore not applied quantitatively to these receptor
groups. Instead, the assessment is qualitative and considers the available evidence
for sensitivity to impulsive underwater sound, the nature and duration of the
proposed seismic activity, the regional propagation characteristics identified by the
sound transmission-loss modelling, and the potential for physiological, behavioural
and ecological effects. Increased vessel presence was scoped out for these receptor
groups at the scoping stage; the following assessment consequently focuses
principally on potential effects associated with the seismic source.

6.2.3.1. Seabirds

Knowledge of underwater hearing and sensitivity to anthropogenic underwater
sound in seabirds remains substantially more limited than for marine mammals and
fish, with much of the available auditory research having focused on hearing in air
(Mooney et al., 2020; Smith and Barclay, 2024). Nevertheless, experimental
studies demonstrate that some diving seabirds, including cormorants, can detect
underwater sound (Crowell, 2016; Hansen et al., 2017; Larsen et al., 2020),
establishing a potential pathway for behavioural responses to anthropogenic
underwater noise.

Field evidence also indicates that seismic-survey activity can affect seabird
distribution or foraging behaviour. Pichegru et al. (2017) reported displacement of
foraging African penguins during seismic operations, while (Seco Pon et al., 2019)
identified changes in seabird occurrence associated with seismic-survey activity.
Such responses may arise from direct exposure to underwater sound, responses to
the survey vessel, changes in prey distribution, or a combination of these
mechanisms. Extrapolation among seabird species and regions is therefore
uncertain, particularly because diving behaviour, foraging ecology and underwater
auditory sensitivity differ substantially among taxa.

The Cook Strait and southern Hikurangi Margin support diverse pelagic and diving
seabird assemblages, including species using the region for foraging and transit.
Diving birds could be exposed to seismic sound while submerged, and temporary
behavioural responses or changes in foraging activity cannot be excluded. Indirect
effects could also arise where seismic exposure alters the local distribution or
behaviour of fish or other prey. The regional sound transmission-loss modelling
demonstrates that seismic sound may propagate over comparatively large and
strongly direction-dependent distances, particularly under deep-water conditions;
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consequently, potential acoustic exposure should not be assumed to be confined to
the immediate vicinity of the seismic source. The modelling does not, however,
incorporate seabird-specific hearing characteristics or effect thresholds and cannot
be used to predict a seabird disturbance or injury radius.

Overall, the available evidence supports the potential for temporary behavioural or
foraging responses in seabirds exposed to seismic-survey activity but is insufficient
to predict their magnitude or spatial extent for the seabird assemblage present
within the SUBTRANS study area. The survey is temporary and spatially
progressive, reducing the duration of exposure at any fixed location, and no
persistent population-level effect on seabirds is predicted on the basis of the
information available. Considerable uncertainty nevertheless remains because
underwater auditory sensitivity and seismic-response data are available for
relatively few seabird species.

6.2.3.2. Marine reptiles

Marine turtles are capable of detecting underwater sound, with hearing sensitivity
concentrated predominantly at low frequencies and therefore overlapping with a
substantial component of the energy generated by seismic airgun sources (Piniak
et al., 2012; Chapuis et al., 2019). Available auditory studies indicate considerable
variation among species and life stages but generally demonstrate greatest
sensitivity from tens to several hundreds of hertz, with reduced sensitivity at higher
frequencies. This spectral overlap establishes a plausible pathway for both
behavioural and, at sufficiently high received exposures, auditory effects from
seismic-survey activity.

Behavioural responses of marine turtles to seismic airguns have been reported in
experimental and field observations, including changes in swimming behaviour and
avoidance of the sound source (Weir, 2007; DeRuiter and Doukara, 2012).
However, the received levels associated with particular responses vary among
studies, and the available evidence remains insufficient to define a generally
applicable behavioural response threshold or disturbance radius for marine turtles.
Responses are also likely to depend on behavioural state, source characteristics,
exposure history and the spatial relationship between the animal and the operating
source.

Exposure to sufficiently intense underwater sound may also produce temporary
changes in auditory sensitivity. Experimental studies have demonstrated
temporary threshold shifts following controlled acoustic exposure in marine turtles
(Nelms et al., 2016), indicating that auditory effects are biologically plausible.
Evidence for permanent auditory injury from seismic surveys is substantially more
limited, however, and the available literature does not provide a robust basis for
defining species-specific PTS or injury thresholds applicable to the proposed survey.

Marine turtles may occur within New Zealand waters, although their occurrence
within the SUBTRANS study area is expected to be substantially less frequent than
that of the principal marine-mammal receptors considered in Section 6.2.2. Where
individuals are present, exposure to seismic sound cannot be excluded. The
regional sound transmission-loss modelling presented in APPENDIX B — SOUND
TRANSMISSION-LOSS MODELLING demonstrates that low-frequency seismic
energy may propagate over substantial and strongly direction-dependent
distances, particularly under deep-water conditions. The standardised 3,600-s
SELum fields do not incorporate turtle-specific auditory weighting or biological effect
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thresholds and therefore cannot be used to delineate behavioural, TTS or injury
zones for marine reptiles.

The receiver-specific criteria applied under the 2013 Code of Conduct are similarly
not interpreted as biological effect thresholds for marine turtles. Nevertheless, the
proposed survey is temporary and spatially progressive, so exposure conditions at
any fixed location will change as the active source approaches and moves away.
The highest received levels will occur closest to the seismic array, while animals at
greater distances may remain exposed to lower-level sound capable of eliciting
behavioural responses.

Overall, temporary behavioural responses represent the most plausible effect on
marine reptiles potentially encountered during the survey. Auditory effects cannot
be excluded for an animal exposed sufficiently close to the operating source, but
the available evidence and modelling do not support prediction of a marine-turtle-
specific injury radius. Given the expected low occurrence of marine turtles within
the study area and the temporary, spatially progressive nature of the survey,
persistent population-level effects are not predicted on the basis of the information
available. This conclusion remains subject to uncertainty arising from the limited
species-specific evidence concerning marine-turtle responses to seismic sound.

6.2.3.3. Fish

Fish detect underwater sound primarily through particle motion, while species
possessing anatomical specialisations that couple gas-filled structures to the
auditory system may also exhibit enhanced sensitivity to sound pressure. Auditory
sensitivity consequently varies substantially among taxa, as does susceptibility to
anthropogenic underwater noise (Popper and Hawkins, 2019a). Seismic airgun
pulses have the potential to affect fish through behavioural, auditory and, at
sufficiently high exposures, physiological pathways, with responses dependent on
species, life stage, source characteristics, received exposure and distance from the
source (Popper et al., 2014; Carroll et al., 2017).

Behavioural responses reported during exposure to seismic or other impulsive
sounds include startle responses, changes in swimming behaviour, altered
schooling and displacement from exposed areas. Such responses may temporarily
affect foraging, predator avoidance, communication or habitat use, although their
magnitude and persistence vary considerably among species and exposure
conditions (Carroll et al., 2017; Popper and Hawkins, 2019b). Changes in fish
distribution or catch rates following seismic activity have also been reported, but
these observations should not necessarily be interpreted as evidence of mortality
or persistent reduction in population abundance.

Experimental observations illustrate this variability. Boeger et al. (2006) exposed
coral-reef fish held in field enclosures to airgun signals and reported no mortality
or obvious external injury. Most exposures elicited a startle response, expressed
as a temporary increase in swimming velocity and/or change in swimming
direction, after which swimming behaviour returned towards pre-exposure
conditions. Responses became less pronounced with repeated exposure,
suggesting possible habituation under the experimental conditions.

Physiological susceptibility may be greater in eggs, larvae and other early life
stages because of their limited capacity to move away from an approaching source
(Popper et al., 2005; DNV Energy, 2007). At sufficiently high exposures, physical
injury has been reported in fish, including effects associated with rapid pressure
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changes and damage to gas-filled structures, with susceptibility influenced strongly
by anatomy and exposure conditions (Popper et al., 2014). Auditory effects,
including temporary or permanent changes in hearing sensitivity, are also
biologically plausible, although effect thresholds vary substantially among species
and cannot be represented by a single generally applicable received-level criterion
(Popper et al., 2014; Carroll et al., 2017).

Fish assemblages within Cook Strait and the southern Hikurangi Margin comprise
diverse pelagic and demersal communities structured by depth, substratum,
bathymetric complexity and the region's energetic hydrodynamic regime (Beentjes
et al., 2002; Cole et al., 2012; Zintzen et al., 2012; Zintzen et al., 2017).
Individuals occurring within the acoustically affected region may therefore
experience temporary behavioural responses, while fish in close proximity to the
operating source could potentially experience auditory or physiological effects.
Eggs and larvae present within the exposed water mass may be comparatively less
able to avoid the source.

The sound transmission-loss modelling presented in APPENDIX B - SOUND
TRANSMISSION-LOSS MODELLING demonstrates that seismic sound
propagation can extend over substantial and strongly direction-dependent
distances, particularly under deep-water conditions. However, the modelled
standardised SEL«m fields describe sound-pressure exposure and do not quantify
particle motion. They also do not incorporate species- or life-stage-specific fish
effect thresholds. The modelling therefore cannot be used to delineate a general
behavioural, auditory or injury radius for fish, and the spatial extent of biological
effects should not be inferred directly from the modelled acoustic footprint.

The proposed survey is temporary and spatially progressive, with the active source
moving continuously along the acquisition lines. Consequently, exposure at any
fixed location will vary as the source approaches and subsequently moves away.
Mobile fish may also respond behaviourally by changing position relative to the
source, whereas eggs and planktonic larvae have substantially less capacity for
active avoidance. Overall, temporary behavioural responses represent the most
plausible widespread effect on adult fish, while auditory or physical effects are
expected to require comparatively higher exposures and therefore to present
greatest concern closer to the active source. Persistent population-level effects on
fish assemblages are not predicted on the basis of the available evidence and the
nature of the proposed survey, although uncertainty remains substantial for
sensitive taxa and early life stages.

6.2.3.4. Sharks & rays

Sharks and rays are capable of detecting low-frequency underwater sound,
principally through the particle-motion component of the acoustic field. Unlike
many teleost fishes, elasmobranchs lack a gas-filled swim bladder and do not
possess specialised structures coupling such a cavity to the inner ear. Their acoustic
sensitivity is therefore generally associated with low-frequency particle motion,
although hearing capabilities and behavioural responses vary among species
(Mickle et al., 2020).

Low-frequency sound can provide biologically relevant information to
elasmobranchs, including cues associated with prey, predators and environmental
features. Experimental and observational studies have demonstrated behavioural
responses by some sharks and rays to acoustic stimuli, including attraction,
avoidance and changes in swimming behaviour (Carroll et al., 2017). However,
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available evidence concerning responses specifically to seismic airgun exposure
remains substantially more limited than for many teleost fishes, and responses
observed for one species or acoustic stimulus should not be assumed to apply
uniformly across elasmobranch taxa.

Potential effects of seismic activity may include temporary behavioural disturbance
or displacement where biologically relevant particle motion is detectable.
Physiological or auditory effects at sufficiently high exposures cannot be excluded,
but the available evidence does not provide a robust basis for defining generally
applicable injury or auditory-effect thresholds for sharks and rays. The absence of
a swim bladder may reduce susceptibility to some forms of pressure related
barotrauma observed in physoclistous fishes but should not be interpreted as
demonstrating absence of sensitivity to intense acoustic exposure.

The sound transmission-loss modelling presented in APPENDIX B - SOUND
TRANSMISSION-LOSS MODELLING characterises the sound-pressure field
generated under the representative modelled scenarios. It does not model acoustic
particle motion. Because particle motion is particularly important to sound
detection in elasmobranchs, the standardised SEL.m distributions cannot be
interpreted directly as maps of biologically relevant acoustic exposure for sharks
and rays. The modelling nevertheless demonstrates that the pressure component
of seismic sound may propagate over substantial and strongly direction-dependent
distances, particularly under deep-water conditions, and therefore provides useful
information on the broader propagation environment without defining an
elasmobranch-specific effect zone.

The proposed seismic survey is temporary and spatially progressive, so exposure
at any fixed location will vary as the source approaches and moves away. Mobile
sharks and rays may also alter their position or behaviour in response to the
operating source. Overall, temporary behavioural responses are considered the
most plausible effect where animals encounter seismic activity. Persistent
population-level effects are not predicted on the basis of the available evidence and
the nature of the proposed survey, although uncertainty remains because empirical
information on species-specific sensitivity and responses of elasmobranchs to
seismic airgun exposure is limited.

