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Executive summary  
The purpose of this document is to present an environmental review of a Department of Defence (Defence) 
proposal to develop underwater training ranges (UTRs) in the gazetted waters adjacent to the Swanbourne 
and Lancelin military training areas (the Proposal). This review has been prepared as a supplementary report 
for referral of the Proposal to the Western Australia (WA) Environmental Protection Authority (EPA) under 
Section 38 of the Environmental Protection Act 1986 (EP Act) to provide the EPA with sufficient information 
to decide whether or not to assess the Proposal and if it decides to assess the Proposal, the level of 
assessment. As required by the Referral Instructions (Environmental Protection Authority, 2018c), this 
supplementary report follows the structure and requirements set out in the Instructions and template: 
Environmental Review Document (Environmental Protection Authority, 2018d). 

Defence is an Australian Government agency and must comply with all Commonwealth legislation; however, 
whether Defence is bound by State and Territory law is a complex issue and legal advice must be obtained 
on a case-by-case basis (Department of Defence, 2019a). Where the Commonwealth is not bound to 
comply, it will operate and secure approvals in accordance with Commonwealth measures which are at least 
the equivalent of state environment and planning laws, and endeavour to adopt ‘best’ practice’ standards in 
management of its environmental responsibilities (Bates, 2016). Under Defence’s ‘Good Neighbour’ policy, 
Defence has chosen to refer this Proposal to the EPA for assessment under the EP Act. 

Introduction 
Defence, on behalf of the Royal Australian Navy (RAN), propose to establish UTRs in the existing gazetted 
waters adjacent to the Swanbourne and Lancelin training areas to facilitate ongoing training of personnel in a 
range of underwater demolition operations. 

Relatively small (500 g or less) charges are proposed for use at Swanbourne, with a focus on training for 
dive skills and the technical aspects of deployment of underwater detonations. Larger charges (up to 5 kg) 
would be used at Lancelin, with a focus on targeting and testing of detonation effect. The UTRs would have 
a temporary mooring used to secure and suspend simulated targets and charges. Charges will be situated at 
least 1 m above the seafloor, and the depth of the detonation will typically be 8 m (water depth permitting). 
The proposed sites would be used for an average of two to three training exercises per year. Each exercise 
would last a maximum of two days, with up to five detonations per day. 

Background and context 
Currently, there are no appropriate training facilities for underwater demolitions in WA, and instead members 
of the Australian Defence Force (ADF) (including the Australian Clearance Diving Team (AUSCDT) and 
Special Air Service Regiment (SASR)) travel interstate or overseas for training, adding to the logistic and 
cost burden. Underwater training exercises were conducted at Rottnest and Garden Islands in the late-1980s 
to early-1990s, however these areas are no longer available. In Australia, underwater demolitions training is 
currently conducted at the Royal Australian Navy Diving School at HMAS Penguin (New South Wales) or at 
Triangular Island, Shoalwater Bay (Queensland). 

Overview of the Proposal 
The primary option under consideration is the use of the Swanbourne and Lancelin gazetted Defence 
Practice Areas. This ensures that the facilities are located within areas under the jurisdiction of Defence, 
currently gazetted for training, and are also within two hours travel time of a medical surgical hospital, to 
meet safety criteria for the training proposed. It is acknowledged that whilst Swanbourne has the advantage 
of being close to Campbell Barracks there are clear limitations as to the size of charges that can be used at 
Swanbourne due to the suburban nature of the area when compared to the more remote Lancelin facility. A 
summary of the proposal is provided in Table ES0-1 below.  



 

Project number EST04718 File EST04718_EPA Referral_Rev0.docx, 2020-04-06 Revision 0  2 

Table ES0-1.  Summary of the Proposal 

Proposal title Underwater Training Program 

Proponent name Department of Defence 

Short description Defence is proposing to establish underwater training ranges (UTRs) in the gazetted waters 
adjacent to the Swanbourne and Lancelin military training areas to facilitate ongoing training 
of personnel in a range of underwater demolition operations. 

It is proposed to vary the location of training events within the Operational Envelope of each 
UTR. The ranges would support training for the WA Police force and other 
interstate/international forces, as appropriate, in addition to Defence personnel. 

 

Relatively small charges (0.5 kg or less) will be used at Swanbourne UTR where the primary focus will be on 
training for dive skills and technical aspects associated with the deployment of underwater detonations. 
Larger charges (up to 5 kg) will be used at the Lancelin UTR for targeting and testing of detonation effect. 
Charges proposed for use at both sites are smaller than used in actual demolitions. Scenarios have been 
considered to consolidate all functions at one site, but both sites are referred for operational flexibility and to 
avoid dependence on a single training site. A summary of the defining operational criteria for each site is 
identified in Table ES0-2 below. 

Table ES0-2.  Location and proposed extent of physical and operational elements 

Element Location Proposed extent 

Physical elements  
Both Facilities Swanbourne  

Figure 2-1 

Lancelin 
Figure 2-2 

100 m2 Training Footprint (10 m x 10 m), located within the 
Operational Envelope. 

Detonations at least 1 m above the seafloor, and typically at a 
depth 8 m (water depth permitting) 

Indicative locations for Swanbourne Defence Training Area and 
Lancelin Defence Training Area shown in  

Figure 2-1 and Figure 2-2 respectively. 

Two temporary buoys, one at detonation site and second at a 
stand-off distance for vessel mooring. 

Operational elements  

Both Facilities Swanbourne  

Figure 2-1 

Lancelin 
Figure 2-2 

Average of two to three training exercises per year. Each 
exercise would last a maximum of 2 days with 3 to 5 
detonations per day. No more than 10 days of training 
exercises per year at each UTR. 

Swanbourne Defence 
Training Area 

 

Figure 2-1 

Maximum charge used in any single detonation will be 0.5 kg, 
however charges will more commonly be in the range of 100-
250 g. 

Lancelin Defence 
Training Area 

Figure 2-2 Maximum charge used in any single detonation will be 5.0 kg 

 

An alternative arrangement is the practise of ‘dry or dummy runs’ where dummy charges are set with no 
detonation. However, the learning outcomes from this are considered minimal as the operators would not 
observe the effect of the detonations. A second alternate is the use of a natural or man-made lake. However, 
this is not as realistic as ocean and fresh water affect diving buoyancy differently. 
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Summary of potential impacts, proposed mitigation and 
outcomes 

An assessment of potential environmental factors against the EPA’s Statement of Environmental Principles, 
Factors and Objectives (Environmental Protection Authority, 2018e) identified the following key and other 
environmental factors which were considered as part of this Proposal: 

◼ Key Factors 

− Benthic Communities and Habitats (Section 4.2) 

− Marine Environmental Quality (Section 4.3) 

− Marine Fauna (Section 4.4). 

◼ Other Environmental Factors 

− Human Health (Section 5.1) 

− Social Surroundings (Section 5.2) 

As discussed in Section 4.2 (Benthic Communities and Habitats) (BCH), the Proposal is unlikely to result in 
the net long-term loss of benthic communities and habitat. The Training Footprint would be located over bare 
sand / sparse seagrass (<25% vegetative cover) BCH, as far away as practicable from any nearby seagrass 
meadows (>25% vegetative cover) or limestone reefs, within the Proposed Operational Envelope at each 
site. As a minimum, a buffer of 25 m at Swanbourne and 50 m at Lancelin will be in effect for seagrass 
meadows and limestone reefs. In seasons where areas meeting this siting criteria cannot be located at 
Swanbourne, all training will be held at Lancelin. The flexibility to adjust the location of the Training Footprint 
enables the proposed training to avoid seasonally variable seagrass areas, and also limit any cumulative 
effects on BCH by moving the training footprint as needed. The indirect impacts of turbidity and 
sedimentation on seagrasses and other BCH are considered temporary and comparatively minor against the 
natural hydrodynamic processes.  

As discussed in Section 4.3 (Marine Environmental Quality), the chemical constituents of the proposed 
charges break down rapidly in sediment. As breakdown products are weakly hydrophobic, they readily 
partition to the water column and become diluted in the marine environment. As such, no toxicity or 
bioaccumulation or sediment build-up from any trace amounts of detonation charge is expected.  

As discussed in Section 4.4 (Marine Fauna), it is predicted that potential impacts to marine fauna from 
detonations during training will amount to minor temporary disruption of very limited spatial extent and 
therefore do not pose a substantive risk to marine fauna within the Project area. While impacts to marine 
invertebrates and fish will be unavoidable, appropriate management would be anticipated to minimise loss; 
and mortalities arising from the Proposal are not considered to be significant at the local and regional 
population levels. With proposed management measures, impacts to larger fish (both direct and indirect), 
marine mammals, turtles, and birds should be largely avoidable.  

For human health and social surroundings (discussed in Sections 5.1 and 5.2), impacts are largely avoidable 
through the design of the program and existing controls at Defence facilities, resulting in no to negligible 
impacts. The Proposal will avoid any potential barotrauma and hearing impacts to Defence personnel as well 
as any members of the public through existing communication pathways and safeguards around public 
access and use of Defence training areas. The Proposal is not predicted to have any significant impacts on 
social surroundings, as Defence facilities are already buffered from sensitive receptors and the program is 
consistent with existing programs that already effectively manage impacts on public access, visual context, 
noise, and heritage.  

Defence considers potential impacts to key environmental factors can be appropriately managed through the 
implementation of proposed management measures. The spatial flexibility of training locations and low 
number of training events over each year are not expected to contribute to long term cumulative impacts 
from training in the Operational Envelope. 

Table ES0-3 provides a summary of the impact assessment and predicted outcomes of the Proposal in 
relation to the EPA’s objectives for each factor.  
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Table ES0-3.  Summary of potential impacts, proposed mitigation and outcomes 

Benthic Communities and Habitats 

EPA objective To protect benthic communities and habitats so that biological diversity and ecological 
integrity are maintained. 

Policy and guidance Legislative instruments 

◼ Biodiversity Conservation Act 2016 (BC Act) (WA) 

◼ Environmental Protection Act 1986 (EP Act) (WA) 

◼ Fish Resources Management Act 1994 (FRM Act) (WA) 

◼ Conservation and Land Management Act 1984 (CALM Act) (WA) 

◼ Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) (Cth) 

EPA policy and guidance  

◼ Statement of Environmental Principles, Factors and Objectives (Environmental 
Protection Authority, 2018e) 

◼ Environmental Factor Guideline: Benthic Communities and Habitats (Environmental 
Protection Authority, 2016a) 

◼ Environmental Factor Guideline: Marine Environmental Quality (Environmental 
Protection Authority, 2016c) 

◼ Technical Guidance: Protection of Benthic Communities and Habitats (Environmental 
Protection Authority, 2016i) 

◼ Technical Guidance Protecting the Quality of Western Australia’s Marine Environment 
(Environmental Protection Authority, 2016h) 

Other policy and guidance 

◼ “Appendix B: Potentially contaminating industries, activities and land uses” in 
Assessment and management of contaminated sites: Contaminated sites guidelines 
(Department of Environment Regulation, 2014) 

◼ Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 
2018) 

◼ A Directory of Important Wetlands in Australia (Environment Australia, 2001) 

Potential impacts ◼ direct loss of BCH through:  

− physical removal of BCH within the detonation crater 

− blast damage to BCH in the immediate vicinity of the detonation, including 
subsequent dieback 

− Mortality of benthic invertebrates 

◼ indirect impacts to BCH due to: 

− changes in marine environmental quality 

◼ introduction of toxicants associated with detonation materials, which may 
contaminate the water column and sediments and impact organisms 

◼ release of physical debris associated with detonation materials and targets, 
which may damage benthic communities 

◼ periods of increased turbidity and sediment deposition following detonations, 
which may reduce light availability and smother organisms 

◼ introduction of contaminants from hydrocarbons and other spills 

− reduced recruitment and diversity of corals 

− differences in sensitivity between macroalgae and seagrass species may lead to 
altered community composition and structure 
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− physical disturbance to sediment structures may destroy or alter microhabitats, and 
injure or displace infauna 

− sound, pressure and vibration impacts upon benthic invertebrates may alter 
behaviours and abundance 

◼ cumulative impacts of this Proposal with other proposals 

Mitigation Avoid:  

◼ Siting of Training Footprints: While the avoidance of any crater radii is not possible, 
this impact is considered recoverable by siting training exercises over areas of 
unconsolidated sediment with less than 25% vegetative cover.  