6.2.3.5. Invertebrates

Marine invertebrates comprise a taxonomically and functionally diverse group, and
responses to anthropogenic underwater sound vary substantially among taxa, life
stages and exposure conditions. Many marine invertebrates can detect the particle-
motion component of underwater sound through mechanosensory structures, and
acoustic cues may contribute to orientation, habitat selection, predator avoidance
and other biologically relevant behaviours (Jones et al., 2022). Consequently,
impulsive sound generated during seismic surveys provides a plausible pathway for
behavioural, physiological and, under sufficiently intense exposure conditions,
physical effects.

Experimental studies have demonstrated responses to seismic or other impulsive
sound in several invertebrate taxa. (Day et al., 2017) reported effects associated
with seismic exposure in marine invertebrates, while behavioural responses to
impulsive sound have also been demonstrated in cephalopods (Jones et al., 2022).
However, extrapolation from experimental exposures to free-ranging animals and
natural communities remains difficult because responses depend on species, source
characteristics, exposure regime and environmental conditions. (Day et al., 2017)
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consequently identified substantial knowledge gaps limiting the development of
generally applicable noise-management criteria, and robust harmful-exposure
thresholds have not been established across major invertebrate groups (Buscaino
et al., 2019; Jones et al., 2019).

Acoustic and vibratory cues may also influence settlement and habitat-selection
processes in some invertebrates. Reef-associated organisms can detect low-
frequency components of natural soundscapes (Tricas and Boyle, 2014; Jones et
al., 2022), and experimental evidence indicates that anthropogenic noise can alter
settlement behaviour in coral larvae (Lecchini et al., 2018). These findings
demonstrate that effects need not be restricted to direct physical injury and may
include disruption of sensory or behavioural processes. Nevertheless, responses
documented for reef-associated species should not be assumed to apply directly to
the invertebrate assemblages potentially encountered during the SUBTRANS
survey.

Available evidence concerning physical and physiological effects is similarly
variable. (Heyward et al., 2018), for example, reported no immediate physical
damage to tissues or skeletal structures in mesophotic corals exposed during
seismic-survey conditions, illustrating that detectable effects are not universal
among taxa or exposure scenarios. Conversely, reviews of seismic effects have
identified potential impacts on sensory structures and other physiological processes
in some marine invertebrates (Carroll et al., 2017). Collectively, the available
evidence therefore indicates the potential for effects under some exposure
conditions but does not support a single response or effect threshold applicable
across marine invertebrates.

The sound transmission-loss modelling presented in APPENDIX B - SOUND
TRANSMISSION-LOSS MODELLING characterises the sound-pressure
component of the seismic field but does not model acoustic particle motion. This is
an important limitation for assessment of marine invertebrates, many of which
detect sound principally through particle motion rather than sound pressure. The
standardised 3,600-s SEL.m fields therefore cannot be interpreted as maps of
biologically relevant exposure or used to delineate general behavioural,
physiological or injury zones for invertebrates. They nevertheless demonstrate that
the pressure component of the seismic field can propagate over substantial and
strongly direction-dependent distances, particularly under deep-water conditions.
Potential responses during the proposed survey will therefore depend strongly on
taxon, life stage, habitat and proximity to the active source. Mobile organisms may
exhibit temporary behavioural responses or avoidance where capable of doing so,
whereas sessile organisms and planktonic or early life stages cannot actively move
away from an approaching source to the same extent. The survey is temporary and
spatially progressive, limiting the duration of exposure at any fixed location,
although this does not preclude exposure or biological responses while the source
is nearby.

Overall, temporary behavioural or physiological responses in some marine
invertebrates cannot be excluded, and effects under comparatively high exposure
conditions may occur in susceptible taxa. However, the available evidence does not
provide a robust basis for defining a general invertebrate effect radius or predicting
a uniform response across the diverse taxa potentially exposed. Persistent
population- or community-level effects are not predicted on the basis of the
available evidence and the nature of the proposed survey, although substantial
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uncertainty remains because responses to seismic sound have been investigated in
only a limited subset of marine invertebrate taxa.

6.2.3.6. Zooplankton

Zooplankton may be exposed to seismic sound throughout the water column, and
their limited capacity for active avoidance distinguishes them from many larger
mobile marine receptors. Sensitivity is likely to vary substantially among taxa and
developmental stages because zooplankton comprise organisms with diverse body
structures, sensory systems and life histories. Consequently, responses observed
in particular experimental taxa or exposure conditions should not be assumed to
represent zooplankton communities generally.

(McCauley et al., 2017) reported increased zooplankton mortality following
exposure to a seismic airgun in a field experiment, with effects detected beyond
the immediate vicinity of the source. The study provides evidence that seismic
exposure can affect some zooplankton under particular experimental and
environmental conditions. However, the reported spatial pattern should not be
interpreted as establishing a general 1.2 km mortality radius for seismic surveys.
The magnitude and spatial extent of effects are likely to depend on source
characteristics, exposure conditions, zooplankton composition and environmental
variability, and extrapolation from individual experimental observations to
community- or ecosystem-level consequences remains uncertain.

Potential effects on zooplankton are therefore most appropriately considered in
terms of short-term changes in survival or abundance among susceptible
organisms rather than as a uniform response across the plankton community.
Because zooplankton occupy an important trophic position, sufficiently large or
persistent reductions could theoretically affect prey availability for planktivorous
fish and higher trophic levels. The available evidence does not, however,
demonstrate that localised responses to seismic exposure necessarily translate into
persistent reductions in zooplankton populations or measurable effects at higher
trophic levels.

Zooplankton within the GCS are naturally subject to pronounced spatial and
temporal variability associated with water-mass structure, advection, upwelling,
tidal mixing and other hydrodynamic processes. Previous studies in the region have
demonstrated changes in zooplankton community structure associated with the
formation and advection of upwelling plumes, together with areas of elevated
zooplankton biomass and active nutrient recycling (James and Wilkinson, 1988;
Bradford-Grieve et al., 1993). These naturally dynamic conditions provide
important ecological context for assessing any short-term changes associated with
the proposed survey but should not be interpreted as demonstrating that
anthropogenic effects would necessarily be ecologically insignificant.

The sound transmission-loss modelling presented in APPENDIX B - SOUND
TRANSMISSION-LOSS MODELLING characterises the sound-pressure field
generated under the representative modelled seismic scenarios. It does not
incorporate zooplankton-specific biological effect thresholds and therefore cannot
be used to delineate a mortality or other biological-effect radius for zooplankton.
The standardised 3,600-s SELcm distributions similarly represent comparative
propagation behaviour rather than the operational exposure history of individual
planktonic organisms, whose exposure would additionally depend on their position
and transport relative to the moving seismic source.
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The proposed survey is temporary and spatially progressive, and any individual
water mass will therefore experience changing exposure conditions as the active
source approaches and moves away. Zooplankton may nevertheless be unable to
avoid the source actively, and short-term effects on susceptible organisms cannot
be excluded where exposure is sufficiently high. Overall, the available evidence
supports the potential for localised effects on zooplankton abundance or survival
during seismic acquisition but does not provide a robust basis for predicting their
magnitude or spatial extent for the SUBTRANS survey. Persistent community-or
ecosystem-level effects are not predicted on the basis of the available evidence,
although uncertainty remains because empirical studies of seismic effects on
zooplankton are limited and extrapolation across taxa and environmental settings
is difficult.

6.3. Summary

The impact assessment evaluated the potential effects of the proposed SUBTRANS
Level 1 seismic survey on marine mammals and other marine receptors within Cook
Strait and the southern Hikurangi Margin. Potential effects associated with survey-
vessel operations and seismic acquisition were considered using published scientific
evidence, species-specific ecological information, available records of marine-
mammal occurrence, conservation status under the New Zealand Threat
Classification System (NZTCS), the requirements of the 2013 Code of Conduct for
Minimising Acoustic Disturbance to Marine Mammals from Seismic Survey
Operations, and the sound transmission-loss modelling presented in APPENDIX B
— SOUND TRANSMISSION-LOSS MODELLING.

For marine mammals, population-exposure scores were developed using the
available evidence of occurrence within the area of biological relevance rather than
treating modelled relative-distribution indices as measures of relative abundance
among species. Receptor valuation was based primarily on current NZTCS status,
with international conservation status used where appropriate for non-resident
taxa. These revised parameters were incorporated into the species-specific
residual-risk assessment together with impact likelihood and severity.

Potential effects associated with vessel operations included collision, behavioural
disturbance, displacement from habitat and masking from underwater radiated
noise. The relatively low survey speed and use of a single principal survey vessel
limit collision opportunity, although susceptibility differs among species and
collision cannot be excluded. Temporary behavioural responses, displacement and
masking may occur where animals encounter the survey vessel or its radiated
noise. Following application of the species-specific exposure and valuation
framework and the proposed mitigation measures, the calculated residual risks
associated with vessel operations were generally within the lower risk categories,
although values varied among species according to occurrence, conservation value
and the particular impact pathway.

The principal potential effects associated with seismic acquisition comprised non-
auditory physical injury, auditory effects, behavioural disturbance, acoustic
masking and indirect effects mediated through prey. The sound transmission-loss
modelling demonstrated strongly direction-dependent propagation controlled by
water depth, bathymetry and propagation pathway, with the deep-water scenario
producing a substantially larger acoustic propagation domain than the shallow-
water scenario. The standardised 3,600-s SELwm fields used for comparative
propagation analysis demonstrate that seismic sound may extend over a broad
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region in some directions and should not be interpreted as operational cumulative
exposure experienced by an individual animal.

For the specific assessment required at the mitigation-zone receiver distances,
received SELs were evaluated using a 1-s reference exposure and the
representative broadband source level adopted for the current 5,420-in3 G-Gun
array. Under these representative modelling conditions, received SEL remained
below the 2013 Code criteria of 186 dB re 1 pPa2:s at 200 m and 171 dBre 1
pPa2:s at 1 km and 1.5 km for the modelled receiver scenarios. The screening
assessment therefore does not indicate a requirement to expand the prescribed
mitigation zones on the basis of these modelled receiver levels. This comparison is
distinct from the standardised 3,600-s SEL.m propagation fields and remains
subject to the modelling assumptions and limitations described in APPENDIX B —
SOUND TRANSMISSION-LOSS MODELLING.

Compliance with the 2013 Code, including pre-start observations, soft-start
procedures, application of the prescribed mitigation zones, shutdown and delayed-
start requirements, and monitoring by qualified and trained MMOs and PAMOs as
applicable, provides the principal operational framework for reducing the likelihood
of close-range exposure. PAM provides an important complement to visual
monitoring, particularly for vocalising animals and during conditions in which visual
detection is constrained, while its effectiveness remains dependent on species vocal
behaviour, source activity and operational conditions.

Auditory masking and behavioural disturbance may occur at received levels
substantially below those associated with injury-related criteria and therefore
cannot be assumed to be restricted to the immediate vicinity of the seismic source.
The regional modelling demonstrates the potential for comparatively broad and
anisotropic propagation, particularly under deep-water conditions. The spatial
extent and biological significance of masking or behavioural response cannot,
however, be derived directly from the modelled SELwm fields because response
depends on species-specific hearing characteristics, vocalisation frequencies,
behavioural context, received sound characteristics and exposure history. The
species-specific residual-risk assessment consequently treats these pathways
separately from close-range physical and auditory injury.

Indirect effects on marine mammals may occur if seismic exposure alters the
abundance, distribution or behaviour of prey organisms. Such effects require an
ecological pathway from a response in prey organisms through a change in prey
availability to a consequential effect on the marine-mammal receptor. On the basis
of the available evidence, persistent prey-mediated population effects are not
predicted, although uncertainty remains for some prey taxa and early life stages.
In-combination effects among SUBTRANS-related pathways and cumulative effects
with other anthropogenic activities were also considered. The information available
did not identify a specific concurrent activity sufficiently characterised to predict a
material additive or synergistic increase in effects, and no separate quantitative
cumulative residual-risk category was assigned.

Potential unplanned events, including vessel collision or sinking, accidental release
of hazardous materials and loss of equipment, were considered qualitatively
because their contingent nature is not appropriately represented by the species-
specific residual-risk matrix. These risks are principally addressed through
preventative vessel-management, emergency-response and equipment-recovery
procedures rather than through assignment of a formal residual-risk category.
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Other marine receptors considered comprised seabirds, marine reptiles, fish,
sharks and rays, marine invertebrates and zooplankton. These groups were
assessed qualitatively because the species-specific population-exposure and
receptor-valuation framework applied to marine mammals was not applied to these
broad receptor categories. Available evidence indicates that temporary
behavioural, physiological or localised effects may occur in susceptible taxa during
seismic exposure, while the magnitude and spatial extent of responses vary
substantially among taxa, life stages and exposure conditions. The sound-pressure
modelling cannot be translated directly into biological-effect zones for these
receptors, particularly for fish, elasmobranchs and many invertebrates for which
particle motion is an important component of acoustic detection. Persistent
population-or community-level effects are not predicted on the basis of the
available evidence and the temporary, spatially progressive nature of the proposed
survey, although important uncertainties remain.

Overall, the assessment indicates that the proposed SUBTRANS survey has the
potential to produce temporary behavioural, acoustic and ecological effects, with
the magnitude and spatial extent varying among receptors and impact pathways.
The greatest potential for physical or auditory effects occurs at comparatively high
exposures close to the active seismic source, whereas behavioural disturbance and
masking may extend over substantially greater distances. Application of the
mitigation requirements of the 2013 Code reduces the likelihood of close-range
exposure of marine mammals, while the revised species-specific assessment
accounts explicitly for differences in occurrence and conservation status. The
assessment does not predict persistent population-level effects from the proposed
survey on the basis of the information available, but recognises uncertainty
associated with species occurrence, behavioural responsiveness, acoustic
propagation and the limited empirical evidence available for several receptor
groups.

7. RESEARCH OPPORTUNITY

The SUBTRANS survey represents a rare opportunity to undertake a comprehensive
marine megafauna assessment in offshore waters of central New Zealand that
remain comparatively understudied. Dedicated MMOs and PAM effort throughout
the survey will provide a unique dataset that extends beyond regulatory mitigation
requirements and has the potential to support multiple scientific outputs.

The survey will generate integrated datasets comprising visual observations, PAM
detections, photographic records, environmental variables, operational
information, and geospatial data collected across a large offshore area. Combined,
these datasets facilitate assessment of marine mammal occurrence, distribution,
habitat use, and detectability in relation to environmental and operational factors.

From a scientific perspective, the resulting dataset has significant potential to
support a peer-reviewed publication. Potential areas of investigation include:

e Characterisation of marine mammal and other marine megafauna species
assemblages, and potential previously undocumented sightings within
offshore waters of central New Zealand;

e Temporo-spatial patterns of marine mammal occurrence in relation to
oceanographic and environmental conditions;
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e Comparative analysis of visual and acoustic detection methods for offshore
marine mammal monitoring;

e Distribution and acoustic occurrence of deep-diving odontocetes, including
beaked and sperm whales, for which regional information remains limited;

e Relationships between marine mammal occurrence and seabed features,
bathymetry, oceanographic fronts, and productivity patterns;

e Evaluation of detection probabilities and monitoring effectiveness under
varying environmental conditions;

e Examination of marine mammal occurrence during seismic operations and
assessment of mitigation effectiveness; and,

e Development of quasi-baseline 4 datasets against which future offshore
surveys and long-term monitoring programmes may be compared.

The survey is particularly valuable because it combines visual and acoustic
monitoring in an area where offshore marine mammal records remain relatively
sparse. PAM detections have potential to increase understanding of presence,
distribution, and vocal behaviour of cryptic and deep-diving species that are often
underrepresented in visual observation datasets. Simultaneously, photographic
records collected during the survey may support post-survey species verification,
individual identification, and potential contributions to regional photo-identification
catalogues. The dataset may also contribute to broader understanding of New
Zealand's offshore marine ecosystems by documenting the occurrence of marine
mammals alongside other marine fauna, thereby providing insights into community
composition and habitat utilisation across a large offshore area. These data could
inform future environmental assessments, marine spatial planning initiatives, and
conservation management strategies.

Following completion of the survey, a dedicated research report will be produced
summarising marine mammal and other fauna observations. Subject to the
necessary approvals and permissions, the resulting datasets may be made
available to researchers and interested stakeholders, thereby facilitating future
collaborative analyses and increasing the scientific value of the survey beyond its
primary operational objectives. A potential peer-reviewed paper title could be
‘Marine mammal occurrence, habitat associations, and detection effectiveness
during an offshore seismic survey in central New Zealand: integrating visual and
passive acoustic monitoring datasets’. That paper would be considerably stronger
scientifically than a simple sightings summary because it would combine ecology,
habitat modelling, detection methodology, and offshore monitoring effectiveness in
a region where published data remain limited.

7.1. Future scientific applications

In addition to valuable data that will be collected during the SUBTRANS survey,
several future research opportunities have been identified that could further
improve marine mammal mitigation and monitoring during seismic surveys in New
Zealand waters. The SUBTRANS survey will provide a rare opportunity to collect
high-quality visual, acoustic, environmental, and operational datasets from
offshore New Zealand waters. These data could be used to improve understanding
of species occurrence, seasonal distribution, habitat use, group composition (but

4 A true Before—After—Control-Impact (BACI) study would be required to establish baseline patterns of
species occurrence and to quantitatively assess any survey-related effects and could be considered in
future work; however, the present study was not intended as an impact assessment. Instead, any
anomalous observations were documented within the context of mitigation and monitoring activities and
were therefore interpreted qualitatively rather than as evidence of impact.
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not interpretation of behavioural responses, which would require a BACI study
and/or tagging) to survey activities, and detection probabilities under varying
environmental conditions. Value may be derived from detections of rarely observed
offshore odontocetes, including beaked whales and other deep-diving species, for
which knowledge gaps remain substantial. Future analyses could also investigate
relationships between marine mammal detections and environmental variables
such as sea state, wind speed, prey distribution (fisheries and AIS data),
bathymetry, oceanographic fronts, and vessel operations. Such studies would
contribute to improved predictive habitat models and more effective spatial and
temporal planning of future offshore activities.

A particularly promising area of future research concerns the continued
development of marine mammal monitoring technologies for use during periods of
low visibility. OSC recently conducted a study on behalf of the Exploration &
Production (E&P) Sound & Marine Life Joint Industry Programme (JIP) examining
the effectiveness of marine mammal detection technologies under low-visibility
conditions  (https://www.soundandmarinelife.org/low-visibility-marine-mammal-
detection/). During vessel-based field trials, IR, RADAR, and SONAR systems were
evaluated, with both IR and RADAR demonstrating considerable potential as
complementary marine mammal detection technologies.

Building upon these findings, future seismic surveys off New Zealand could
investigate the integration of multi-modal detection technologies and real-time
sensor fusion systems that combine visual observations from MMQOs with PAM
detections, IR and RADAR systems. Such integrated mitigation platforms could
improve monitoring effectiveness substantially during darkness, fog, precipitation,
glare, and other periods of reduced visibility, thereby increasing overall detection
capability and supporting more informed mitigation decisions. Additional research
opportunities include development and validation of automated detection
algorithms, artificial intelligence-assisted species classification systems, and
probabilistic decision-support tools capable of integrating multiple data streams in
real time. These technologies could assist operators in rapidly assessing detection
confidence and mitigation requirements while reducing observer workload. The
large volume of visual and acoustic data generated during future surveys could also
support the development of machine-learning approaches for automated
recognition of marine mammal vocalisations, particularly for poorly understood
species such as beaked whales. Such work could improve species-specific detection
performance and contribute to regional acoustic reference libraries for New Zealand
waters.

Long-term collaborative research programmes that combine datasets from multiple
surveys could further improve understanding of marine mammal distribution
patterns, migration routes, habitat use and population connectivity. This would
provide an increasingly robust scientific basis for future mitigation measures and
marine spatial planning initiatives. Collectively, these research opportunities have
potential not only to improve effectiveness of marine mammal mitigation during
seismic surveys, but also to contribute significantly to the broader understanding
and conservation of marine mammals in New Zealand waters. By integrating
emerging technologies, advanced analytical approaches and long-term monitoring
datasets, future surveys could help establish New Zealand as a leading region for
the development and implementation of next-generation marine mammal
mitigation practices.
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8. CONCLUSIONS

This MMIA evaluated the potential effects of the proposed SUBTRANS Level 1
seismic survey on marine mammals and other marine ecological receptors within
Cook Strait and the southern Hikurangi Margin. The revised assessment
incorporates available information on receptor occurrence and conservation status,
published evidence concerning responses to vessel activity and impulsive
underwater sound, and the sound transmission-loss modelling presented in
APPENDIX B — SOUND TRANSMISSION-LOSS MODELLING.

For marine mammals, the assessment identified potential effects associated with
vessel operations and seismic acquisition, including collision, behavioural
disturbance, displacement, masking, physical and auditory effects, and indirect
effects mediated through prey. Following revision of the species-specific
population-exposure and receptor-valuation parameters, residual risks varied
among species and impact pathways but were generally concentrated within the
lower risk categories. Other ecological receptors were assessed qualitatively, with
temporary behavioural, physiological or localised effects considered possible in
susceptible taxa, but persistent population- or community-level effects were not
predicted on the basis of the available evidence.

The sound transmission-loss modelling demonstrates that seismic sound
propagation is strongly influenced by water depth, bathymetry and direction, with
substantially broader propagation under the representative deep-water scenario.
The standardised 3,600-s SEL«m fields describe comparative regional propagation
behaviour and should not be interpreted as operational cumulative exposure
experienced by an individual receptor. For the separate receiver-specific
comparison with the 2013 Code of Conduct, representative 1-s received SELs at
200 m, 1 km and 1.5 km remained below the corresponding Code criteria. The
modelling therefore does not indicate a requirement to expand the prescribed
mitigation zones on the basis of these receiver levels, subject to the assumptions
and limitations described in APPENDIX B - SOUND TRANSMISSION-LOSS
MODELLING.

Compliance with the 2013 Code provides the principal operational framework for
reducing the likelihood of close-range exposure of marine mammals through pre-
start observations, soft starts, prescribed mitigation zones, delayed starts and
shutdowns, supported by MMO and PAM monitoring as applicable. However,
compliance with these receiver criteria should not be interpreted as demonstrating
the absence of behavioural disturbance or masking beyond the mitigation zones,
as such responses may occur at substantially lower received levels and their spatial
extent depends on species-specific and contextual factors.

For the most part, the revised assessment indicates that potential effects
associated with the proposed SUBTRANS survey are expected to be predominantly
temporary and context-dependent. On the basis of the revised impact assessment,
representative acoustic modelling and proposed mitigation framework, persistent
population-level effects on the assessed receptors are not predicted. This
conclusion is conditional on implementation of the applicable regulatory and
mitigation requirements and recognises the uncertainties inherent in species
occurrence, behavioural responsiveness, acoustic propagation and the available
empirical evidence.
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APPENDIX A - MITIGATION PROTOCOL

This appendix outlines comprehensive mitigation strategies and protocols for the
proposed seismic survey of Cook Strait offshore region, aiming to minimise
potential impacts on marine mammals in New Zealand waters. These procedures
align with the ‘2013 Code of Conduct for minimising acoustic disturbance to marine
mammals from seismic survey operations’ released by the Department of
Conservation (DOC, 2013). It serves as a guide for observers and crew to ensure
operations comply with the 2013 Code of Conduct.

A.1. Procedures of seismic operations - notification

The Director-General of Conservation at the DOC must be notified in writing of
GEOMAR's intention to conduct the seismic survey at the earliest opportunity, but
no later than three months before the survey commences. This initial notification
may simply indicate a potential intent to initiate the communication process and
does not require the submission of all necessary information at this stage.

In exceptional circumstances, or in the case of an opportunistic survey arising
within the three-month notification period, the proponent must notify the Director-
General at the earliest opportunity, but no later than two weeks before the survey
commences. This notification must be accompanied by evidence demonstrating the
exceptional or opportunistic nature of the survey, along with a written MMIA.

An MMIA must be submitted when surveying within a sanctuary area a minimum
of three months in advance of operations.