The Training Footprint would be located as far away as practicable from any nearby 
seagrass meadows or limestone reefs (at least 25 m at Swanbourne and 50 m at 
Lancelin). In seasons where areas meeting this siting criteria cannot be located at 
Swanbourne, all training will be held at Lancelin. 

The flexibility to adjust the location of the Training Footprint enables Defence to reduce 
the frequency with which areas are used for military training, thus allowing for 
regeneration of vegetation and substrate and minimising cumulative impacts. 

Minimise: 

◼ Placement of charges in the water column: detonations would occur at least 1 m 
above the seafloor. 

◼ Size of charges: The proposed charge weights have been selected to achieve training 
objectives while also minimising potential impacts to the receiving environment. While 
the allowance at Swanbourne is for charges up to 500 g, charges will be more 
commonly in the range of 100-250 grams. Training at Lancelin would use charges up to 
5 kg. 

Rehabilitate: 

◼ Not required 

Management: 

◼ Effectiveness would be monitored with photographs pre- and post-training for the first 
two years. 

◼ Defence will undertake annual reporting on UTR operations. 

Outcomes Residual Impact:  

The Proposal is not predicted to have any significant residual impacts on benthic 
communities and habitats. The Proposal is unlikely to result in the net long-term loss of 
BCH. Physical disturbance of benthic substrate and habitat is expected to be minimal, 
given that detonations would occur a minimum distance of 1 m above the seafloor and the 
Training Footprint would be located as far away as practicable from any nearby seagrass 
meadows or limestone reefs (at least 25 m at Swanbourne and 50 m at Lancelin). Flexibility 
to adjust the location of the Training Footprint enables the proposed training to avoid 
seasonally variable seagrass areas, and also limit any cumulative effects on BCH by 
moving the training footprint as needed.  

Some cratering and loss/dieback of sparse seagrass may occur within the immediate 
proximity of the detonation; however, like the indirect impacts of turbidity and 
sedimentation, this is considered temporary and comparatively minor against the natural 
hydrodynamic processes. Disturbed sediments are likely to be rapidly recolonised by 
benthic invertebrates from the surrounding area, and sediment structure and associated 
microhabitats would be restored with infauna activity. Invertebrates are highly resistant to 
underwater detonations and impacts on species such as the WRL and abalone are 
minimised by the Training Footprint BCH siting criteria. Mortality and sublethal impacts from 
the Proposal are not considered to be significant at the local and regional population levels 

Offset:  

No offsets are proposed for this environmental factor 
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Marine Environmental Quality 

EPA objective To maintain the quality of water, sediment and biota so that environmental values are 
protected. 

Policy and guidance Legislative instruments 

◼ EP Act 

◼ Contaminated Sites Act 2006 (WA) 

◼ EPBC Act 

EPA policy or guidance 

◼ Statement of Environmental Principles, Factors and Objectives (Environmental 
Protection Authority, 2018e) 

◼ Environmental Factor Guideline: Marine Environmental Quality (Environmental 
Protection Authority, 2016c) 

◼ Technical Guidance: Protection of Benthic Communities and Habitats (Environmental 
Protection Authority, 2016i) 

◼ Technical Guidance Protecting the Quality of Western Australia’s Marine Environment 
(Environmental Protection Authority, 2016h) 

Other policy or guidance 

◼ Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 
2018) 

◼ A Directory of Important Wetlands in Australia (Environment Australia, 2001) 

◼  “Appendix B: Potentially contaminating industries, activities and land uses” in 
Assessment and management of contaminated sites: Contaminated sites guidelines 
(Department of Environment Regulation, 2014) 

Potential impacts ◼ direct impacts through:  

− introduction of contaminants from hydrocarbons and other spills 

− introduction of toxicants associated with detonation materials 

− release of physical debris associated with detonation materials and targets 

− periods of elevated turbidity due to benthic disturbance 

◼ indirect impacts through: 

− long term accumulation of contaminants from detonation charges in sediments and 
fauna 

− periods of elevated turbidity due to benthic disturbance 

◼ cumulative impacts of this Proposal with other proposals 

Mitigation Avoid:  

◼ Avoidance is not possible 

Minimise:  

◼ Post-training clean-up: As far as practicable, all materials and debris (above and 
below water) from the training exercises would be removed and disposed of, and any 
fauna casualties collected.  

◼ Size of charges: The proposed charge weights have been selected to achieve training 
objectives while also minimising potential impacts to the receiving environment. While 
the allowance at Swanbourne is for charges up to 500 g, charges will be more 
commonly in the range of 100-250 g. Training at Lancelin would use charges up to 5 kg. 

Rehabilitate: 

◼ Not required 
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Management: 

◼ Effectiveness would be monitored with photographs pre- and post-training for the first 
two years. 

◼ Defence will undertake annual reporting on UTR operations. 

◼ Defence recognises that the Water Corporation requires access to Swanbourne for 
compliance water monitoring, and Defence will factor the monitoring schedule into the 
Swanbourne UTR program accordingly. 

Outcomes Residual Impact:  

The Proposal is not predicted to have any significant residual impacts on marine 
environmental quality. The chemical constituents of the proposed charges break down 
rapidly in sediment. As breakdown products are weakly hydrophobic, they readily partition 
to the water column and become diluted in the marine environment. As such, no toxicity or 
bioaccumulation or sediment build-up from any trace amounts of detonation charge is 
expected. There are no cumulative effects predicted as a result of this Proposal, either on 
its own or with other projects in the area. 

Offset:  

No offsets are proposed for this environmental factor 

Marine Fauna 

EPA objective To protect marine fauna so that biological diversity and ecological integrity are maintained. 

Policy and guidance Legislative instruments 

◼ BC Act 

◼ EP Act 

◼ FRM Act 

◼ EPBC Act 

EPA policy or guidance 

◼ Statement of Environmental Principles, Factors and Objectives (Environmental 
Protection Authority, 2018e). 

◼ Environmental Factor Guideline: Marine Fauna (Environmental Protection Authority, 
2016d). 

Other policy or guidance 

◼ National recovery plan for threatened albatrosses and giant petrels 2011-2016 
(Department of Sustainability, Environment, Water, Population and Communities, 
2011c). 

◼ Background Paper, Population Status and Threats to Albatrosses and Giant Petrels 
Listed as Threatened under the Environment Protection and Biodiversity Conservation 
Act 1999 (Department of Sustainability, Environment, Water, Population and 
Communities, 2011b). 

◼ EPBC Act Policy Statement 2.1 – Interaction between offshore seismic exploration and 
whales (Department of the Environment, Water, Heritage and the Arts, 2008c). 

◼ Background paper to EPBC Act Policy Statement 2.1 – Interaction between offshore 
seismic exploration and whales (Department of the Environment, Water, Heritage and 
the Arts, 2008b). 

◼ Australian National Guidelines for Whale and Dolphin Watching 2017 (Department of 
the Environment and Energy, 2017a). 

◼ Matters of National Environmental Significance: Significant impact guidelines 1.1 - 
Environment Protection and Biodiversity Conservation Act 1999 (Department of the 
Environment, 2013a). 
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◼ South-east marine region profile: A description of the ecosystems, conservation values 
and uses of the South-east Marine Region (Department of the Environment, 2015c). 

◼ Survey guidelines for Australia’s threatened birds: Guidelines for detecting birds listed 
as threatened under the Environment Protection and Biodiversity Conservation Act 
1999 (Department of the Environment, Water, Heritage and the Arts, 2010). 

◼ Migratory Shorebirds of the East Asian - Australasian Flyway; Population Estimates and 
Internationally Important Sites (Bamford, Watkins, Bancroft, Tischler, & Wahl, 2008). 

◼ Revision of the East Asian-Australasian Flyway Population Estimates for 37 listed 
Migratory Shorebird Species (Hansen, et al., 2016). 

◼ Wildlife Conservation Plan for Migratory Shorebirds (Commonwealth of Australia, 2015). 

◼ EPBC Act Policy Statement 3.21 - Industry Guidelines for avoiding, assessing and 
mitigating impacts on EBBC Act listed migratory shorebird species (Department of the 
Environment and Energy, 2017b). 

◼ Draft referral guideline for 14 birds listed as migratory species under the EPBC Act 
(Department of the Environment, 2015b) 

◼ Survey guidelines for Australia’s threatened fish: Guidelines for detecting fish listed as 
threatened under the Environment Protection and Biodiversity Conservation Act 1999 
(Department of Sustainability, Environment, Water, Population and Communities, 
2011d). 

◼ Background Paper: Population Status and Threats to Albatrosses and Giant Petrels 
Listed as Threatened under the Environment Protection and Biodiversity Conservation 
Act 1999 (Department of Sustainability, Environment, Water, Population and 
Communities, 2011b). 

◼ Issues Paper for the Grey Nurse Shark (Carcharias taurus) (Department of the 
Environment, 2014a) 

◼ Species group report card – pinnipeds: Supporting the marine bioregional plan for the 
South-west Marine Region (Department of Sustainability, Environment, Water, 
Population and Communities, 2012e). 

◼ Species group report card – bony fishes: Supporting the marine bioregional plan for the 
South-west Marine Region (Department of Sustainability, Environment, Water, 
Population and Communities, 2012b) 

◼ Species group report card – sharks: Supporting the marine bioregional plan for the 
South-west Marine Region (Department of Sustainability, Environment, Water, 
Population and Communities, 2012g) 

◼ Species group report card – cetaceans: Supporting the marine bioregional plan for the 
South-west Marine Region (Department of Sustainability, Environment, Water, 
Population and Communities, 2012c) 

◼ Species group report card – marine reptiles: Supporting the marine bioregional plan for 
the South-west Marine Region (Department of Sustainability, Environment, Water, 
Population and Communities, 2012d) 

◼ Species group report card – seabirds: Supporting the marine bioregional plan for the 
South-west Marine Region (Department of Sustainability, Environment, Water, 
Population and Communities, 2012f) 

Potential impacts ◼ direct impacts through:  

− mortality and injury of marine fauna (pressure/noise/vibration) 

◼ indirect impacts through:  

− changes in marine fauna behaviour/hearing damage (pressure/noise/vibration) 

− stressor effects on marine fauna (pressure/noise/vibration) 

− changes in marine environmental quality 

◼ introduction of toxicants associated with detonation materials, which may have 
toxicity effects on marine fauna 
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◼ release of physical debris associated with detonation materials and targets, 
which may injure fauna 

◼ introduction of contaminants from hydrocarbons and other spills 

◼ periods of increased turbidity and sediment deposition following detonations, 
which may reduce light availability and smother BCH 

◼ cumulative impacts of this Proposal with other proposals 

Mitigation Avoid:  

◼ Daily timing of training exercises: Training to be conducted under daylight conditions 
(to assist with visual mitigation measures). No sooner than 1 hr after sunrise and no 
later than 1 hr prior to sunset. This also avoids impact to WRL (nocturnal forager). 

◼ Seasonal timing of training exercises: Where practicable, training exercises 
undertaken would be outside of the peak Humpback Whale annual southbound 
migration period (i.e. outside of September to November). 

Minimise:  

Marine fauna safe zone monitoring: Fauna movements prior to and during training 
will be monitored in accordance with existing Defence marine fauna observation 
protocols, which include the use of spotters trained in marine fauna observation. 

The charge is not to be detonated unless the area is deemed clear of large marine 
fauna and birds to the designated distances. Boats, aircraft or scare charges are not to 
be used to move marine fauna out of the area.  

◼ Placement of charges in the water column: detonations would occur at least 1 m 
above the seafloor. 

◼ Size of charges: The proposed charge weights have been selected to achieve training 
objectives while also minimising potential impacts to the receiving environment. While 
the allowance at Swanbourne is for charges up to 500 g, charges will be more 
commonly in the range of 100-250 g. Training at Lancelin would use charges up to 5 kg. 

◼ Siting of Training Footprints: Avoiding impacts on BCH by siting training footprints 
over areas of unconsolidated sediment with less than 25% vegetative cover is 
anticipated to minimise fauna (including fish) present during training exercises. 

The Training Footprint would be located as far away as practicable from any nearby 
seagrass meadows or limestone reefs (at least 25 m at Swanbourne and 50 m at 
Lancelin). In seasons where areas meeting this siting criteria cannot be located at 
Swanbourne, all training will be held at Lancelin. 

The flexibility to adjust the location of the Training Footprint enables Defence to reduce 
the frequency with which areas are used for military training, thus minimising cumulative 
impacts.  

◼ Post-training clean-up: As far as practicable, all materials and debris (above and 
below water) from the training exercises would be removed and disposed of, and any 
fauna casualties collected. 

Rehabilitate:  

◼ Not required 

Management: 

◼ Effectiveness would be monitored with photographs pre- and post-training for the first 
two years. 

◼ Defence will undertake annual reporting on UTR operations. 

◼ Fauna movements prior to and during training will be monitored in accordance with 
existing Defence marine fauna observation protocols. 

◼ Report any observations of injury/disturbance of any large marine fauna or birds by 
signal to AUSFLTSAFETY (SIC 12C/ELS), and detail date/time, location, nature of 
incident, avoidance action taken, species/type of animal, and observed 
response/injuries. 
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Outcomes Residual Impact:  

The Proposal is not predicted to have any significant residual impacts on marine fauna. It is 
predicted that potential impacts to marine fauna from detonations during training will 
amount to minor temporary disruption of very limited spatial extent and therefore do not 
pose a substantive risk to marine fauna within the Project area. While impacts to marine 
invertebrates and fish will be unavoidable, appropriate management would be anticipated 
to minimise loss; and mortalities arising from the Proposal are not considered to be 
significant at the local and regional population levels given the small number of training 
exercises and flexibility of the Training Footprint location. With appropriate management, 
impacts to larger fish, marine mammals, turtles, and birds should be largely avoidable.  

Offset:  

No offsets are proposed for this environmental factor 

Human Health 

EPA objective To protect social surroundings from significant harm. 

Policy and guidance Legislative instruments 

◼ EPBC Act 

EPA policy and guidance 

◼ Statement of Environmental Principles, Factors and Objectives (Environmental 
Protection Authority, 2018e). 

◼ Environmental Factor Guideline: Human Health (Environmental Protection Authority, 
2016b). 

Other policy and guidance 

◼ Royal Australian Navy Explosive Demolition Manual (Royal Australian Navy, 2009). 

◼ Mariner’s Handbook for Australian Waters (APH20) (Department of Defence, 2019b). 

◼ Military Firing Practice and Exercise Areas (Department of Defence, 2019c). 

Potential impacts ◼ Barotrauma, potentially resulting in death 

◼ Hearing impairment 

Mitigation Avoid:  

◼ Siting of Operational Envelopes: All underwater detonation training exercises will be 
conducted within the gazetted waters adjacent to the established Defence areas at 
Swanbourne and Lancelin. These areas have been used for Defence training activities 
since at least the 1950s, and there are well-established communication pathways and 
safeguards around commercial and general public access and use of these areas, and 
the gazetted waters are clearly demarcated in publicly available nautical charts.  

◼ Communication channels: Military Firing Practice and Exercise Areas are included 
within Section 10.10.1 of the Mariner’s Handbook for Australian Waters (Department of 
Defence, 2019b) and Defence also publishes a fact sheet on Military Firing Practice and 
Exercise Areas (Department of Defence). Vessels approaching weapons practice areas 
are requested to maintain a radio listening watch. Where possible, activities affecting 
areas of surface navigation are issued via Notices to Mariners (NTM) (or Temporary 
Notices to Mariners (TNTM); AUSCOAST (coastal areas) or NAVAREA X (longer 
range) radio-navigational warnings (Department of Defence, 2019c). 

◼ No public access during training exercises: As per existing Defence processes, 
members of the public will not be permitted on the beach or within the gazetted waters 
during training exercises. The beach area in front of the barracks will be closed to the 
public, with manned sentries to the north and south of the beach. 

◼ Clear range procedures: Defence follows clear range procedures, which means that 
no firings can be undertaken where a risk exists to any vessel in the area (Department 
of Defence, 2019b; Department of Defence, 2019c). 
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◼ Timing of training exercises: Training to be conducted under daylight conditions (to 
assist with visual mitigation measures). No sooner than 1 hr after sunrise and no later 
than 1 hr prior to sunset. 

Minimise: 

◼ Size of charges: The proposed charge weights have been selected to achieve training 
objectives while also minimising potential impacts to the receiving environment, 
including human health. While the allowance at Swanbourne is for charges up to 500 g, 
charges will be more commonly in the range of 100-250 grams. Training at Lancelin 
would use charges up to 5 kg. 

Rehabilitate: 

◼ Not required 

Management: 

◼ All underwater detonations shall be managed in accordance with the command 
information and safety regulations documented in the Royal Australian Navy Explosive 
Demolition Manual (Royal Australian Navy, 2009). The underwater detonations will be 
under the strict guidance and responsibility of the nominated Demolitions Officer who 
shall be supported by the nominated Demolition Safety Supervisor. 

◼ Defence will undertake annual reporting on UTR operations. 

Outcomes Residual Impact:  

The Proposal is not predicted to have any significant residual impacts on human health. 
The Proposal will avoid any potential barotrauma and hearing impacts to Defence 
personnel as well as any members of the public through existing communication pathways 
and safeguards around public access and use of Defence training areas.  

Offset:  

No offsets are proposed for this environmental factor 

Social Surroundings 

EPA objective To protect human health from significant harm. 

Policy and guidance Legislative instruments 

◼ Aboriginal Heritage Act 1972 (WA) 

◼ Underwater Cultural Heritage Act 2018 (Cth) 

◼ EPBC Act 

EPA policy and guidance 

◼ Statement of Environmental Principles, Factors and Objectives (Environmental 
Protection Authority, 2018e). 

◼ Environmental Factor Guideline: Social Surroundings (Environmental Protection 
Authority, 2016e). 

Other policy and guidance 

◼ Defence Environmental Strategy 2016-2036 (Department of Defence, 2016b) 

◼ Environment and Heritage Manual (Department of Defence, 2019a) 

Potential impacts ◼ Restricted access to recreational areas 

◼ Visibility of training exercises 

◼ Noise impacts to amenity 

◼ Impacts upon recreational and commercial activities (e.g. swimming, diving, fishing, 
whale-watching) 

 

 



 

Project number EST04718 File EST04718_EPA Referral_Rev0.docx, 2020-04-06 Revision 0  12 

Mitigation Avoid:  

◼ Siting of Operational Envelopes: All underwater detonation training exercises will be 
conducted within the gazetted waters adjacent to the established Defence areas at 
Swanbourne and Lancelin. These areas have been used for Defence training activities 
since at least the 1950s, and there are well-established communication pathways and 
safeguards around public access and use of these areas, and the gazetted waters are 
clearly demarcated in publicly available nautical charts. Under existing Defence 
processes, members of the public are not permitted in the area during live-fire 
exercises.  

Defence will issue NTM/TNTM in line with existing operating procedures. 

Minimise 

◼ Timing of training exercises: Training to be conducted under daylight conditions (to 
assist with visual mitigation measures). No sooner than 1 hr after sunrise and no later 
than 1 hr prior to sunset. Additionally, where practicable, training exercises would be 
undertaken outside of the peak Humpback Whale annual southbound migration period 
(i.e. outside of September to November). 

◼ Siting of Training Footprints: The Training Footprint would be located as far away as 
practicable from any nearby seagrass meadows or limestone reefs (at least 25 m at 
Swanbourne and 50 m at Lancelin). In seasons where areas meeting this siting criteria 
cannot be located at Swanbourne, all training will be held at Lancelin. 

The flexibility to adjust the location of the Training Footprint enables Defence to reduce 
the frequency with which areas are used for military training, thus allowing for 
regeneration of vegetation and substrate and minimising cumulative impacts. 

◼ Size of charges: The proposed charge weights have been selected to achieve training 
objectives while also minimising potential impacts to the receiving environment, 
including visibility of exercises. While the allowance at Swanbourne is for charges up to 
500 g (surface expression limited to some light bubbles), charges will be more 
commonly in the range of 100-250 g (no visible surface expression). Training at 
Lancelin would use charges up to 5 kg (characteristic splash, albeit not a vigorous 
splash, at surface due to rapid expansion of gas with the initial pressure wave). 

◼  Post-training clean-up: As far as practical, all materials and debris (above and below 
water) from the training exercises would be removed and disposed of, and any fauna 
casualties collected.  

Rehabilitate 

◼ Not required 

Management 

◼ Effectiveness would be monitored with photographs pre- and post-training for the first 
two years. 

◼ Defence will undertake annual reporting on UTR operations. 

Outcomes Residual Impact:  

The Proposal is not predicted to have any significant residual impacts on social 
surroundings. Defence facilities are already buffered from sensitive receptors and the 
program is consistent with existing programs that already effectively manage impacts on 
public access, visual context, noise, and heritage. 

Offset:  

No offsets are proposed for this environmental factor 
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Acronyms 
Acronym Description 

ACMC Aboriginal Cultural Material Committee 

ADF Australia Defence Force. Under the Defence Act 1903, the ADF consists of the Royal Australian 
Navy (RAN), the Australian Army, and the Royal Australian Air Force (RAAF). 