A.2. Observer requirements

A team of four observers will be onboard RV Sonne throughout the survey,
comprising two MMOs and two PAMOs in accordance with the requirements of the
2013 Code. Under the Code, observers who have successfully completed a DOC-
recoghised training and assessment course are considered “trained”, while
“qualified” observers must additionally meet the relevant experience requirements,
including a minimum of 12 weeks of observer experience in New Zealand waters.
All observers will also hold the required sea-survival and offshore medical
certification and will be provided with appropriate Personal Protective Equipment
(PPE) along with the following equipment: Reticule binoculars, range finder stick,
angle board, compass, Global Positioning System (GPS), deck forms, recording
forms and laptop, necessary to undertake their duties.

A.2.1. PAM specifications

Acoustic monitoring will be conducted using a purpose-built towed array (as an
example shown in Figure 40 and Table 21) in conjunction with specialised
software (PAMGuard) to enable detection and monitoring of vocalising marine
mammals. PAMOs are encouraged to familiarise themselves with acoustic
recordings of marine mammals that are likely to be present in the operational area.
All PAM equipment will be provided with 100% redundancy. Components of a PAM
system are as shown in Figure 41.

173

© Ocean Science Consulting Limited (OSC) 2026
COMMERCIAL IN CONFIDENCE
0OSC_2026_GAR5_MMIA_v3.6.docx



&
GEOMAR

é SUBTRANS Marine Mammal Impact Assessment

Figure 40: Example schematic of a towed hydrophone array. H1 and H2 are the
broadband hydrophone (H) element and H3 and H4 are the high frequency
hydrophone elements. Source: OSC (2025).

Figure 41: Schematic of internal PAM system components, including the PAM base
(top panel, centre), which consists of a buffer box and a PAMGuard PC, as well as
PAMGuard displays (top panel, sides). External components are not shown. Source:
OSC (2026).
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GEOMMI\Q)
Item Quantity Specifications
Seiche PAM system with 2 Broadband: receiving sensitivity (at output of
250 m of cable (100% preamplifier): -166 dB re 1 V/pyPa Usable
redundant) frequency range: 200 Hz to 200 kHz +£3 dB

High frequency: receiving sensitivity (at output of
preamplifier): -166 dB re 1 V/pyPa Usable
frequency range: 2 kHz to 200 kHz £3 dB

16-bit digital output, 8 BNC analogue input
24-bit Firewire output to PC

Custom build with Intel quad core i5 processor
with 8 GB RAM

NI USB-6251 DAQ card
Fireface 800 soundcard
Windows PC

NNN

Table 21: Specifications of hydrophone system. DAQ = Data AcQuisition, PC = Personal
Computer. Source: OSC (2025).

A.2.2. PAMGuard configuration

PAMGuard will be configured with a specific data model for SUBTRANS survey. As
informed by the MMIA, PAMGuard will be configured to specifically detect and
classify echolocation clicks from deep diving species such as beaked whales and
sperm whales. This will be achieved by having two click detector modules, one will
be configured to detect the specific frequency range of sperm whale clicks that are
an order of magnitude lower than beaked whales and dolphins. A second click
detector module will be configured for higher frequency odontocete clicks and will
use available click classifiers to identify beaked whales and the narrow band high
frequency clicks of dwarf and pygmy sperm whale. Unclassified clicks will be
retained so that PAMOs can detect odontocete echolocation clicks (regardless of
classification) based on temporal patterns (identification of click trains), this will
allow for the detection of dolphin clicks that will remain unclassified. A whistle and
moan detector will also be configured to identify the tonal calls of odontocetes
(whistles) and low frequency cetaceans that use frequencies within the sensitivity
range of the hydrophones (i.e. humpback whales).

A.3. Observer duties

MMOs are responsible for monitoring for the presence of marine mammals within
designated mitigation zone (minimum 200 m, but up to 1-1.5 km for species of
concern). The MMOs will systematically record sightings, environmental conditions
(including wind direction and speed, swell height, sea state, and visibility), and
ensure compliance with mitigation measures and regulatory requirements to avoid
the risk of acoustic or physical impacts on marine mammals. Similarly, the PAMOs
are accountable for the detection and monitoring of underwater vocalisations and
sounds produced by marine mammals as well as ensuring compliance.

All observers on duty have the authority to delay or postpone the beginning of
operations, or to shut down an active source entirely, if they determine it is
necessary.

Duties of MMOs onboard are as follows:
e Provide comprehensive briefings to all crew members and survey teams
whilst establishing clear communication protocols and operational
procedures for onboard activities;
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e Continuously survey the water’s surface in all directions inside the mitigation
zone, for the presence of marine mammals, utilising a combination of
direct visual observation and high-quality binoculars from optimal vantage
points onboard the vessel to ensure clear and undistracted visual
observations;

e Employ tools such as GPS, reticule binoculars, compass, measuring stick,
angle boards, or other appropriate tools to accurately determine the
distances, angles, and positions of sighted marine mammals where
possible;

e Where possible, document all marine mammal sightings, noting species,
group size, behaviours, direction of travel in relation to the vessel, and the
presence of calves;

e Record environmental data, including Beaufort Sea State, swell height,
visibility, rain, fog, and sun glare at the beginning of each observation
period, as well as when significant weather conditions occur or change;

e Monitor and document the power output of acoustic sources during
operations, along with any mitigation measures implemented during
observations;

e Implement appropriate mitigation actions such as delayed starts and shut
downs; and,

e Record and report any deviations from the guidelines as well as any non-
compliances.

The duties of PAMOs onboard are as follows:

e Provide comprehensive briefings to all crew members and survey teams
whilst establishing clear communication protocols and operational
procedures for onboard activities;

e Test, deploy, and retrieve PAM equipment to ensure effective and smooth
data collection;

e Maintain continuous focus on listening to received sounds and monitoring
PAM display screens for cetacean detection. Non-work-related activities,
including listening to music, watching videos, and reading books, are not
permitted during observation windows. Work-related tasks, such as
completing reports whilst monitoring the equipment may be accepted
under certain circumstances, but this is not a given;

e Document all cetacean detections, including, when possible, species or group
identification, position, distance, and bearing relative to the vessel;

e Record general environmental conditions that might affect detection
capabilities;

e Monitor and document the power output of acoustic sources during
operations, along with any mitigation measures implemented during
observations;

e Implement appropriate mitigation actions such as delayed starts and shut
downs; and,

e Record and report any deviations from the guidelines as well as any non-
compliances.

A.4. Observer effort

Two MMOs and two PAMOs will be present onboard the survey vessel. PAM will
provide 24-hour acoustic monitoring where necessary during operational periods.
MMO visual monitoring will be conducted from a suitable viewing platform allowing
maximum visibility of the mitigation zone (typically the vessel bridge, top deck, or
helipad) commencing 30 minutes before sunrise continuing until 30 minutes after
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sunset (health and safety permitting) with two MMOs on effort during operational
periods in accordance with the requirements of the 2013 Code.

A.4.1. Pre-start observations

The sound source may only be activated within the operational area defined for the
survey. Within this area, source activation may only commence once the observer
confirms that there are no marine mammal detections within the mitigation zone.

The source cannot be activated during daylight hours unless:

e At least one qualified MMO has continuously made visual observations all
around the source for the presence of marine mammals, from the bridge (or
preferably an even higher vantage point) using both binoculars and the
naked eye, and no marine mammals (other than fur seals) have been
observed in the relevant mitigation zone for at least 30 minutes, and no fur
seals have been observed in the relevant mitigation zones for at least 10
minutes, and;

e Passive Acoustic Monitoring for the presence of marine mammals has been
carried out by a qualified PAM operator for at least 30 minutes before
activation and no vocalising cetaceans have been detected in the relevant
mitigation zones.

The source cannot be activated during night-time hours or poor sighting conditions
unless:

e Passive Acoustic Monitoring for the presence of marine mammals has been
carried out by a qualified PAM operator for at least 30 minutes before
activation, and;

e The qualified observer has not detected vocalising cetaceans in the relevant
mitigation zones.

When arriving at a new location in the operational area for the first time, the initial
acoustic source activation must not be undertaken at night or during poor sighting
conditions unless either:

e MMOs have undertaken observations within 20 nautical miles of the planned
start up position for at least the last two hours of good sighting conditions
prior to proposed operations, and nho marine mammals have been detected;
or,

e Where there have been less than two hours of good sighting conditions
preceding proposed operations (within 20 nautical miles (37.4 km) of the
planned start up position), the source may only be activated if:

o PAM monitoring has been conducted for the two hours immediately
preceding proposed operations;

o Two MMOs have conducted visual monitoring in the two hours
immediately preceding proposed operations;

o No Species of Concern have been sighted during visual monitoring or
detected during acoustic monitoring in the relevant mitigation zones in
the two hours immediately preceding proposed operations;

o No fur seals have been sighted within the relevant mitigation zone during
the preceding 10 minutes; and,

o No other marine mammals have been sighted during visual monitoring
or detected during acoustic monitoring in the relevant mitigation zones
in the 30 minutes immediately preceding proposed operations (DOC,
2013).
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A.5. Soft-starts

Soft-starts are required when activating the acoustic source. The exception is when
the source is being reactivated after a break in operations of less than 10 minutes,
not in response to a marine mammal observation in the mitigation zone. This
provision must not be used repeatedly to avoid undertaking a full soft-start
procedure: repeated short interruptions to source activity do not remove the
requirement for a full soft start where otherwise applicable. Marine mammals must
not be in the mitigation zone prior to reactivation of the sound source. The soft
start procedure involves a gradual ramp up of the source power, starting at the
lowest output level and increasing gradually over a 20-40 minute period. The
following considerations must be adhered to during the soft-start procedures: the
operational power of the source must not exceed its specified capacity during the
soft-start procedure or during any testing and, the observers are responsible for
communicating all requirements effectively to the seismic and vessel crew.

A.6. Acoustic source testing

Acoustic source testing will follow the applicable soft-start procedures. The source
power should be gradually ramped up to the required test level at a rate no faster
than the standard soft-start requirement and may not exceed the operational
capacity of the source. The minimum 20-minute duration does not apply to testing
and testing may not be used as a substitute for mitigation measures or as a way
to bypass the implementation of a soft-start procedure.

A.7. Delayed or shut down operations - species of concern

If, during pre-start operations or while the acoustic source is active, including
during a soft-start, a qualified observer detects at least one Species of Concern
(APPENDIX C - SPECIES OF CONCERN) with a calf within 1.5 km from the sound
source, operations must be delayed or shut down immediately. Reactivation may
only occur once the observer confirms that the animals have vacated the area and
are beyond 1.5 km from the acoustic source, or after 30 minutes have passed since
the last detection during continual observations.

If, during the pre-start operations or while the acoustic source is active, including
during a soft-start, a Species of Concern has been detected by a qualified observer
within 1 km of the acoustic source, the operations must be delayed or shut down
immediately. Reactivation may only occur once the observer confirms that the
animal(s) have vacated the area and are beyond 1 km from the acoustic source, or
after 30 minutes have passed since the last detection during continuous
observations.

A.7.1. Other marine mammals (not Species of Concern)

If an MMO/PAMO detects a marine mammal within 200 m of the source during pre-
start observations prior to initiation of a Level 1 acoustic source soft-start, soft-
start will be delayed until:

e MMO/PAMO confirms the marine mammal has moved to a point that is more
than 200 m from the source; or,

e Despite continuous observation, 10 minutes has passed since the last
detection of a New Zealand fur seal within 200 m of the source and 30
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minutes has elapsed since the last detection of any other marine mammal
within 200 m of the source, and the mitigation zone remains clear.

If all mammals detected within the relevant mitigation zones are observed moving
beyond the respective areas, there will be no further delays to initiation of soft
start.

A.8. PAM operations

If PAM equipment experiences technical issues, malfunctions, or damage, survey
operations may continue for up to 20 minutes whilst the issues are being assessed.
If it is determined that the PAM equipment requires repair to resolve the issue,
operations may continue for up to two hours without PAM providing that the
following is met:

e The operations are conducted during daylight hours with two MMOs on watch
and with sea conditions not exceeding Beaufort 4;

e No marine mammals have been detected by PAM alone within the past two
hours inside the mitigation zone;

¢ Two MMOs maintain watch at all times during seismic operations when PAM
is not operational;

e The DOC is notified as soon as possible, including the time and location
when operations began without an active PAM system. If it is not possible
to repair the PAM equipment, the DOC will be consulted for advice on how
to proceed; and,

e The total duration of operations with an active source but without PAM does
not exceed four hours in any 24-hour period.

A.9. Reporting requirements

MMOs and PAMOs are jointly responsible for recording and reporting all detection
data collected during the survey, along with a summary report. This report must
include the required information in a standardised format, following the template
available on the Department of Conservation website:
http://www.doc.govt.nz/notifications. It is important to distinguish between
records made by MMOs, PAMOs, qualified observers, and others, as well as between
observational data collected during survey and non-survey periods.

All raw datasheets must be submitted to DOC at the earliest opportunity and no
later than 14 days after the survey's completion. Likewise, the final written report
should be provided as soon as possible and no later than 60 days after the survey's
completion.

If a qualified observer determines that the number of marine mammals
encountered during the survey is higher than expected, they must immediately
notify the Director-General. If the Director-General deems additional measures
necessary, the MMO and PAM team, along with the crew, must implement adaptive
management actions without delay. Any non-compliance with the 2013 Code of
Conduct must be reported to DOC immediately.

A.10. Key contacts and communication protocol

All enquiries or notifications to DOC must be directed to ||| | | ] via rhone

at | o <ai ot - Ay communication made

via phone must be promptly followed by a confirmation email. Additionally,
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GEOMAR Helmholtz Centre for Ocean Research Kiel must be kept informed of all
correspondence with DOC; therefore, all emails, including follow-ups to phone calls,
should be copied to

A.11. Navigational safety

The vessel will transit from Wellington harbour (Aotea Quay) through the Cook
Strait to the operational area. The transit is expected to take eight hours.
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APPENDIX B - SOUND TRANSMISSION-LOSS MODELLING

This appendix presents the sound (noise) transmission-loss modelling undertaken
to investigate propagation characteristics of underwater sound within the Cook
Strait region under a range of representative source and environmental conditions.
Modelling was commissioned to support the assessment of the spatial distribution
of acoustic energy associated with the proposed offshore survey activities and to
provide a technical basis for understanding how regional bathymetry, source depth,
and frequency content may influence sound propagation throughout the study area.

The present survey was undertaken within central New Zealand, across Cook Strait
and the southern Hikurangi Margin, one of the world's most complex SSST zones
(Bilich et al., 2001; Wallace et al., 2012). This tectonic setting represents the
transition between oblique subduction along the Hikurangi Margin and dextral
strike-slip deformation accommodated by the Marlborough Fault System before
continuing southwards along the Alpine Fault (Barnes et al., 1998; Wallace et al.,
2012) Owing to its exceptional structural complexity and seismic significance, the
region has become the focus of extensive multidisciplinary geophysical
investigations aimed at improving the understanding of crustal architecture, fault
connectivity and seismic hazards (Crutchley et al., 2020; Henrys et al., 2020;
Stevens et al., 2024).

As described extensively in Section 5.1, the Cook Strait is characterised by highly
variable bathymetry, including extensive continental shelf areas, steep shelf-break
transitions, deep offshore basins exceeding 2,500 m water depth, and complex
submarine canyon systems (Barnes et al., 2010; Crutchley et al., 2020). Such
environmental heterogeneity influences acoustic wave propagation through strong
variations in bathymetric confinement, reflection geometry, mode conversion and
propagation-path characteristics, resulting in substantial spatial variability in
transmission loss (Ainslie, 2010; Jensen et al., 2011). Consequently, site-specific
numerical modelling is required to adequately characterise the expected acoustic
footprint and identify the principal physical controls governing sound propagation
within the region.

Unlike previous studies in which detailed source-characterisation modelling was
available through dedicated source-modelling software, the present assessment
focuses specifically on regional-scale sound propagation and transmission-loss
behaviour. The primary objective is therefore not to reconstruct the detailed
acoustic signature of the seismic source itself, but rather to evaluate how acoustic
energy propagates through the Cook Strait environment once radiated into the
water column. The modelling was also designhed to evaluate predicted received
sound levels at the applicable mitigation zone boundaries specified by the 2013
Code of Conduct. To investigate these processes, a series of fixed-source
transmission-loss simulations were undertaken using the dBSea acoustic-
propagation modelling platform. Two representative source locations were
evaluated: a shallow-water coastal source situated on the continental shelf and a
deep-water offshore source located within the principal offshore basin. For each
source location, broadband propagation simulations were conducted across two
frequency ranges extending from 12.5 Hz to 250 Hz and from 12.5 Hz to 1 kHz,
respectively. These frequency limits were selected to investigate the relative
influence of low-frequency and extended-frequency propagation behaviour within
the study area and to provide a basis for comparing the sensitivity of propagation
patterns to increasing frequency content.
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To facilitate quantitative comparison between propagation conditions, identical sets
of virtual receivers were established for every scenario at radial distances of 200
m, 1 km and 1.5 km from each source location. In addition, complete radial
transmission-loss profiles were extracted along all propagation azimuths generated
by the numerical model, allowing the influence of propagation direction and
regional bathymetry to be evaluated consistently across all simulations. These
receiver distances also correspond to the locations relevant to assessment of
received sound levels at the mitigation-zone boundaries specified under the 2013
Code, thereby allowing the model outputs to support the required evaluation of
received SEL at those distances.

The following sections describe the environmental inputs, modelling methodology,
scenario definitions and modelling results, followed by an interpretation of the
principal propagation mechanisms identified within Cook Strait and their
implications for regional acoustic transmission.

B.1. Modelling approach

Numerical sound propagation modelling was undertaken to evaluate transmission
characteristics of underwater sound within the Cook Strait region under a range of
representative environmental and source conditions. Modelling was performed
using dBSea Version 3.0.24 (dBSealtd, 2026), a widely used underwater acoustic
propagation platform capable (with advanced primary user acoustical knowledge)
of simulating sound transmission in range-dependent marine environments
through a variety of propagation algorithms. Given the large spatial extent of the
study area, the highly variable bathymetry and the predominance of low-frequency
sound propagation over regional scales, the Parabolic Equation (PE) solver was
selected as the primary propagation algorithm. The PE method is regarded widely
as one of the most appropriate numerical approaches for modelling long-range
underwater sound propagation in complex marine environments because it
accounts for range-dependent bathymetry, variable seabed properties, and
frequency-dependent propagation effects while maintaining computational
efficiency over large modelling domains (Jensen et al., 2011).

The modelling domain encompassed the central Cook Strait region and adjacent
offshore areas surrounding the proposed survey corridor. The computational area
was designed to include both shallow continental shelf environments surrounding
the Strait and deeper offshore basins located to the east and southeast of the
survey area. This configuration ensured that principal bathymetric features capable
of influencing acoustic propagation were represented within the modelled
environment.

All model calculations were undertaken using bathymetric data derived from the
General Bathymetric Chart of the Oceans (GEBCO, 2024), provided on a 15 arc-
second-interval grid and imported directly into the dBSea modelling environment.
The bathymetric surface was projected using the WGS’84/UTM Zone 60S coordinate
reference system (EPSG: 32760), providing a consistent spatial framework for all
transmission-loss calculations. The resulting propagation environment was
therefore represented as a fully range-dependent acoustic domain, allowing
transmission-loss predictions to account for the pronounced bathymetric variability
that characterises Cook Strait and the surrounding offshore basins.
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To investigate the influence of source location on regional propagation behaviour,
two representative scenarios were evaluated. The first condition consisted of a
shallow-water source positioned at Station 49 (Survey 1, End Line 03, 174.1500°
E, 41.4205° S), corresponding to a local water depth of approximately 25 m. This
location was selected to represent acoustic emissions originating within the
continental shelf environment near the western entrance of Cook Strait, where
propagation was expected to be influenced strongly by repeated seabed interaction,
bathymetric confinement, and proximity to coastal boundaries. The second
scenario consisted of a deep-water source positioned at Station 10 (deployment
location of OBS 09, 175.5927° E, 41.8442° S), situated at the intersection of Line
8 of Survey 1 and Line 1 of Survey 2. The local water depth at this location is
approximately 2,372 m, placing the source within the principal offshore basin east
of Cook Strait. This configuration was selected to investigate propagation under
deep-water conditions where acoustic energy may propagate through a
substantially larger water column and interact with regional-scale bathymetric
features over much greater distances than in the shallow-water scenario.

For each source location, broadband simulations were undertaken across two
frequency ranges extending from 12.5 Hz to 250 Hz and from 12.5 Hz to 1 kHz,
respectively. These frequency limits were selected to examine the sensitivity of
propagation behaviour to increasing frequency content while remaining
representative of the low-frequency acoustic energy typically associated with
offshore geophysical survey activities (Richardson et al., 1995).The lower
frequency limit of 12.5 Hz was adopted as the minimum modelling frequency,
providing a consistent basis for comparison across all scenarios while encompassing
the dominant low-frequency energy associated with seismic survey sources.

Propagation outputs were generated using both SPL and cumulative Sound
Exposure Level (SELwm) metrics. SPL results provide an instantaneous
representation of the predicted acoustic field, whereas SELcm incorporates
cumulative acoustic energy received over the specified exposure period and
therefore provides a useful metric for assessing spatial distribution of total acoustic
energy. Following verification of model outputs and consistency checks between
scenarios, SELc.m was adopted as the principal metric for comparative analysis
within this appendix because it provides the most representative measure of
cumulative acoustic exposure associated with the modelled source conditions.

Model outputs were subsequently extracted and analysed using four
complementary approaches. Firstly, spatial propagation maps were generated to
characterise geographical distribution of acoustic energy throughout the study
area. Secondly, radial transmission-loss profiles were extracted to quantify
directional differences in propagation performance. Thirdly, to facilitate
quantitative comparison between propagation conditions, identical sets of virtual
receivers were established for every scenario at radial distances of 200 m, 1 km
and 1.5 km from each source location. Finally, cross-sectional propagation plots
were examined along selected azimuths to investigate interaction between acoustic
energy and the underlying bathymetric structure. Together, these analyses
provided a comprehensive assessment of the principal physical controls governing
underwater sound propagation within Cook Strait and form the basis for
interpretation presented in the subsequent sections of this appendix.

For the spatial propagation analyses, model outputs were evaluated using a
standardised assessment period of 3,600 s. This common assessment period was
applied consistently across all scenarios to facilitate comparison of relative

183

© Ocean Science Consulting Limited (OSC) 2026
COMMERCIAL IN CONFIDENCE
0OSC_2026_GAR5_MMIA_v3.6.docx



)
GEOMAR

-
& SUBTRANS Marine Mammal Impact Assessment

propagation behaviour between source locations and frequency ranges. The
resulting SELwm fields presented in Figure 42-49 therefore represent
standardised model outputs for comparative propagation analysis and should not
be interpreted as operational cumulative exposure from the planned seismic
sequence. The proposed survey source will operate impulsively, with shots
separated by approximately 10-15 s, rather than as a continuously active source
over the 3,600 s assessment period. For comparison with the received SEL criteria
specified at the mitigation-zone boundaries under the 2013 Code, receiver specific
levels were therefore evaluated separately using the corresponding 1-s reference
exposure, as described in Section B.2.5.

The transmission-loss modelling presented in this appendix is intended to provide
a first-order assessment of regional sound-propagation behaviour within the Cook
Strait environment and should not be interpreted as a prediction of actual acoustic
exposure during survey operations. Simulations are based on a deliberately
simplified representation of the physical environment and were designed primarily
to investigate the relative influence of source depth, frequency content, and
regional bathymetric structure on sound transmission. Consequently, several
important environmental variables known to influence underwater sound
propagation within Cook Strait, including temporally variable sound-speed
structure, tidal currents, tidal elevation, water-column stratification, spatially
heterogeneous seabed properties, and transient oceanographic processes, were
not represented explicitly within the model. Furthermore, modelling was
undertaken using representative source conditions rather than a fully characterised
seismic-source signature derived from dedicated airgun-array modelling or field
measurements. As with all nhumerical propagation models, results represent a
mathematical approximation of a highly complex natural system and should
therefore be regarded as indicative rather than predictive. The model is most
appropriately interpreted as a tool for examining relative propagation behaviour
and identifying the principal environmental controls governing regional sound
transmission. Accurate quantification of operational acoustic exposure would
require empirical field validation, including measurement of the source signature in
the near field, verification of source levels and spectral characteristics, and acoustic
monitoring at multiple ranges and directions from the operational source under
representative environmental conditions. Such measurements would allow
comparison between predicted and observed propagation characteristics and
provide the basis for refinement and calibration of the modelling framework.
Consequently, outputs presented herein should be considered a regional scale
screening assessment of potential propagation behaviour rather than a definitive
prediction of acoustic levels that would occur during the proposed survey.