ADNT amino-dinitrotoluene (a major degradation product of TNT) 

AH Act Aboriginal Heritage Act 1972 

APH20 Mariner’s Handbook for Australian Waters 

ANZECC Australian and New Zealand Environment and Conservation Council 

ARMCANZ Agriculture and Resource Management Council of Australia and New Zealand 

AUSCDT Australian Clearance Diving Team 

BC Act Biodiversity Conservation Act 2016 (WA) 

BCH benthic communities and habitat 

BIA biologically important area 

CALM Act Conservation and Land Management Act 1984 (WA) 

CAR comprehensive, adequate and representative 

CITES Convention on International Trade in Endangered Species 

Cth Commonwealth 

DANT diamino-nitrotoluenes (a major degradation product of TNT) 

DAWE Department of Agriculture, Water and the Environment (Cth) 

db decibel (measure of sound levels) 

DBCA Department of Biodiversity, Conservation and Attractions (WA) 

Defence Department of Defence 

DOB Depth of Burst 

DPIRD Department of Primary Industries and Regional Development (WA) 

DPLH The Department of Planning, Lands, and Heritage 

DWER Department of Water and Environment (WA) 

EEC Environmental Clearance Certificate 

EEZ Exclusive Economic Zone. The waters between 12 and 200 nautical miles of the territorial sea 
baselines. Within the EEZ, Australia has the right to explore and exploit living and non-living 
resources, and the responsibility to protect and conserve the marine environment.  

EIA environmental impact assessment 

ENSO El Niño–Southern Oscillation 

EP Act Environmental Protection Act 1986 (WA) 

EPA Environmental Protection Authority (WA) 

EPBC Act Environment Protection and Biodiversity Conservation Act 1999 (Cth) 

EQC Environmental Quality Criteria 

EQMF Environmental Quality Management Framework 

ER Environmental Report (Defence approvals document) 

ERD Environmental Review Document 

et al.  and others 

FHPA Fish Habitat Protection Area 

Fisheries Department of Primary Industries and Regional Development - Fisheries 

FRM Act Fish Resources Management Act 1994 (WA) 

Ha Hectare 

HEPA high ecological protection area 
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Acronym Description 

HMX octogen (octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) (a high-explosive) 

IMCRA Interim Marine and Coastal Regionalisation for Australia. 

IUCN International Union for the Conservation of Nature (now the World Conservation Union). 

kg kilogram 

km kilometre 

lb pound (1 lb is approximately equal to 0.454 kg) 

LD lethal dose 

LD10 exposure level (or “lethal dose”) which kills 10% of the test population. Also called 10% mortality. 

LDTA Lancelin Defence Training Area 

LEPA low ecological protection area 

LGA local government area 

MNES Matter of National Environmental Significance 

MPA marine protected area 

MPB microphytobenthos 

m/s metres per second 

Nm nautical mile (1 nm is approximately 1.852 km) 

NOTAM Notices to Airmen 

NRSMPA National Representative System of Marine Protected Areas 

NTM Notices to Mariners 

NWQMS National Water Quality Management Strategy 

PETN pentaerythritol tetranitrate (a high-explosive) 

PLOOM Perth Long Term Ocean Outlet Monitoring 

PMST Protected Matters Search Tool 

Psi pounds-force per square inch (measurement of pressure) 

PTS Permanent threshold shift 

RAAF Royal Australian Air Force 

RAN Royal Australian Navy 

RDX  cyclonite (hexahydro-1,3,5-trinitro-1,3,5-triazine) (a high-explosive) 

REF Relative Effectiveness Factor 

SA South Australia 

SASR Special Air Service Regiment 

SWMR South-west Marine Region (Cth) 

TCM trial compliance monitoring 

TNT 2,4,6-trinitrotoluene (a high-explosive) 

TNTM Temporary Notices to Mariners 

TTS Temporary Threshold Shift 

TWW treated wastewater 

UTR underwater training range 

WA Western Australia 

WCB West Coast Bioregion (State) 

WCRLMF West Coast Rock Lobster Managed Fishery 

WET whole of effluent toxicity 

WRL Western Rock Lobster 

WWTP wastewater treatment plant 
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Glossary 
Term Description 

benthic refers to anything associated with the lowest level of a water body (i.e. the sediment and sub-
surface layers). Animals and plants living in or on the benthic substrate are sometimes 
referred to as the benthos. 

benthos community of organisms that live on (epifauna and epifloral), in (infauna), or near the seabed. 

biologically important 
area 

areas where aggregations of a regionally significant species are known to display biologically 
important behaviours such as breeding, foraging, resting or migration 

bioturbation reworking of sediments by living organisms 

demersal relating to (or inhabiting) the section of water column near to (and affected by) the seabed. 
For example, demersal fish live on or near the ocean bottom. 

direct direct effects deal with the direct impact of one thing on another (clear cause-and-effect). For 
example, injuries resulting in immediate/near-immediate reduced fitness or death, and 
behavioural changes are direct effects. 

epibenthic living on the surface of benthic substrates. 

epiphyte plants living on benthic substrates 

fitness ability to survive to reproductive age, find a mate and produce offspring. Decreased fitness 
can subject an animal to an increased risk of infection, disease or predation. 

haemolymph fluid equivalent to blood in most invertebrates 

high-explosive high-explosives (e.g. RDX, HMX, TNT, dynamite) have a high detonation velocity and attain 
a high peak pressure with a near-instantaneous rise-time. 

IMCRA The Interim Marine and Coastal Regionalisation for Australia. An ecosystem-based 
classification for marine and coastal environments. It provides regionalisations at the 
mesoscale (100-1000 km) and provincial scale (greater than 1000s km). 

indirect indirect effects are when the effect is mediated or transmitted through another (a cause-and-
effect which has a further effect). For example, behavioural changes which lead to decreased 
fitness or death, or decreased fitness which leads to death, are considered indirect effects. 

infauna refers to the invertebrate fauna living in, or in close association with, marine sediments 

irreversible defined by the EPA as ‘lacking a capacity to return or recover to a state resembling that prior 
to being impacted within a timeframe of five years or less’ 

loss may be recoverable or irreversible 

macroalgae ‘seaweed’ 

meiofauna small benthic invertebrates living in both marine and freshwater. The term meiofauna loosely 
refers to a size of organisms which are larger than microfauna but smaller than macrofauna. 

mysticete Refers to whales which feed using a filtering structure composed of baleen plates. Also 
known as baleen whales. 

oceanic relating to water above the bathyal, abyssal and hadal zones 

odontocetes Refers to cetaceans with teeth. Also known as toothed whales 

ordnance military materiel, such as weapons, ammunition and equipment 

pelagic open ocean, neither close to the bottom nor near the shore 

Permanent Threshold 
Shift (PTS) 

permanent elevation in hearing threshold (i.e., a permanent reduction in hearing sensitivity) 
most commonly resulting from noise exposure 

polychaetes a group of annelid worms, generally marine. Commonly called bristle worms. 

pueruli life stage of WRL, when larvae have metamorphosed into transparent miniature lobsters 
which can actively swim to settle into nearshore areas  
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Term Description 

recoverable see ‘reversible’. 

Relative Effectiveness 
Factor 

relates a charge’s demolition power to an equivalent mass of TNT; values greater than 1 
indicate charges that are more powerful than an equivalent weight of TNT. 

reversible defined by the EPA as ‘capacity to return or recover to a state resembling that prior to 
being impacted within a timeframe of five years or less’. 

rhizome underground, horizontal stems of vascular plants 

South-west Marine 
Region 

The Australian Government uses an ecosystem approach for managing biodiversity in the 
marine environment and recognise six marine regions. The SWMR extends from Shark Bay 
in WA to Kangaroo Island in South Australia (SA). 

stratification vertical layering 

Temporary Threshold 
Shift (TTS) 

reversible elevation in hearing threshold (i.e., a non-permanent reduction in hearing 
sensitivity) most commonly resulting from noise exposure 

vasodilation widening of the blood vessels; may be observed as abnormal pink colouration of the skin. 

West Coast Bioregion 
(WCB) 

a ‘Bioregion’ refers to a region defined by common oceanographic characteristics. There are 
four Bioregions in WA; the WCB encompasses the waters of the EEZ (200 nm limit) from just 
north of Kalbarri (27°00’ S) to south of Augusta (115° 30’ E). 

WET testing whole of effluent toxicity testing, used to identify toxicity effects from contaminants that are 
otherwise difficult to detect or may have unknown toxicity effects 
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1 Introduction 
The Department of Defence (Defence), on behalf of the Royal Australian Navy (RAN), propose to develop 
underwater training ranges (UTRs) in the gazetted waters adjacent to the Swanbourne and Lancelin military 
training areas to facilitate local training of special forces troops and support training for the Western Australia 
(WA) Police force and other interstate/international forces in underwater demolitions (the Proposal). 
Relatively small (500 g or less) charges will be used at Swanbourne where the primary focus will be on 
training for dive skills and technical aspects associated with the deployment of underwater detonations. 
Larger charges (up to 5 kg) will be used at Lancelin for targeting and testing of detonation effect. It is 
proposed to vary the location of the Training Footprint (a 10 x 10 m area which will be used for exercises) 
within the Operational Envelope (see Section 2.3.1) of each UTR (Figure 1-1). Charges will be situated at 
least 1 m above the seafloor, and the depth of the detonation will typically be 8 m (water depth permitting). 

The proposed sites will be used for an average of two to three training exercises per year and each exercise 
would last a maximum of two days. All training exercises will be managed in accordance with the command 
information and safety regulations documented in the Royal Australian Navy Explosive Demolition Manual 
(Royal Australian Navy, 2009). The underwater detonations will be under the strict guidance and 
responsibility of the nominated Demolitions Officer who shall be supported by the nominated Demolition 
Safety Supervisor.  

Defence actively manages the Defence estate to ensure it meets environmental obligations including 
obligations under the Commonwealth (Cth) Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act). Defence activities with potential for impacts, including military training, are assessed for their 
environmental impacts. 

1.1 Purpose and scope 
The purpose of this document is to present an environmental review of a proposal to develop underwater 
training ranges in the gazetted waters adjacent to the Swanbourne and Lancelin military training areas (the 
Proposal). This review has been prepared as a supplementary report for referral of the Proposal to the WA 
Environmental Protection Authority (EPA) under Section 28 of the Environmental Protection Act 1986 (EP 
Act) to provide the EPA with sufficient information to decide whether or not to assess the Proposal and, if the 
EPA decides to assess the Proposal, the level of assessment. As required by the Referral Instructions 
(Environmental Protection Authority, 2018c), this supplementary report follows the structure and 
requirements set out in the Instructions and template: Environmental Review Document (Environmental 
Protection Authority, 2018d). 

This review describes the Proposal activities and receiving environment, identifies and assesses potential 
impacts, summarises the proposed mitigation and management measures, and evaluates the predicted 
outcomes. 

1.2 Proponent 
The Proponent is Defence. All compliance and regulatory requirements regarding this assessment document 
should be forwarded by email, post or courier to: 

Proponent details: Key contacts: 
Department of Defence 
Estate & Infrastructure Group 
Building 9 Level 1 Room 7  
Leeuwin Barracks, East Fremantle 
Western Australia 6158 

Name:  Mark Sweetman  
Title:  Assistant Director Env and Sust. (WA)
E–mail:  mark.sweetman1@defence.gov.au 

Name:  Paul Everson  
Title:  Technical Director (Aurecon) 
Telephone: +61 8 6145 9650 
E–mail:  Paul.Everson@aurecongroup.com 





 

Project number EST04718 File EST04718_EPA Referral_Rev0.docx, 2020-04-06 Revision 0  19 

1.3 Environmental impact assessment process 
Environmental impact assessments (EIA) in WA are conducted under the EP Act for matters within the WA 
jurisdiction and under the EPBC Act for ‘matters of national environmental significance’ (MNES). Additionally, 
the EPBC Act requires all Commonwealth agencies to submit a referral to the Australian Government if a 
proposal is likely to have a significant impact on the environment (i.e. not just potential impacts to MNES). 
Where both WA and the Commonwealth have an interest in an environmental concern, provisions under the 
EPBC Act allow for bilateral agreements to be made to reduce duplication of the effort and expense involved 
in the assessment process (Bates, 2016). These processes are described in the sections below. 

Defence is an Australian Government agency and must comply with all Commonwealth legislation; however, 
whether Defence is bound by State and Territory law is a complex issue and legal advice must be obtained 
on a case-by-case basis (Department of Defence, 2019a). Where the Commonwealth is not bound to 
comply, it will operate and secure approvals in accordance with Commonwealth measures which are at least 
the equivalent of state environment and planning laws, and endeavour to adopt ‘best practice’ standards in 
management of its environmental responsibilities (Bates, 2016). Regardless, Defence’s Environmental Policy 
states that Defence aims to be a leader in environmental management and will comply “with the spirit and 
intent of state and territory environmental management legislation where it does not conflict with 
Commonwealth legislation” (Department of Defence, 2016a). Defence also has its own suite of 
environmental policies, plans and instructions. Under Defence’s ‘Good Neighbour’ policy, Defence has 
chosen to refer this Proposal to the EPA for assessment under the EP Act. 

Bilateral agreements 
To minimise duplication in the environmental assessment and approval process, Chapter 3 of the EPBC Act 
provides for agreements between the Commonwealth and a State/Territory to be made for Commonwealth 
accreditation of the processes of the State/Territory (and vice versa). These are termed bilateral agreements. 
and may be a (Department of the Environment and Energy, n.d.b): 

◼ assessment bilateral agreement: accredits the State processes for assessment of proposals, providing 
for a single assessment process conducted by the State. Once the State completes its assessment, it 
provides a report to the Commonwealth Minister for Environment assessing the likely impacts of the 
proposal on MNES. The State and the Commonwealth then each make a decision on project approval 
(and any conditions), which may result in two approval decisions and sets of conditions. An assessment 
bilateral agreement between the Commonwealth and WA commenced on 1 January 2015. 

◼ approval bilateral agreement: accredits the State processes for approval of proposals, which would 
otherwise require Commonwealth approval under the EPBC Act. With an approval bilateral agreement, 
the decision (and conditions of approval) is made under the State EIA process, with no separate 
Commonwealth referral, assessment or approval required. There is currently no approval bilateral 
agreement in place for WA. 

As the Defence process for compliance under the EPBC Act is unique in format, bilateral assessment is 
assumed to not be under consideration for this Proposal.  

Commonwealth EIA 
The EPBC Act is the Australian Government's central piece of environmental legislation. The EPBC Act 
provides a legal framework for the Commonwealth to protect and manage MNES and for States /Territories 
to have responsibility for matters of state and local significance. There are currently nine MNES: 

(a) world heritage properties 

(b) national heritage places 

(c) wetlands of international importance (often referred to as Ramsar wetlands) 

(d) nationally threatened species and ecological communities 

(e) migratory species 
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(f) the Great Barrier Reef Marine Park 

(g) nuclear actions (including uranium mining) 

(h) Commonwealth marine areas 

(i) a water resource, in relation to coal seam gas development and large coal mining development. 

Additionally, the EPBC Act protects the environment on Commonwealth land, the environment from the 
actions taken on Commonwealth land, and the environment from actions taken by Commonwealth agencies. 
As a result, the EPBC Act holds all Commonwealth agencies and their representatives accountable for 
minimising environmental impacts and risks, both in Australia and overseas.  

Under the EPBC Act, a referral to the Commonwealth Environment Minister (for determination as to whether 
the action requires approval under the EPBC Act as a ‘controlled action’) is required for a proposal that: 

◼ has the potential to have a significant impact on a MNES; 

◼ is likely to have a significant impact on the environment on Commonwealth land; 

◼ is carried out on Commonwealth land and is likely to have a significant impact on the environment 
anywhere; or 

◼ is carried out by a Commonwealth agency and is likely to have a significant impact on the environment 
anywhere (even if the significant impact does not affect a MNES).  

As a Commonwealth agency, Defence is required under the EPBC Act to submit a referral to the Australian 
Government if the proposed action is likely to have a significant impact on the environment. Section 528 of 
the EPBC Act defines ‘environment’ as including: 

(a) ecosystems and their constituent parts, including people and communities; and 

(b) natural and physical resources; and 

(c) the qualities and characteristics of locations, places and areas; and 

(d) heritage values of places; and 

(e) the social, economic and cultural aspects of a thing mentioned in paragraph (a), (b), (c) or (d) 

Guidelines for self-assessment and an overview of the Australian Government referral, assessment and 
approval process are available for MNES (Department of the Environment, 2013b) and Commonwealth Land 
/ Commonwealth Agencies (Department of Sustainability, Environment, Water, Population and Communities, 
2013d). These guidelines clarify that: 

◼ A ‘significant’ impact is important, notable, or of consequence. This depends on the sensitivity, value, 
and quality of the affected environment, and the intensity, duration, and spatial extent of the impacts. 

◼ For an impact to be considered ‘likely’, it is sufficient for the impact to be a real possibility. If there is 
scientific uncertainty regarding the impacts, and the potential impact is serious or irreversible, then the 
precautionary principle applies. As such, a lack of scientific certainty does not justify a decision that the 
action is not likely to have a significant impact on the environment. 

Defence is committed to meeting its obligations under the EPBC Act and has an internal environmental 
assessment and approval process that applies across the Defence estate (see Section 1.4). Where a 
Defence action may result in potential environmental impacts, an Environmental Report (ER) is prepared. 
The ER is used by Defence to determine whether the action requires more detailed impact assessment and 
whether formal referral to the Australian Government Minister for the Environment is required.  

WA EIA 
EIA in WA is primarily legislated by the EP Act. The EP Act provides for the prevention, control and 
abatement of pollution and environmental harm and for the conservation, preservation, protection, 
enhancement and management of the environment. The object of the EP Act is to protect the environment of 
the State with respect to the following five principles: 

◼ The precautionary principle  
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◼ The principle of intergenerational equity  

◼ The principle of the conservation of biological diversity and ecological integrity  

◼ Principles relating to improved valuation, pricing and incentive mechanisms 

◼ The principle of waste minimisation 

Assessment of the Proposal against these principles is undertaken in Section 4.1 of this document. 

The EP Act also establishes the EPA, outlines the responsibilities and functions of the EPA and the WA 
Minister for Environment, provides for pollution control, licensing and enforcement, and specifies procedures 
for the EIA of proposals as well as the appeals process. These are described below. 

Relevant government agencies 

Environmental Protection Authority 

Part II of the EP Act provides for the establishment of the EPA, an independent body comprised of 5 
members. The EPA are charged with the development of environmental protection policies under Part III of 
the EP Act, and with conducting the environmental impact assessment of proposals and schemes under Part 
IV of the EP Act. The EPA also encourage and undertake research on environmental protection and pollution 
control, prepare and publish guidelines for managing environmental impacts, and provide advice on 
environmental matters to the Minister for Environment and members of the public. 

Department of Water and Environment Regulation 

The Department of Water and Environment Regulation (DWER) has responsibility for pollution control, works 
approval and licensing under Part V of the EP Act, and enforcement under Part VI. DWER was established 
by the Government of Western Australia on 1 July 2017, resulting from the amalgamation of the Department 
of Environment Regulation, Department of Water and the Office of the Environmental Protection Authority 
(Department of Water and Environmental Regulation, n.d.). DWER supports the EPA in conducting 
environmental impact assessments and developing policies to protect the environment. 

The Office of the Appeals Convenor 

The Office of the Appeals Convenor investigates and provides advice to the Minister for Environment with 
respect to appeals made under Part VII of the EP Act. These appeals include a wide range of environmental 
decisions by the EPA and the Environment Minister, such as environmental impact assessment, 
recommendations, approvals, and conditions of implementation. 

Department of Biodiversity, Conservation and Attractions 

The Department of Biodiversity, Conservation and Attractions (DBCA) was formed on 1 July 2017, by 
merging the Botanic Gardens and Parks Authority, Rottnest Island Authority, Zoological Parks Authority, and 
the former Department of Parks and Wildlife (now Parks and Wildlife Service). Legislation administered by 
the DBCA include the Biodiversity Conservation Act 2016 (BC Act) and the Conservation and Land 
Management Act 1984 (CALM Act). The Parks and Wildlife service of the DBCA has primary responsibility 
for: 

◼ management of national parks, nature reserves, marine parks, State forests and other reserves 

◼ conserving and protecting native animals and plants 

◼ public involvement, visitation and appreciation of the cultural and natural environment of DBCA-managed 
lands and waters. 
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Department of Primary Industries and Regional Development 

The Department of Primary Industries and Regional Development (DPIRD) was formed on 1 July 2017 by 
amalgamation of the former Departments of Agriculture and Food, Fisheries, and Regional Development. 
DPIRD | Fisheries (Fisheries) has primary responsibility for the conservation, sustainable development and 
shared use of WA’s aquatic resources and their ecosystems. This is achieved through assessment and 
monitoring of fish stocks, enforcement and education, biosecurity management and licensing commercial 
and recreational fishing activity. Legislation administered by Fisheries include the Fish Resources 
Management Act 1994 (FRM Act). 

WA EIA stages 
Under Part IV of the EP Act, projects with the potential to affect the environment are referred to the EPA for 
EIA. The EPA has prepared administrative procedures for the purposes of establishing the practices of EIA, 
the EIA (Part IV Divisions 1 and 2) Administrative Procedures 2016 (Environmental Protection Authority, 
2016f), and provides further detail on these procedures in the Environmental Impact Assessment (Part IV 
Divisions 1 and 2) Procedures Manual (Environmental Protection Authority, 2018a). The EIA process has 
five stages as outlined in Table 1-1 below. More detailed information on these stages is provided in Appendix 
A. 

Table 1-1.  Overview of the EIA stages 

Stage Scope Section 
of EP 
Act 

Stage 
1 

Referral of a proposal to the EPA 

This environmental review has been prepared as a supplementary report for referral of the 
Proposal to the WA Environmental Protection Authority (EPA). 

s. 38 

Stage 
2 

EPA to decide whether to assess a referred proposal 

Once the EPA has registered a valid referral, it decides whether to assess the referral. The 
EPA will publish the referral information on their website 
(https://consultation.epa.wa.gov.au) for a 7-day public comment period, inviting public 
submissions on whether the proposal should be assessed, and if so, the level of assessment.  

If the EPA decides to assess the proposal, it will set a level of assessment based on the 
information required for the EPA’s assessment, taking into account the amount of information 
provided in the referral, the complexity of environmental factors involved, whether the proposal 
is common, and anticipated public interest. Common levels of assessment are: 

◼ Referral information (s. 38): The EPA has enough information from the referral process to 
assess the proposal. 

◼ Environmental review – no public review (s. 40(2)(b)): The EPA determines that additional 
assessment information is required (typically a proponent-prepared Environmental Review 
Document (ERD)) but that it will not be made public. 

◼ Public environmental review (s. 40(2)(b) and s. 40(4)): The EPA determines that an 
environmental review is required, and that the ERD is to be made available for public 
review. 

The EPA’s decision to assess a proposal and the level of assessment is not appealable, but a 
decision to not assess a proposal has a 14-day public appeal period. 

s. 38A to 
s. 39B 

Stage 
3 

Assessment of proposals 

There are five steps in the assessment stage. Steps 1 to 3 are optional and may be required by 
the EPA where additional assessment information (typically an ERD) is required. 