B.1.1. Bathymetry

Bathymetry constitutes the primary environmental control on underwater sound
propagation within Cook Strait and was therefore treated as the principal spatially
varying parameter within the transmission-loss model. The bathymetric dataset
incorporated into the modelling domain represented the full extent of Cook Strait
and the adjacent offshore regions, encompassing shallow continental shelf
environments, steep shelf-break transitions, submarine canyon systems and deep
offshore basins exceeding 2,500 m water depth (as explained in detail in Section
5.1.1). Consequently, the resulting bathymetric model captured the pronounced
topographic complexity that characterises the region. Water depths varied from
less than 50 m within the nearshore shelf environments to more than 2,500 m
within the principal offshore basin east of Cook Strait. This substantial depth
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gradient provided an ideal setting for examining the influence of large-scale seabed
morphology on sound propagation and enabled assessment of propagation
pathways across both shallow-water and deep-water environments. The imported
bathymetric surface was used directly by the PE solver to define the range-
dependent propagation environment. Consequently, all transmission-loss
predictions accounted explicitly for changes in seabed elevation along each
propagation path and for associated interactions between acoustic energy and
underlying bathymetric structure.

B.1.2. Water column properties

To isolate influence of bathymetry and source geometry on propagation behaviour,
a simplified and spatially homogeneous water-column environment was adopted
throughout the modelling domain. A constant compressional sound speed of 1,580
ms™! was specified across the entire water column, thereby eliminating influence of
vertical sound-speed gradients, seasonal stratification, and local hydrographic
variability. This approach allowed resulting propagation patterns to be interpreted
primarily in terms of bathymetric controls rather than refraction associated with
water-column structure.

Environmental parameters used to define the water column included a temperature
of 10°C, salinity of 35 parts per thousand (ppt) and power of Hydrogen (pH) of 8.0.
No tidal elevation offset was applied, and current velocity was set to zero
throughout the modelling domain. Although tidal currents within Cook Strait may
locally exceed several metres per second, the objective of the present assessment
was to investigate first-order propagation behaviour under representative baseline
conditions rather than simulate specific tidal phases or transient oceanographic
states.

Use of a homogeneous sound-speed field provides a conservative and reproducible
framework for comparing the relative influence of source depth and frequency
content across all modelled scenarios. Table 22 summarises the water-column
parameters adopted in the model.

Parameter Value
Compressional sound speed 1,580 m/s
Temperature 10°C
Salinity 35 ppt

pH 8.0
Current speed 0 m/s
Current direction 90°

Table 22: Water-column parameters used in the transmission-loss model. Source: OSC
(2026).

B.1.3. Seabed Properties

The seabed was represented using a single acoustically homogeneous sediment
layer extending throughout the modelling domain. This simplification was adopted
to minimise uncertainties associated with poorly constrained regional sediment
distributions and to allow the influence of bathymetric geometry to be examined
independently of complex spatial variations in sediment composition.
Consequently, the seabed layer was defined as a silty sand to mixed-sediment
environment and parameterised using acoustic properties associated with
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unconsolidated marine sand within the dBSea material database. The sediment
layer extended from the local seabed surface to infinite depth and was referenced
directly to the bathymetric profile at each model location. A sediment density of
1,595 kg m3 was specified together with a frequency-dependent attenuation
coefficient of 0.4 dB per wavelength. These values are representative of moderately
attenuating unconsolidated marine sediments and provide a realistic approximation
of acoustic energy losses associated with seabed interaction within the frequency
range considered.

Because the selected propagation scenarios encompass both shallow shelf
environments and deep offshore basins, repeated interactions between the acoustic
field and the seabed were expected to constitute one of the dominant transmission-
loss mechanisms within portions of the modelling domain. Consequently, although
sediment properties were uniform spatially, influence of the seabed on propagation
can vary substantially between scenarios, as a function of water depth and local
bathymetric geometry. Table 23 summarises the seabed parameters adopted in
the model:

Parameter Value

Sediment type Silty sand/mixed sediment
Material classification Sand

Layer reference Local seabed

Layer thickness Infinite

Density 1,595 kg m3

Attenuation 0.4 dB/wavelength

Table 23: Seabed properties used in the transmission-loss model.
Source: OSC (2026).

The environmental configuration described provided a controlled modelling
framework in which the principal drivers of propagation variability are source depth,
frequency content, and regional bathymetric structure. This approach allowed
physical mechanisms responsible for the observed transmission-loss patterns to be
identified more clearly than would be possible within a highly parameterised
oceanographic model.

B.2. Results

The transmission-loss simulations revealed pronounced differences in propagation
behaviour between the shallow- and deep-water source scenarios, reflecting the
strong influence exerted by regional bathymetry on acoustic transmission
throughout Cook Strait. Results demonstrated that source depth not only governed
overall propagation range but also modified the directional distribution of acoustic
energy, the interaction between the propagating wavefront and the seabed, and
the degree of spatial variability observed throughout the modelling domain. The
following sections examine these processes progressively, beginning with the
regional propagation patterns, followed by analyses of directional variability,
propagation cross-sections and receiver-specific predictions.
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Unless otherwise stated, SEL.m values presented in Sections B.2.1-B.2.4
correspond to the standardised 3,600-s assessment period described in Section
B.1 and are used to characterise relative spatial and directional propagation
behaviour between scenarios

B.2.1. Regional propagation patterns

The spatial distributions of SEL.m predicted for the four modelled scenarios
provided the first indication of how source depth, frequency content, and regional
bathymetry collectively governed underwater sound propagation throughout Cook
Strait. Rather than exhibiting simple radial spreading from source locations, the
predicted acoustic fields displayed highly heterogeneous propagation patterns that
closely reflected the complex physiographic structure of the study area. Differences
in continental shelf width, basin geometry, submarine slopes, and major
bathymetric transitions exerted a dominant control on the redistribution of acoustic
energy, producing propagation footprints that varied substantially between
scenarios despite use of identical environmental properties and propagation
algorithms, differing only in source location and water depth (Figure 42). A clear
distinction emerged between the shallow-water and deep-water source
configurations. Whereas the shallow source generated an acoustic field largely
confined to the continental shelf and adjacent shallow marine environments, the
deep-water source produced a considerably broader regional footprint extending
across much of the offshore basin east of Cook Strait (Figure 42). These
contrasting behaviours primarily reflected the fundamentally different propagation
environments experienced by the acoustic wavefront immediately after emission.
In shallow water, repeated interaction with both the seabed and the sea surface
resulted in rapid cumulative attenuation and limited the effective propagation
range. In contrast, the deep-water configuration allowed a much larger proportion
of the acoustic energy to remain within the water column over extended distances
before interacting with major bathymetric features, thereby maintaining higher
standardised modelled levels across substantially larger areas.
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Figure 42: Standardised cumulative Sound Exposure Level (SEL.m) propagation maps for the four transmission-loss modelling scenarios in Cook Strait,
New Zealand, calculated using a common 3,600-s assessment period for comparative propagation analysis. Upper panels show the deep-water source,
whereas lower panels show the shallow-water source. Values represent comparative model outputs and not operational cumulative exposure from the
planned impulsive seismic sequence. Source: OSC (2026).
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The influence of source depth was evident particularly in the overall geometry of
the predicted propagation fields. The shallow-water simulations revealed relatively
rapid contraction of the high-exposure region following emission, with acoustic
energy becoming increasingly constrained by local bathymetric relief and the
irregular geometry of the continental shelf. Several areas exhibited abrupt changes
in predicted exposure over comparatively short spatial scales, indicating strong
modulation of transmission loss by seabed morphology. Such behaviour is
consistent with environments in which repeated bottom interaction becomes the
dominant mechanism controlling acoustic attenuation.

Conversely, the deep-water simulations exhibited a significantly more extensive
propagation footprint characterised by smoother regional gradients and greater
continuity of elevated SEL«m values over long distances. Rather than being rapidly
attenuated, acoustic energy remained distributed throughout the deep offshore
basin where the larger water-column thickness reduced the frequency of bottom
interactions and allows propagation to occur under conditions that more closely
approximate deep-ocean transmission. Nevertheless, the predicted sound field
remains distinctly anisotropic, demonstrating that even within deep water the
surrounding bathymetric framework continued to influence the redistribution of
acoustic energy and the efficiency of propagation along different azimuths.

Comparison of the two frequency ranges further demonstrated the increasing
influence of frequency dependent attenuation on regional sound transmission. For
both source depths, extension of the upper modelling limit from 250 Hz to 1 kHz
resulted in a progressive reduction in the spatial extent of elevated SEL«m values.
This effect was most pronounced within the shallow-water scenario, where higher-
frequency components experienced more frequent interactions with the seabed and
therefore accumulate greater transmission loss. By comparison, the deep-water
source exhibited a comparatively smaller reduction in overall propagation extent,
reflecting the reduced importance of bottom interaction during the initial stages of
long-range propagation.

Perhaps the most important observation arising from Figure 42 is that the
predicted acoustic field is far from isotropic. Instead of expanding uniformly from
the source, acoustic energy followed preferential propagation corridors that appear
associated closely with the large-scale morphology of Cook Strait and the adjacent
offshore basins. Likewise, several sectors exhibited comparatively rapid
attenuation, suggesting presence of bathymetrically controlled shadowing effects
or regions where repeated interactions with steep seabed gradients accelerated
energy loss. These directional differences provided the first indication that regional
bathymetry constitutes one of the principal controls on underwater sound
propagation within the study area and motivate the more detailed directional
analyses presented in the following section.

B.2.2. Directional propagation characteristics

The regional propagation maps presented in Figure 42 indicate that sound
transmission within Cook Strait is not spatially uniform. To examine this behaviour,
Figure 43 presents the corresponding radial model outputs in polar coordinates,
in which SELcm is represented as a function of propagation azimuth and radial
distance from the source. This representation allows directional variations in
predicted acoustic levels to be visualised independently of geographical position,
facilitating direct comparison between source depths and modelled frequency
ranges.
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Figure 43: Polar representation of standardised cumulative Sound Exposure Level(SELcm)
as a function of propagation direction and radial distance for the shallow- and deep-water
source scenarios across the two modelled frequency ranges. Values are plotted directly from
the discrete dBSea radial model outputs without spatial interpolation or smoothing; unfilled
areas indicate locations for which no radial model data were available. The plots use the
common 3,600-s assessment period applied to the comparative propagation analyses and
should not be interpreted as operational cumulative exposure from the planned impulsive
seismic sequence. Source: OSC (2026)

The polar representations demonstrate that the predicted acoustic field is
characterised by substantial directional variability under all four modelling
scenarios. Rather than exhibiting radially uniform distributions, the modelled SELcum
fields show pronounced directional elongation and contraction, indicating that
acoustic levels decrease at different rates with distance depending on propagation
azimuth. These directional differences are evident for both source locations and
frequency ranges, although their magnitude and spatial distribution differ between
scenarios.
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The deep-water source scenarios exhibit comparatively broad regions of elevated
SELwm, with relatively high levels persisting over substantially greater radial
distances along several propagation directions. Nevertheless, the acoustic field
remains distinctly asymmetric, with some azimuths maintaining higher levels over
considerably greater distances than others. Conversely, the shallow-water
scenarios show a substantially more restricted distribution of elevated SELc.m and
generally more rapid reductions in level with radial distance. This contrast indicates
a strong influence of source environment and regional bathymetry on the
directional propagation patterns represented by the model.

Comparison between the two modelled frequency ranges shows that extending the
upper frequency limit from 250 Hz to 1 kHz increases the predicted broadband
SELwm because the latter scenario incorporates the additional modelled frequency
bands between 315 Hz and 1 kHz. This increase is particularly pronounced for the
deep-water source, where elevated broadband SELcum persists over comparatively
large radial distances along several azimuths. The corresponding change is less
pronounced for the shallow-water source, demonstrating that the effect of
extending the modelled bandwidth depends strongly on the propagation
environment rather than on frequency range alone. Despite these differences in
absolute broadband levels, the principal directional structure of the acoustic field
remains broadly comparable between frequency scenarios, indicating persistence
of the major propagation pathways identified by the model.

The polar representation further demonstrates that directional variability occurs
across the full range of modelled azimuths rather than being confined to a small
number of discrete directions. Adjacent radials generally show progressive changes
in predicted SELc.um, although some sectors exhibit comparatively abrupt changes
over relatively small angular intervals. Importantly, the corrected representation
plots the discrete dBSea radial outputs directly and does not spatially interpolate
between modelled values; consequently, these directional patterns reflect the
underlying model results rather than interpolation-derived features.

B.2.3. Mean propagation behaviour

Although polar representations presented in Figure 43 illustrated the full
directional variability of the predicted acoustic field, comparison between scenarios
were facilitated by examining the mean attenuation behaviour calculated across all
simulated propagation azimuths. Figure 44 summarised the average directional
decay in SELwm as a function of radial distance from the source for the shallow-
and deep-water source configurations. Shaded envelopes represented the
directional variability observed at each distance, expressed as one standard
deviation around the mean predicted SELcum.
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Figure 44: Comparison of mean directional standardised cumulative Sound Exposure Level
(SELcum) decay with distance for the shallow- and deep-water source scenarios, calculated
using a common 3,600-s assessment period for comparative propagation analysis. Shaded
envelopes indicate the corresponding directional variability (£1 standard deviation). Source:
OSC (2026).

The mean attenuation profiles (Figure 44) indicated consistent differences
between the two source configurations throughout the modelled distance range.
For both frequency bands, the deep-water source maintains higher mean SELcum
values over substantially greater distances than the corresponding shallow-water
source. Divergence between the two source configurations becomes progressively
more evident with increasing propagation range, resulting in increasingly distinct
attenuation trajectories beyond the near-source region.

Figure 44 highlights the marked contrast in mean propagation behaviour between
the shallow- and deep-water source configurations. The deep-water scenario
maintained substantially higher mean SEL«wm values over the entire propagation
range, with only a gradual reduction in cumulative exposure as distance increases.
In contrast, the shallow-water source exhibited a much more rapid decrease in
mean SELwm during the first tens of kilometres, followed by comparatively low
levels over the remainder of the modelled domain. The associated variability
envelope further indicated that directional differences are proportionally larger for
the shallow-water scenario, whereas the deep-water source produces a more
spatially consistent propagation field despite the pronounced bathymetric
complexity of the study area.
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B.2.4. Vertical propagation structure

To further characterise the three-dimensional distribution of the predicted acoustic
field, representative vertical propagation cross-sections were extracted from the
broadband (12.5 Hz-1 kHz) simulations for both source configurations. The
broadband simulations were selected because they provided the most
comprehensive representation of the modelled propagation environment,
encompassing the full frequency range considered in the principal analyses
presented throughout this appendix.

Selected transects were chosen to intersect the operational survey area and to
represent principal propagation directions of relevance for each source location. For
the shallow-water source, cross-sections were extracted along the eastward (90°)
and south-eastward (135°) azimuths, representing the primary offshore
propagation directions available from the coastal source location. For the deep-
water source, westward (270°) and south-westward (225°) transects were selected
to illustrate propagation from the offshore basin towards Cook Strait and the
adjacent continental margin within the operational area.

The shallow-water cross-sections in Figure 45 and Figure 46 showed that the
predicted acoustic field remains confined within the comparatively limited water
column available across the continental shelf. Along both transects, the SELcum
contours broadly follow the geometry of the seabed, with the vertical extent and
overall shape of the acoustic field varying in response to changes in local
bathymetry encountered along each propagation path.

dBSeaPE (parabolic equation)
Weighting: None
Frequency: 12.5 Hz to 1000.0 Hz

dBSELcum
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Figure 45: Vertical standardised SEL.;m propagation cross-sections for the shallow-water
source along the eastward (90°) propagation transect, derived from the broadband (12.5
Hz-1 kHz) simulation using a common 3,600-s assessment period for comparative
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propagation analysis. Source: 0sC (2026).
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Figure 46: Vertical standardised SEL.,n propagation cross-sections for the shallow-water
source along the south-eastward (135°) propagation transect, derived from the broadband
(12.5 Hz-1 kHz) simulation using a common 3,600-s assessment period for comparative
propagation analysis. Source: OSC (2026).

The deep-water cross-sections in Figure 47 and Figure 48 exhibited a
substantially larger vertical propagation domain associated with the greater water
depths surrounding the offshore source location. Elevated SELc.um contours occupied
a larger proportion of the water column over extended ranges, while the overall
geometry of the predicted acoustic field continued to reflect the large-scale
bathymetric structure encountered along the selected transects between the
offshore basin and the continental margin. Comparison of the two source
configurations demonstrated clear differences in the spatial extent of the predicted
acoustic field. Whereas the shallow-water scenario was characterised by
propagation within a relatively restricted water column, the deep-water scenario
displayed a considerably larger propagation volume extending through much
greater water depths. In both cases, the vertical distribution of SELc.um closely
followed the underlying seabed morphology represented within the numerical
model.

194

© Ocean Science Consulting Limited (OSC) 2026
COMMERCIAL IN CONFIDENCE
OSC_2026_GAR5_MMIA_v3.6.docx



&
&
GEOMAR

SUBTRANS Marine Mammal Impact Assessment

dBSeaPE (parabolic equation)
Weighting: None
Frequency: 12.5 Hz to 1000.0 Hz

0
dBSELcum
215 dBSELeum
210 dBSELeum
205 dBSELcum
200 dBSELcum 500
195 dBSELcum
190 dBSELcum
185 dBSELcum
180 dBSELcum b
175 dBSELcum ~.E. 1000
170 dBSELcum .5
165 dBSELcum Q.
160 dBSELcum d"'
155 dBSELcum
150 dBSELcum 1500
150 dBSELcum
145 dBSELcum
140 dBSELcum
- 135 dBSELcum
130 dBSELcum 2000
2500

50000 100000

Distance (m)

Figure 47: Vertical standardised SEL.;m propagation cross-sections for the shallow-water
source along the westward (270°) propagation transect , derived from the broadband (12.5
Hz-1 kHz) simulation using a common 3,600-s assessment period for comparative
propagation analysis. Source: OSC (2026).
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Figure 48: Vertical standardised SEL.,m propagation cross-sections for the shallow-water
source along the south-westward (225°) propagation transect, derived from the broadband
(12.5 Hz-1 kHz) simulation using a common 3,600-s assessment period for comparative
propagation analysis. Source: OSC (2026).
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Receiver-specific received SEL at mitigation-zone boundaries

To complement the spatial propagation analyses and evaluate received sound
levels at the mitigation-zone boundaries specified under the 2013 Code,
representative received SELs were evaluated at virtual receiver locations positioned
200 m, 1 km and 1.5 km from each source. These distances correspond to the
locations at which received sound levels are relevant to evaluation of the prescribed
mitigation zones.

The standardised 3,600-s SELc.um outputs used for the comparative spatial analyses
in Sections B.2.1-B.2.4 are not directly applicable to this comparison because the
planned seismic source will operate as a sequence of discrete impulsive shots at
approximately 10-15-s intervals rather than as a continuously active source
throughout the assessment period. Receiver-specific levels were therefore
evaluated from the existing propagation solutions using the corresponding 1-s
reference exposure (Count = 1). Received levels were referenced to a
representative broadband source SEL of 230.5 dB re 1 pPa2:s at 1 m, consistent
with the 5,420-in3 G-Gun array specified for the survey. The spectral distribution
used in the propagation modelling represents a simplified low-frequency source
spectrum for screening purposes and should not be interpreted as a measured or
detailed source-signature or directivity model of the operational array (Figure 49).

Figure 49: Representative broadband received Sound Exposure Level (SEL; 12.5 Hz-1 kHz)
at virtual receiver distances from source for the shallow- and deep-water propagation
scenarios. Receiver levels are presented as 1-s reference exposures (Count = 1) and
referenced to a representative broadband source SEL of 230.5 dB re 1 pyPa2-s at 1 m for the
5,420-in3 G-Gun array. The 2013 Code received-SEL criteria of 186 dB re 1 pPa2:s at 200
m and 171 dB re 1 pPa2:s at 1 km and 1.5 km are shown for comparison. Source: OSC
(2026).

Figure 49 shows that representative received SEL values decreased progressively
with increasing distance from both source locations. The rate of decrease varied
with propagation range, with relatively rapid reductions occurring close to the
source followed by a slightly more gradual decline at greater distances. Across the
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entire modelled range, received SEL values associated with the deep-water source
remained consistently higher than those obtained for the shallow-water source.
Separation between the two receiver profiles was maintained throughout the
propagation domain, indicating persistent differences in propagation behaviour
between the two representative source environments over the distances
considered. The receiver-based results were consistent with the broader spatial
patterns presented in the preceding sections and provide a quantitative comparison
of representative received SEL at the specified receiver distances. Importantly,
received levels at 200 m, 1 km and 1.5 km remained below the corresponding 2013
Code criteria in all modelled scenarios.

B.3. Discussion

The modelling results consistently demonstrated that bathymetric variability
exerted the primary control on regional acoustic propagation throughout the Cook
Strait study area. Rather than exhibiting radially symmetric transmission, the
predicted SELcwm fields showed pronounced directional dependence, with
substantial variations in propagation range occurring over relatively small changes
in azimuth. This behaviour was observed consistently for both source configurations
and across investigated frequency ranges, indicating that the surrounding seabed
morphology governed the spatial redistribution of acoustic energy to a much
greater extent than would be expected under simplified range-independent
conditions.

Directional envelopes and horizontal-propagation maps revealed that acoustic
energy propagated preferentially along specific sectors while experiencing
comparatively rapid attenuation in others. These directional differences coincided
closely with major geomorphological transitions surrounding the operational area,
including the continental shelf, steep shelf-breaks, submarine canyon systems, and
adjacent deep basins. Rather than acting as a uniform propagation environment,
the Cook Strait presented a highly heterogeneous acoustic waveguide in which local
bathymetric gradients, continuously modify propagation paths, bottom
interactions, and the cumulative transmission loss experienced by the acoustic
field.

The vertical propagation cross-sections further illustrated the influence of seabed
relief on sound transmission. Depending on propagation direction, acoustic energy
may remain confined within relatively deep-water columns over extended distances
or encounter rapidly shoaling bathymetry that increases bottom interaction and
accelerates energy loss. Consequently, propagation characteristics differed
substantially between azimuths, even for identical source parameters, emphasising
that local bathymetry should be regarded as a first-order control on regional sound
propagation.

These observations are consistent with the broader geological setting of Cook
Strait, which represents one of the world's most complex marine environments
owing to the transition between the Hikurangi subduction margin and the
Marlborough strike-slip fault system. The region is characterised by abrupt
bathymetric gradients, structurally controlled ridges, submarine canyons and deep
sedimentary basins, all of which contributed to strong spatial heterogeneity in
acoustic propagation conditions. Although the modelling was designed to evaluate
underwater sound transmission rather than geological processes, the close
correspondence between the predicted acoustic field and the regional physiography
demonstrates the importance of representing realistic bathymetry within numerical
propagation models for this area.
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B.3.1. Effect of source location and water depth on propagation behaviour

The comparison between the shallow- and deep-water source configurations
demonstrated that source depth exerted a fundamental influence on the predicted
regional propagation characteristics throughout Cook Strait. Although both
scenarios were modelled using identical environmental parameters, source spectra
and numerical propagation methodology, the resulting acoustic fields differed
markedly in their horizontal extent, directional variability, and vertical structure,
indicating that the surrounding water-column geometry strongly influenced the
evolution of the propagating sound field.

The shallow-water source consistently produced a comparatively restricted acoustic
footprint characterised by relatively rapid attenuation with increasing distance from
the source. The propagation maps showed that elevated standardised SELcum values
remained confined largely to the continental shelf environment, while the receiver
profiles demonstrated a correspondingly steeper reduction in modelled sound levels
over range. The vertical cross-sections further illustrated that propagation occurred
within a comparatively limited water column, with the predicted acoustic field
remaining closely associated with the local seabed morphology throughout the
modelled transects.

By contrast, the deep-water source generated a substantially broader regional
acoustic footprint, maintaining elevated standardised SEL.m values over
considerably greater propagation distances. This behaviour is consistently reflected
in the plan-view propagation maps, the directional envelopes, the mean
attenuation curves and the receiver-specific predictions. The vertical cross-sections
similarly demonstrated that the predicted acoustic field occupies a much larger
proportion of the available water column before encountering major bathymetric
transitions.