1. Scoping the proponent environmental review 

The Environmental Scoping Document is prepared, defining the specific requirements of 
factors to be addressed in the ERD and any required work (e.g. studies, preparation of 
management plans). 

s. 40 to 
s. 43A 

https://consultation.epa.wa.gov.au/
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Stage Scope Section 
of EP 
Act 

2. Preparation of additional assessment information 

Required works are undertaken and an ERD is prepared in accordance with the 
Environmental Scoping Document. 

3. Public review of the additional information provided 

4. EPA prepares draft assessment report 

5. EPA finalises the assessment report 

Stage 
4 

EPA report on the assessment of a proposal 

The EPA prepares a report and recommendations for the Minister for Environment. The report 
describes what the EPA consider to be the key environmental factors. Recommendations 
include whether or not the proposal may be implemented, and conditions and procedures to 
which the implementation should be subject (if any). 

The EPA’s report and recommendations are made publicly available on the EPA’s website, and 
any person may lodge an appeal with the Minister against the content of the report and 
recommendations. 

s. 44 

Stage 
5 

Decision on proposal and implementation of proposals 

The Minister for Environment considers the EPA’s report and any public appeals before 
determining, in consultation with other Ministers, whether the proposal should be allowed to 
proceed, and if so, under what conditions. 

If approved, a Ministerial Approval Statement is issued under s45(5). This sets out the 
conditions and procedures that the proponent must adhere to during the project 
implementation. Any proponent who disagrees with these conditions and procedures may 
lodge an appeal with the Minister. 

The DWER monitors compliance with the Ministerial Approval Statements issued under the EP 
Act. 

s. 45 to 
s. 48 

 

Consultation with the public, stakeholders and decision-making authorities is a core component of the EIA 
process in WA and is detailed in Section 3 of this document.  

1.4 Other approvals and regulation 
The 2016 Defence White Paper commits Defence to ensuring the long-term sustainability of the Defence 
estate (Department of Defence, 2017b). This means that while Defence bases and training areas are 
managed primarily for military purposes, Defence aims to be a responsible environmental steward and will 
comply with State environmental legislation and regulations, where it does not conflict with Commonwealth 
legislation (Department of Defence, 2016a; Department of Defence, 2017b). 

Defence also has its own suite of environmental policies, plans, and instructions, including an environmental 
assessment and approval process that applies across the Defence estate (Table 1-2). As part of this 
process, Aurecon has prepared a separate Environmental Report (ER) for Defence which documents the 
existing environment, likely environmental impacts and proposed mitigation measures. Defence will review 
the ER and, if satisfied that all potential environmental impacts can be avoided or mitigated so as not to 
result in a significant impact on the environment, recommend the Proposal be approved. At a minimum, an 
Environmental Clearance Certificate (EEC) will be issued by Defence, which imposes conditions and 
safeguards on the Proposal to ensure impacts are avoided or minimised.  

Table 1-2.  Other Approvals 

Proposal activities Land tenure/access Type of approval Legislation regulating the activity 

Defence Proposal Gazetted Defence 
Practice Area 

Environmental Clearance 
Certificate (ECC) 

Environment Protection and 
Biodiversity Conservation Act 1999 
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Alternatively, if Defence considers that there is still potential for the Proposal to result in a significant impact 
on the environment, the Proposal will be referred to the Commonwealth Minister for the Environment for 
consideration under the EPBC Act. Projects referred to the Minister that have obtained the Minister’s 
approval will still require internal Defence approval (at minimum an ECC). 

1.4.1 Tenure 

Swanbourne 
The proposed location for the Swanbourne UTR is within the gazetted Defence Practice Area adjacent to the 
Campbell Barracks at Swanbourne (Department of Defence, 2007). This area is shown as a “Military 
Exercise Area” on the Ocean Reef to Cape Peron nautical chart (Department of Transport, 2010). 

Campbell Barracks covers an area of 236 ha, composed of 137 ha of range area, 85 ha of Barracks area, a 
14 ha leased beach area and a safety template area extending over the Indian Ocean which is gazetted as a 
Defence Practice Area (Department of Defence, 2007) under the Defence Regulation 2016.  

Under the City of Nedlands Local Planning Scheme No. 3 the Campbell Barracks area is zoned as “Public 
Purposes - Commonwealth Government” and the leased beach area is zoned as “Parks and Recreation” 
(Maps 1 and 3) (City of Nedlands, 2019). The City of Nedlands Local Planning Strategy shows both areas as 
“Department of Defence Land” (City of Nedlands, 2017). The Indian Ocean forms the western boundary of 
the City of Nedlands local government area (LGA), and so the gazetted Defence Practice Area itself is within 
State coastal waters. 

Lancelin 
The proposed location for the Lancelin UTR is within the gazetted Firing Practice Area of the Lancelin 
Defence Training Area (LDTA). This area is shown as “NAVAL EXERCISE AREA R146” on the Wedge 
(Chart 765), Dide Bay (Chart 767) and Lancelin (1276) 1 : 25 000 map series, with the explanatory note that 
“Restricted Area R146 is a gazetted as a Firing Practice Area for Naval Gunnery” (Department for Planning 
and Infrastructure, 2005). 

The LDTA straddles two LGAs, the Shire of Dandaragan and the Shire of Gingin. The majority of the LDTA is 
within the Shire of Dandaragan, in land zoned “Public Purposes: Commonwealth” (Map 3) under the Shire of 
Dandaragan Local Planning Scheme No. 7 (Shire of Dandaragan, 2019). The southern side of the LDTA is 
zoned as “Public Use: Defence Purposes” (Maps 1 and 2) under the Shire of Gingin Local Planning Scheme 
No. 9. (Shire of Gingin, 2019). The Indian Ocean forms the western boundary of the Shire of Gingin LGA, 
and so the gazetted Defence Firing Practice Area itself is within State coastal waters. 

1.4.2 Decision-making authorities 
The authorities listed in Table 1-3 have been identified as the key decision-making authorities for the 
Proposal. 

Table 1-3.  Key decision-making authorities for the Proposal 

Jurisdiction Decision-making Authority Relevant legislation 

Western 
Australia 

Minister for Environment based on 
recommendations and advice from the 
Environmental Protection Authority   

Environmental Protection Act 1986 (Part IV) 

Commonwealth Department of Defence  

Australian Government Minister for the 
Environment  

Environment Protection and Biodiversity 
Conservation Act 1999 
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2 The Proposal 
Defence, on behalf of the RAN, propose to establish UTRs in the existing gazetted waters adjacent to the 
Swanbourne and Lancelin military training areas (Figure 1-1) to facilitate ongoing training of personnel in a 
range of underwater demolition operations. 

2.1 Background 
This environmental review has been prepared as a supplementary report for referral of the Proposal to the 
EPA.  

2.2 Justification 
Presently there are no facilities to conduct underwater demolitions training in WA. Australian Defence Force 
(ADF) personnel, including the Australian Clearance Diving Team (AUSCDT) and Special Air Service 
Regiment (SASR), are required to travel interstate or overseas to conduct this training. In Australia, 
underwater demolitions training is conducted at the Royal Australian Navy Diving School, co-located with the 
Army Work Divers, at HMAS Penguin (New South Wales) or at Triangular Island, Shoalwater Bay 
(Queensland). The UTR at Shoalwater Bay takes advantage of the tidal range in the area so that the 
charges may be deployed at low tide and detonated during high tide. 

The high logistic and cost requirements to travel to the eastern states means that Defence personnel in WA 
cannot adequately prepare, practise and develop underwater demolitions training. This greatly hampers the 
ability of the AUSCDT and SASR to deliver on current and future operational commitments including the 
recent ADF emphasis on training for amphibious operations. The lack of training facilities on the west coast 
of Australia presents a significant capabilities gap and does not enable realism, variety and flexibility in 
training to address current and future operational requirements. It is intended that UTRs are developed at 
Swanbourne and Lancelin to facilitate local training of special forces troops. These UTRs will also provide a 
facility for the training of WA Police force and other interstate/international forces as appropriate. 

The primary option under consideration is the use of the Swanbourne and Lancelin gazetted Defence 
Practice Areas. This ensures that the facilities are located within areas under the jurisdiction of Defence, 
currently gazetted for training, and are also within two hours travel time of a medical surgical hospital, to 
meet safety criteria for the training proposed. It is acknowledged that whilst Swanbourne has the advantage 
of being close to Campbell Barracks there are clear limitations as to the size of charges that can be used at 
Swanbourne due to the suburban nature of the area when compared to the more remote Lancelin facility. 

The proposed charge weights have been selected to achieve training objectives while also minimising 
potential impacts to the receiving environment, including visual/noise amenity. Swanbourne would be 
exclusively used for “initiation” training, providing a safe context for trainees to experience detonations for the 
first time and develop the dive and technical skills associated with the deployment of underwater 
detonations. While the allowance is for charges up to 500 grams, charges will be more commonly in the 
range of 100-250 grams. More advanced and variable training would be conducted at Lancelin, using 
charges up to 5 kg in size for targeting and testing of detonation effect. 

An alternative arrangement is the practise of ‘dry or dummy runs’ where dummy charges are set with no 
detonation. However, the learning outcomes from this are considered minimal as the operators would not 
observe the effect of the detonations. A second alternate is the use of a natural or man-made lake. However, 
this is not as realistic as ocean and fresh water affect diving buoyancy differently. 

2.3 Proposal description 
Defence is proposing to develop UTRs in the gazetted waters adjacent to the Swanbourne and Lancelin 
military training areas to facilitate local training of special forces troops and support training for the WA Police 
force and other interstate/international forces in underwater demolitions (Table 2-1). Relatively small (500 g 
or less) charges are proposed for use at Swanbourne, with a focus on training for dive skills and the 
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technical aspects of deployment for underwater detonations. Larger charges (up to 5 kg) would be used at 
Lancelin, with a focus on targeting and testing of detonation effect. The UTRs would have a temporary 
mooring used to suspend and secure simulated targets and charges. Charges will be situated at least 1 m 
above the seafloor, and the depth of the detonation will typically be 8 m (water depth permitting). The 
proposed sites would be used for an average of two to three training exercises per year. Each exercise 
would last a maximum of two days, with up to five detonations per day. A summary of the defining 
operational criteria for each site is identified in Table 2-2.  

Table 2-1.  Summary of the Proposal 

Proposal title Underwater Training Program 

Proponent name Department of Defence 

Short description Defence is proposing to establish underwater training ranges in the gazetted waters 
adjacent to the Swanbourne and Lancelin military training areas to facilitate ongoing 
training of personnel in a range of underwater demolition operations. 

It is proposed to vary the location of training events within the Operational Envelope 
of each UTR. The ranges would support training for the WA Police force and other 
interstate/international forces, as appropriate, in addition to Defence personnel. 

 

Table 2-2.  Location and proposed extent of physical and operational elements 

Element Location Proposed extent 

Physical elements  

Both Facilities Swanbourne 
 

Figure 2-1 

Lancelin 
Figure 2-2 

100 m2 Training Footprint (10 m x 10 m), located within the 
Operational Envelope. 

Detonations at least 1 m above the seafloor, and typically at a 
depth of 8 m (water depth permitting) 

Two temporary buoys, one at detonation site and second at a 
stand-off distance for vessel mooring. 

Operational elements  

Both Facilities Swanbourne 
 

Figure 2-1 

Lancelin 
Figure 2-2 

Average of two to three training exercises per year. Each 
exercise would last a maximum of 2 days with 3 to 5 detonations 
per day. No more than 10 days of training exercises per year at 
each training facility. 