These contrasting propagation characteristics are consistent with fundamental
principles of underwater acoustics. In relatively shallow environments, repeated
interaction between the propagating wavefront, the seabed and the sea surface
increases the cumulative transmission loss and limits long-range propagation.
Conversely, greater water depths provide a substantially larger propagation
domain, allowing acoustic energy to travel over longer distances before repeated
boundary interactions become dominant. Similar differences between shallow- and
deep-water propagation have long been recognised in underwater acoustics and
are incorporated into modern numerical propagation models (Urick, 1983; Ainslie,
2010; Jensen et al., 2011).

It is important to recognise that the differences identified in this study arose solely
from changes in source location within the regional bathymetric framework. No
changes were introduced to the source spectrum, environmental properties or
propagation algorithm between the paired simulations. Consequently, the observed
differences in modelled propagation behaviour can be attributed directly to the
interaction between source depth and the highly heterogeneous bathymetric
environment represented within the numerical model. This finding highlights the
importance of selecting representative source locations when undertaking
environmental sound propagation assessments for offshore geophysical surveys,
particularly in regions characterised by strong bathymetric variability such as Cook
Strait.

198

© Ocean Science Consulting Limited (OSC) 2026
COMMERCIAL IN CONFIDENCE
0OSC_2026_GAR5_MMIA_v3.6.docx



)
GEOMAR

-
& SUBTRANS Marine Mammal Impact Assessment

B.3.2. Influence of frequency bandwidth on regional propagation

The comparison between the two broadband simulations demonstrates that
extending the upper modelling frequency from 250 Hz to 1 kHz modifies the
standardised modelled sound field throughout the study area while preserving the
principal spatial characteristics of the propagation field. Although the higher-
frequency simulations generally exhibit reduced spatial extents of elevated
standardised SEL.m values, the overall distribution of preferential propagation
pathways and regions of comparatively rapid attenuation remains remarkably
consistent between the two frequency ranges.

This behaviour is evident in both the regional propagation maps and the directional
propagation envelopes. The principal sectors of enhanced propagation identified in
the 12.5-250 Hz simulations remain recognisable when the upper frequency limit
is increased to 1 kHz, despite the overall contraction of the predicted acoustic
footprint. Likewise, sectors exhibiting comparatively rapid attenuation maintain
broadly similar spatial positions across both frequency ranges.

The preservation of these regional propagation patterns indicates that the large-
scale bathymetric framework exerts a stronger influence on the geometry of the
acoustic field than the relatively modest extension of the upper frequency limit
considered in the study. While increasing frequency content modifies the magnitude
and spatial extent of cumulative acoustic exposure, it does not fundamentally alter
the principal propagation pathways predicted within the Cook Strait environment.

From a physical perspective, this behaviour is consistent with established
underwater acoustic theory. Higher-frequency sound components generally
experience greater attenuation owing to increased absorption within the water
column and enhanced interaction with environmental boundaries, whereas lower-
frequency components propagate more efficiently over long distances (Urick, 1983;
Ainslie, 2010; Jensen et al., 2011) Consequently, inclusion of frequencies up to 1
kHz is expected to increase the overall transmission loss relative to simulations
restricted to 250 Hz. The modelling demonstrates that these frequency-dependent
effects primarily influence the spatial extent of the predicted acoustic field rather
than its overall directional organisation.

It should also be recognised that the upper frequency limit adopted for the principal
analyses was selected primarily to provide a conservative representation of the
broadband acoustic energy potentially associated with the proposed seismic source.
Although the dominant energy of large airgun arrays is concentrated below a few
hundred hertz, measurable acoustic energy extends into higher frequencies and
contributes to the cumulative sound exposure experienced within the marine
environment (Richardson et al., 1995; Ainslie, 2010). The 12.5 Hz-1 kHz
simulations therefore provide an appropriate basis for evaluating regional
transmission-loss behaviour while maintaining consistency with contemporary
approaches to environmental underwater noise assessment.
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B.3.3. Implications for regional seismic surveys

The principal objective of the transmission-loss modelling presented in the
appendix was to characterise the regional propagation of underwater sound
associated with the proposed seismic survey operations within Cook Strait.
Although the modelling was intentionally based on representative source
configurations rather than reproducing the detailed acoustic signature of a specific
airgun array, the results provide valuable insight into the principal environmental
controls governing sound propagation throughout the survey area.

One of the most significant findings of the study is that substantial differences in
modelled acoustic propagation arose solely from changes in source location within
the same regional environment. Under identical environmental parameters,
propagation methodology and source spectral characteristics, the shallow- and
deep-water scenarios produced markedly different acoustic footprints, directional
propagation patterns and receiver-specific modelled levels. These differences
emphasise that source location, local water depth and regional bathymetry should
be considered together when evaluating the potential spatial extent of underwater
sound generated during offshore geophysical operations.

The modelling further demonstrates that Cook Strait cannot be regarded as a single
acoustically homogeneous environment. Instead, the region comprises a
succession of continental shelf areas, steep bathymetric gradients, deep offshore
basins and structurally complex seabed features that collectively produce
substantial spatial variability in predicted sound transmission. This observation is
consistent with the geological framework of the SUBTRANS programme, which
targets one of the world's most complex transitions between active subduction and
strike-slip tectonics and consequently encompasses a correspondingly diverse
submarine landscape. Within such settings, site-specific numerical propagation
modelling provides a considerably more realistic representation of regional acoustic
transmission than simplified range-independent approaches.

The comparison between 12.5-250 Hz and 12.5-1 kHz simulations likewise
illustrates the value of evaluating multiple broadband frequency ranges during
environmental assessments. Although the principal propagation pathways remain
broadly consistent between the two modelling bands, extending the upper
frequency limit modifies the predicted broadband sound field and provides a more
comprehensive representation of broadband sound transmission throughout the
study area. Such comparisons improve confidence that the principal propagation
characteristics are robust and are not artefacts of a particular frequency selection.

Receiver-specific evaluation at the mitigation-zone boundaries provides a
complementary screening assessment to the regional propagation analyses. When
expressed using the 1-s reference exposure appropriate to the receiver-specific
comparison, the highest representative received SELs occurred under the deep-
water broadband scenario but remained below the corresponding 2013 Code
criteria at 200 m, 1 km and 1.5 km. This distinction between the standardised
3,600-s SELam fields used to compare regional propagation behaviour and the
receiver-specific SEL values used for comparison with the Code criteria is important
when interpreting the modelling outputs.

From an environmental assessment perspective, the modelling undertaken here
should therefore be viewed primarily as a regional characterisation of sound
transmission behaviour rather than as a prediction of operational acoustic exposure
under a single survey configuration. The representative source scenarios adopted
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in this study were specifically intended to examine the influence of contrasting
propagation environments within the study area, thereby providing a physically
consistent framework for interpreting how regional bathymetry and source location
influence the distribution of underwater sound.

B.4. Conclusions

The transmission-loss modelling undertaken for the Cook Strait region provides a
regional assessment of the principal factors controlling underwater sound
propagation within the SUBTRANS study area. Based on the numerical simulations
and subsequent analyses presented throughout this appendix, the following
principal conclusions can be drawn.

B.4.1. Regional bathymetry & dominant control on acoustic propagation

The standardised SEL«um distributions consistently demonstrate that propagation
throughout Cook Strait is strongly influenced by highly heterogeneous seabed
morphology. Directional variability observed in the propagation maps, polar
envelopes and vertical cross-sections indicates that regional bathymetric features
exert a first-order influence on the spatial redistribution of acoustic energy.

B.4.2. Source location and water depth influence regional propagation behaviour

Despite otherwise consistent environmental and representative source parameters,
the shallow- and deep-water source locations generated markedly different
acoustic footprints, propagation ranges and receiver-level profiles. The modelling
demonstrated that source location, local water depth and their interaction with
regional bathymetry are therefore important considerations when evaluating
underwater sound propagation within complex offshore environments.

B.4.3. Principal propagation pathways in investigated frequency ranges

Comparison between the 12.5-250 Hz and 12.5-1 kHz simulations showed that
extending the upper modelling frequency modified the standardised modelled
sound field while preserving its overall spatial organisation. The principal directional
propagation patterns therefore remained robust across the broadband frequency
ranges considered in this assessment.

B.4.4. Numerical propagation modelling & complex acoustic environments

The use of a range-dependent PE model enabled representation of the highly
variable bathymetry that characterises Cook Strait. The resulting simulations
demonstrate the importance of incorporating site-specific environmental conditions
into regional underwater sound assessments rather than relying upon simplified
propagation assumptions.
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B.4.5. Complementary visualisation & interpretation of model behaviour

The combination of plan-view propagation maps, polar directional envelopes, mean
directional attenuation profiles, vertical propagation cross-sections and receiver-
specific evaluations provides a complementary description of the simulated acoustic
field. Together, these outputs facilitate interpretation of regional propagation
behaviour from both spatial and quantitative perspectives. The receiver-specific
evaluation further showed that representative received SELs at 200 m, 1 km and
1.5 km remained below the corresponding 2013 Code criteria for all modelled
scenarios, with the highest levels occurring under the deep-water broadband
scenario.

The modelling presented in this appendix provides a technical basis for interpreting
the regional propagation environment relevant to the environmental assessment of
the proposed SUBTRANS seismic survey. The standardised 3,600-s SELcm fields
were used to characterise relative spatial and directional propagation behaviour
and should not be interpreted as predictions of operational cumulative exposure
from the planned impulsive seismic sequence. Receiver-specific comparison with
the 2013 Code criteria was therefore undertaken separately using representative
1-s received SELs, as described in Section B.2.5. Although the simulations
employed a simplified representative low-frequency source spectrum rather than a
fully characterised G-Gun array signature and directivity model, they identify the
principal regional controls governing underwater sound propagation throughout
Cook Strait and provide a physically consistent framework for interpreting
differences between the representative propagation environments considered.

Future refinement of the modelling could incorporate a fully characterised
operational source signature derived from dedicated seismic source modelling or
empirical source verification, allowing direct integration of array directivity, source-
depth effects and array-specific spectral characteristics into the regional
transmission-loss framework developed in the present study.
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APPENDIX C - SPECIES OF CONCERN
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Species of concern as outlined in Schedule 2 of the 2013 Code of Conduct (DOC,

2013).

Binomial name

Common name

Megaptera novaeangliae
Balaenoptera borealis

. edeni

. bonaerensis

. acutorostrata subsp.
. musculus

. physalus

. musculus brevicauda
Eubalaena australis
Caperea marginata
Lissodelphis peronii
Globicephala melas

G. macrorhynchus
Peponocephala electra
Physeter macrocephalus
Kogia sima

K. breviceps
Mesoplodon grayi
Berardius arnuxii
Ziphius cavirostris
Mesoplodon layardii
Hyperoodon planifrons
M. bowdoini

M. mirus

M. densirostris

M. ginkgodens

M. hectori

M. peruvianus
Tasmacetus shepherdi
Orcinus orca

Pseudorca crassidens
Feresa attenuata
Cephalorhynchus hectori
C. h. maui

Phocarctos hookeri
Tursiops truncatus

T Imm™

Humpback whale

Sei whale

Bryde’s whale

Antarctic minke whale
Dwarf minke whale

Blue whale

Fin whale

Pygmy blue whale
Southern right whale
Pygmy right whale
Southern Right-whale dolphin
Long-finned pilot whale
Short-finned pilot whale
Melon-headed whale
Sperm whale

Dwarf sperm whale
Pygmy sperm whale
Gray’s beaked whale
Arnoux’s beaked whale
Cuvier’s beaked whale
Strap-toothed whale
Southern bottlenose whale
Andrew’s beaked whale
True's beaked whale
Blainville's beaked whale
Ginkgo-toothed whale
Hector’s beaked whale
Pygmy/Peruvian beaked whale
Shepherd’s beaked whale
Killer whale

False killer whale

Pygmy killer whale
Hector’s dolphin

Maui’s dolphin

New Zealand sea lion
Bottlenose dolphin

Table 24: Species of concern. Source: DOC (2013).
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APPENDIX D — INACCURATE IMAGE GENERATED BY Al

Figure 50: Al-generated image of artificial marine mammal. Source: OSC (2026).
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