Swanbourne Defence 
Training Area 

 

Figure 2-1 

Maximum charge used in any single detonation will be 500 g, but 
more commonly 100-250 g. 

Lancelin Defence 
Training Area 

Figure 2-2 Maximum charge used in any single detonation will be 5.0 kg 

 

  







 

Project number EST04718 File EST04718_EPA Referral_Rev0.docx, 2020-04-06 Revision 0  29 

2.3.1 Location 
Defence manages approximately 100 training areas across Australia (Department of Defence, 2017b). Most 
are Commonwealth-owned; however, portions and land parcels are leased. Defence land, maritime areas 
and air spaces allow the ADF to train in realistic environments, and Defence capability relies on consistent 
and continued access to these areas. There are also a number of maritime exercise areas that have been 
gazetted as Defence Practice Areas and may be activated as required (Department of Defence, 2017b). 

Different training areas are required to exercise different capabilities. Broadly, the training areas are 
categorised as Category 1, 2 or 3 training areas (Department of Defence, 2017b). The largest training areas, 
‘Category 1’ training areas, are typically used for the highest and most complex levels of ADF training; they 
include joint service and multinational training operations, with the potential ability to support live fire training 
from land, air and sea. The smaller training areas are used by each Service to conduct independent training 
for unique capability requirements, however they have “potential” (Category 2) and “limited potential” 
(Category 3) to undertake combined training activities. The LDTA is a Category 2 training area, and 
incorporates Naval Gunfire Support Range, with live gunnery from ship to shore. The Swanbourne Special 
Forces Training Facilities is a Category 3 training area.  

The UTRs are proposed to be located within the existing gazetted waters adjoining the Defence lands at 
Swanbourne and Lancelin, as described below. 

Swanbourne 
The proposed Swanbourne Operational Envelope is demarcated by the boundary of the Defence gazetted waters 

adjacent to the shore-based rifle range at Campbell Barracks, approximately 10 km west of Perth. The 
Operational Envelope includes a 100 m buffer of the Water Corporation’s Subiaco wastewater 
treatment plant (WWTP) ocean outfall pipe, which extends approximately 1 km offshore, and the 
Subiaco Main Drain, approximately 30 m south of the outfall pipe and extending 50 m offshore (BMT, 
2018b) ( 

Figure 2-1). 

Campbell Barracks is home to the SASR and covers an area of 236 ha, composed of 137 ha of range area, 
85 ha of Barracks area, a 14 ha leased beach area and a safety template area extending over the Indian 
Ocean which is gazetted as a Defence Practice Area (Department of Defence, 2007). Campbell Barracks is 
bounded by the Indian Ocean to the west, Bold Park to the north, West Coast Highway to the east and 
residential areas (including Seaward Village which houses SASR families) to the south.  

The closest marine protected areas (see Section 2.4.6 for further information) are the Cottesloe Fish Habitat 
Protection Area (FHPA), approximately 81 m south of the Operational Envelope, and Marmion Marine Park, 
approximately 7.3 km north of the Operational Envelope. 

Lancelin 
The proposed Lancelin Operational Envelope is the Defence gazetted waters adjacent to the LDTA, 
truncated to the boundary of the Jurien Bay Marine Park and the limit of mapped benthic habitat (EOMAP, 
2019), which is approximately 3 km from shore and 16 m deep (Figure 2-2). 

The LDTA is a coastal dune area approximately 130 km north of Perth used as a naval gunnery range, air 
bombing range, and for navy clearance diver detonation training, army engineer and other training. It has 
also been used for SASR and counter-terrorism training. The naval and air ranges have often been used by 
other Nations armed forces. The Royal Australian Navy (RAN) also practises live fire gunnery from ship to 
shore at Lancelin. The site is located approximately 17 km north of the Lancelin town, and approximately 
8 km south of Wedge Island. 

This section of coast is characterised by limestone outcrops and sandy bays and seagrass meadows 
protected by an offshore reef system (DA Lord & Associates, 2000, as cited in Teal Solutions, 2017). The 
Lancelin UTR Operational Envelope adjoins the southern boundary of the State Jurien Bay Marine Park and 
is approximately 7 km northwest of the Lancelin Island Lagoon FHPA (see Section 2.4.6) 
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Site location 
Training activities would be restricted to the existing gazetted waters adjacent to the Swanbourne and 
Lancelin military training areas.  

There is no permanent infrastructure associated with the Proposal. Instead, training would occur within a 
10 m x 10 m Training Footprint to be located over bare sand / sparse seagrass (<25% vegetative cover), as 
far away as practicable from any nearby seagrass meadows (>25% vegetative cover) or limestone reef, 
within the Proposed Operational Envelope at each site. As a minimum, a buffer of 25 m at Swanbourne and 
50 m at Lancelin (based on predicted impacts on benthic invertebrates (Section 4.2.5)) will be in effect for 
seagrass meadows and limestone reefs. This provides the flexibility to accommodate different training 
requirements, adapt to changing environmental conditions, and minimise the potential for cumulative impacts 
upon the receiving environment. In seasons where areas meeting this siting criteria cannot be located at 
Swanbourne, all training will be held at Lancelin. 

As responsible environmental stewards, Defence aims to train sustainably. The flexibility to adjust the 
location of the Training Footprint enables Defence to reduce the frequency with which areas are used for 
military training, thus allowing for regeneration of vegetation and substrate (Department of Defence, 2017b). 

2.3.2 Operational elements 

Training overview 
Swanbourne would be exclusively used for “initiation” training, providing a safe context for trainees to 
experience detonations for the first time and develop the dive and technical skills associated with the 
deployment of underwater detonations. While the allowance is for charges up to 500 grams, charges will be 
more commonly in the range of 100-250 grams. More advanced and variable training would be conducted at 
Lancelin, using charges up to 5 kg in size for targeting and testing of detonation effect. Deployment of 
charges at the UTRs will be undertaken via divers from a dedicated dive vessel.  

The charges proposed for use at the UTRs are high-explosives, a term referring to compounds such as 
cyclonite (RDX), octogen (HMX), TNT and dynamite, which have a high detonation velocity and attain a high 
peak pressure with a near-instantaneous rise-time (see Appendix B for further explanation). The triggering 
sequence to initiate high-explosives is termed the ‘detonation train’. For safety reasons, most high-explosives 
are relatively stable and hard to detonate. Hence, a small quantity of primary explosives (which are more 
sensitive) is used to trigger a uniform detonation of the main explosive. During use of the UTRs, detonation 
of any of the proposed high=explosives will be triggered by a fuse cord and blasting cap (detonator). The 
fuse cord consists of a core of gunpower wrapped in a matrix of yarn which is waterproofed and encased in 
polythene tube to protect from abrasion and other mechanical damage. The fuse cord has a burning rate of 
approximately 33 seconds per 300 mm when immersed and this burn rate will increase with increased depth. 
The ignition of the fuse is initiated at the surface with a flame, typically a match. The fuse is attached to a 
blasting cap which consists of a small quantity of high-explosive which has a relatively simple molecular 
structure and is easy to ignite. The blasting cap is placed in contact with the more stable secondary high-
explosives and provides the energy to initiate detonation of the high-explosives. 

There are no permanent structures associated with the Proposal. During training exercises, a breaching 
structure will typically be suspended in the mid water column from a buoy. The breaching structure is 
intended for re-use and will consist of a rectangular (2.5 m x 2 m x 1.5 m) metal frame designed to enable a 
range of simulated targets to be secured, including pier pylons, valves, pipelines, fibre optic cable, and 
vessel hull steel plate. The charges shall be directly attached to the target elements and this may be 
achieved using several alternative methods, including cord, wire and zip ties. The breaching structure and 
targets shall be removed at the completion of each training exercise. Temporary anchoring may be used to 
prevent drift of boats and training equipment, with one temporary mooring at the detonation site and a 
second at a stand-off distance for vessel mooring. 

All underwater detonations shall be managed in accordance with the command information and safety 
regulations documented in the Royal Australian Navy Explosive Demolition Manual (Royal Australian Navy, 
2009). The underwater detonations will be under the strict guidance and responsibility of the nominated 
Demolitions Officer who shall be supported by the nominated Demolition Safety Supervisor. 
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Post-Training Decommissioning 
The site and neighbouring area would be inspected post-exercise and, as far as practicable, all materials and 
debris (above and below water) from the training exercises would be removed and disposed of appropriately. 
This includes any potential fauna (i.e. fish) casualties. 

Photographs would be taken prior to and after each training event for the first two years. This will provide 
photographic evidence of the impact of detonations and the effectiveness of the clean-up procedures and will 
be used to refine management of future training exercises.  

2.3.3 Timeframe 
Defence anticipates starting training in 2020, dependant on the timing of State and Defence approvals. As 
there are no permanent structures associated with the Proposal, there is no construction period.  

It is anticipated that the UTRs will be used for an average of two to three training exercises per year and 
each exercise would last a maximum of two days with three to five blasts per day. Defence would conduct no 
more than 10 days of training exercises per year at each UTR.  

Defence proposes to undertake training outside of the peak Humpback Whale annual southbound migration 
period (i.e. outside of September to November). Training exercises would be undertaken in daylight 
conditions (to assist with visual mitigation measures), with the earliest detonation to occur no sooner than 
1 hr after sunrise and the latest occurring no later than 1 hr prior to sunset. 

2.4 Local and regional context 

2.4.1 Swanbourne overview 
The proposed Swanbourne Operational Envelope is demarcated by the boundary of the gazetted waters 

adjacent to the shore-based rifle range at Campbell Barracks, approximately 10 km west of Perth. The 
Operational Envelope includes a 100 m buffer of the Water Corporation’s Subiaco WWTP ocean outfall 
pipe, which extends approximately 1 km offshore, and the Subiaco Main Drain, approximately 30 m 
south of the outfall pipe and extending 50 m offshore (BMT, 2018b) ( 

Figure 2-1). It is proposed to vary the location of the Training Footprint within the Proposed Operational 
Envelope. 

Campbell Barracks is home to the SASR and includes range area, Barracks area, a leased beach area and a 
safety template area extending over the Indian Ocean which is gazetted as a Defence Practice Area 
(Department of Defence, 2007). Campbell Barracks is bounded by the Indian Ocean to the west, Bold Park 
to the north, West Coast Highway to the east and residential areas (including Seaward Village which houses 
SASR families) to the south. Activities currently carried out at the barracks includes the use of firing ranges, 
bulk storage and distribution of fuel, vehicle maintenance, ammunition storage, and gun cleaning 
(Department of Defence, 2017a). During any live firing operations, the beach area in front of the barracks is 
closed to the public, with manned sentries to the north and south of the beach (Teal Solutions, 2017). 

The Swanbourne Beach area is the most popular of the clothing-optional beaches in the metropolitan area 
(WA Free Beaches, 2009). The area is also popular for recreational shore-fishing and has seasonal 
distribution and migration routes for whales. The closest marine protected areas (see Section 2.4.6 for 
further information) are the Cottesloe Fish Habitat Protection Area (FHPA), approximately 81 m south of the 
Operational Envelope, and Marmion Marine Park, approximately 7.3 km north of the Operational Envelope. 

2.4.2 Lancelin overview 
The proposed Lancelin Operational Envelope is the gazetted waters adjacent to the LDTA, truncated to the 
boundary of the Jurien Bay Marine Park and the limit of mapped benthic habitat (EOMAP, 2019), which is 
approximately 3 km from shore and 16 m deep (Figure 2-2). It is proposed to vary the location of the Training 
Footprint within the Proposed Operational Envelope. 
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The LDTA is a coastal dune area approximately 130 km north of Perth used as a naval gunnery range, air 
bombing range, and for navy clearance diver detonation training, army engineer and other training. It has 
also been used for SASR and counter-terrorism training. The naval and air ranges have often been used by 
other Nations armed forces. The RAN also practises live fire gunnery from ship to shore at Lancelin. The site 
is located approximately 17 km north of the Lancelin town, and approximately 8 km south of Wedge Island. 

This section of coast is characterised by limestone outcrops and sandy bays and seagrass meadows 
protected by an offshore reef system (DA Lord & Associates, 2000, as cited in Teal Solutions, 2017) and 
there are sea lions in the vicinity and seasonal use by whales (Teal Solutions, 2017). Lancelin is a popular 
destination for fishing, surfing, boating and diving, as well as attracting sea lions and dolphins. Lancelin and 
Edward Islands (approximately 800 m offshore from Lancelin) are Class A reserves, linked by intertidal and 
sub-tidal reef platforms hosting over 200 flora and fauna species (Fisheries WA, 2001). The Lancelin UTR 
Operational Envelope adjoins the southern boundary of the State Jurien Bay Marine Park, with seagrass and 
macroalgae communities providing important habitat and nursery areas for invertebrates and finfish 
(Department of Conservation and Land Management, 2005). Approximately 7 km southeast of the Lancelin 
UTR Operational Envelope is the Lancelin Island Lagoon FHPA (see Section 2.4.6), which comprises reef 
and seagrass habitat extending west of Lancelin Island, managed for the conservation and protection of fish 
and their breeding areas (Fisheries WA, 2001).   

2.4.3 Climate 
Both Lancelin and Swanbourne have a Köppen-Geiger climate classification of ‘Csa’, a temperate, 
Mediterranean climate characterised by hot, dry summers and mild, wet winters. Summer generally lasts 
from December to late-March, with February typically the hottest month. Lancelin receives an average 
annual rainfall of 603 mm and Swanbourne an average of 734 mm, with the majority of rainfall received 
during May and September (Bureau of Meteorology, n.d.) (Figure 2-3). The last few decades show a trend of 
declining rainfall in the southwest (Department of Environment and Conservation, 2007). Climate data from 
the nearest Bureau of Meteorology (BoM) station is presented in Table 2-3 and Figure 2-3. 

Table 2-3.  Climate statistics for Swanbourne and Lancelin (Bureau of Meteorology, n.d.) 
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Swanbourne (BoM Station 009215; located lat -31.9558, long 115.7619; data from 1993 – 2019) 

Mean maximum 
temperature (°C) 

29.8 30.4 28.8 25.3 22.2 19.5 18.4 18.9 19.9 22.3 25.4 27.8 24.1 

Mean minimum 
temperature (°C) 

18.3 18.7 17.4 15.3 12.5 10.6 9.7 10.1 11.0 12.4 14.8 16.5 13.9 

Mean rainfall 
(mm) 

20.3 11.7 20.7 39.3 87.7 127.1 149.8 119.2 79.0 42.3 22.6 11.5 734.0 

Lancelin (BoM Station 009114; located lat -31.0160, long 115.3322; data from 1965 – 2019). 

Mean maximum 
temperature (°C) 

29.1 29.9 28.5 25.5 22.7 20.3 19.2 19.4 20.6 22.5 24.9 27.3 24.2 

Mean minimum 
temperature (°C) 

17.5 18.1 16.8 14.5 12.4 10.8 9.9 9.9 10.5 12.1 14.2 16.2 13.6 

Mean rainfall 
(mm) 

11.1 12.9 15.2 30.6 78.9 118.0 119.9 91.8 56.5 28.5 20.0 8.6 603.0 
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Figure 2-3.  Mean temperature and rainfall for Swanbourne and Lancelin (Bureau of Meteorology, n.d.) 

Water temperatures of the offshore Leeuwin Current average 19 to 23°C, although have been as high as 
28°C at Rottnest Island (Department of Sustainability, Environment, Water, Population and Communities, 
2012d). The Leeuwin Current also contributes to the warmer winter temperatures and higher rainfall of the 
region relative to areas of similar latitude (Pattiaratchi, 2005). 

2.4.4 Coastal processes 

Sea breezes 
The Perth coastline has a diurnal sea breeze system, driven by the difference in air temperature over land 
and water (Masselink & Pattiaratchi, 2001). Land heats and cools more rapidly than the sea surface, which 
leads to differences in temperature between the two; these temperature differences then lead to atmospheric 
pressure differences, creating a system of breezes (Pattiaratchi, Hegge, Gould, & Eliot, 1997). During the 
evening and early morning, the air temperature over the land is cooler than the sea and so the easterly land 
breeze (offshore flow) prevails (Masselink & Pattiaratchi, 2001). This shifts over late morning to early 
afternoon as the air temperature over land increases, forming a south to south-westerly sea breeze moving 
inland (onshore flow) for as long as the temperature difference remains (Masselink & Pattiaratchi, 2001). 
This afternoon sea breeze begins around 2 pm (or anytime between 11 am and 4 pm), often with an abrupt 
increase in wind speed and shift in wind direction, and typically subsides after 6 pm (Masselink & 
Pattiaratchi, 2001).  

Sea breeze activity in Perth is strongly seasonal, with sea breezes frequent and strong over the summer 
months (approximately 20 sea breezes of 6-7 metres per second (m/s) per month) and infrequent and 
weaker over the winter (approximately 12 sea breezes of around 5 m/s per month) (Masselink & Pattiaratchi, 
1999, 2001). Conditions in winter are also more variable, with synoptic conditions associated with storm 
events bringing north-westerly to westerly winds (Masselink & Pattiaratchi, 2001). Approximately 200 sea 
breezes are experienced annually and while the sea breezes are consistently from the southwest, the 
summer sea breeze is slightly more southerly (240°) than the winter (250°) (Masselink & Pattiaratchi, 1999, 
2001). The summer sea breeze along the west coast frequently exceeds 15 m/s (sometimes exceeding 
20 m/s), making it one of the strongest and most consistent sea breeze systems in the world (Pattiaratchi, 
Hegge, Gould, & Eliot, 1997; Masselink & Pattiaratchi, 2001).  

Waves 
Perth’s nearshore and foreshore processes are heavily influenced by sea breezes. Offshore, the wave 
climate has a low to moderate energy wave regime with a south to southwest swell (Davies, 1980, as cited in 
Masselink & Pattiaratchi, 2001). This swell is attenuated by the coastal continental shelf as well as a reef 
system up to 8 km offshore which stretches along 600 km of the southwest coastline (Pattiaratchi, Hegge, 
Gould, & Eliot, 1997), such that the inshore wave height is 30-70% of offshore and the swell is generally less 
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than 1 m at the shore (WNI, 1998, and Steedman, 1993, both as cited in Masselink & Pattiaratchi, 2001). 
The actual wave energy reaching the coast can differ markedly from place to place according to the 
prominence of islands and reefs (Department of Conservation and Land Management, 1992).The tidal range 
of the Perth area is similarly small, with a 0.9 m spring maximum at Fremantle (Pattiaratchi, Hegge, Gould, & 
Eliot, 1997). Due to this partly sheltered and low-wave energy environment, barometric pressure effects (e.g. 
storm surge, shelf waves) and local wind-generated waves exercise great influence (Masselink & 
Pattiaratchi, 1999, 2001). Studies by Masselink and Pattiaratchi (1998b, as cited in Masselink & Pattiaratchi, 
1999) found that the energy levels within the surf zone increased with even a sea breezes as weak as 6 m/s. 

The influence of wind-waves on the swell regime is seasonal, with westerly to north-westerly storm waves 
predominant in winter and southerly to south-westerly sea breezes predominant in summer (Masselink & 
Pattiaratchi, 2001). Occasional summer cyclonic activity may generate waves from the south, north and west 
(Department of Conservation and Land Management, 1992). Though of short duration, these events can 
have wind gusts up to 35 m/s which are associated with high energy waves and can have a strong impact 
upon the coast (Department of Conservation and Land Management, 1992). In summer, sea breeze activity 
is accountable for up to 40% of inshore wave height variability (Masselink & Pattiaratchi, 1999, 2001). As the 
sea breeze develops, the wave climate shifts from a swell-dominated system to a wind-wave dominated 
system almost immediately, with a strong northward longshore current (attributable to the shore-parallel sea 
breeze) and increased vertical temperature profile mixing (Pattiaratchi, Hegge, Gould, & Eliot, 1997; 
Masselink & Pattiaratchi, 1999).  

Nearshore morphology 
Perth’s beaches are constantly changing in response to the wave energy associated with the diurnal sea 
breeze cycle (Pattiaratchi, Hegge, Gould, & Eliot, 1997). Nearshore, the oblique sea breeze generates strong 
longshore currents and associated increases in suspended sediment levels and sediment transport 
(Masselink & Pattiaratchi, 1999). This effect is greatest over the summer, when the southerly sea breeze is 
dominant and carries sediment north, widening beaches south of coastal obstructions as the sediment 
accumulates (Masselink & Pattiaratchi, 1999). These same beaches erode over winter when the longshore 
transport of sediment is to the south due to north-westerly storm waves, and instead accumulates at and 
widens beaches north of coastal obstructions. Beaches with a relatively straight coastline have been found to 
widen over summer and narrow over winter, but to a much lesser extent (Masselink & Pattiaratchi, 1999). 
The response of the beach to the onset of the sea breeze and its associated increase in wave energy is 
comparable to that of a small storm (Pattiaratchi, Hegge, Gould, & Eliot, 1997; Masselink & Pattiaratchi, 
1999). 

Nearshore water circulation 
Water circulation patterns along the inner continental shelf are dominated by wind stress, interacting with 
stratification, sea floor topography, tide, coastally trapped waves, and flow disturbances around headlands 
and islands (Department of Conservation and Land Management, 1992; Department of Environment and 
Conservation, 2007; Suthers & Waite, 2007). During calmer periods, regional current flow is evident with 
northward flow over the summer months from the Capes Current and southward flow over the winter from 
the Leeuwin Current (Department of Conservation and Land Management, 1992). The Leeuwin Current 
System has a relatively minor influence on nearshore currents due to the blocking effects of islands, reefs 
and sand banks (Department of Environment and Conservation, 2007). 

Coastal waters are regularly flushed by tidal currents which reverse approximately every 12 hours on the 
west coast, giving a single high and low tide each lunar day (approximately 25 hours) (Suthers & Waite, 
2007). Tidal movements are mostly caused by the gravitational pulls of the sun and moon, with maximum 
difference between high and low tide occurring with the new and full moons and neap tides (minimum 
difference between high and low tide) occurring with the quarter and three-quarter moons (Suthers & Waite, 
2007). Typically, tidal range is 1-2 m, but this can be influenced by local bathymetry (Suthers & Waite, 2007). 
The normal tidal range of the Wanneroo coast is about 0.5 m, however over the course of a year it is in the 
order of 1 m(Department of Conservation and Land Management, 1992) 
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2.4.5 Ecological influences 

Productivity 
Nutrient levels are a product of oceanographic and continental features, and Australia’s coastal waters have 
low nutrient levels when compared to global levels (Butler & Jernakoff, 1999). The South-west Marine 
Region (SWMR) (see Section 2.4.6 for further description) can be considered oligotrophic (nutrient-poor) due 
to the dominance of the Leeuwin Current (Pattiaratchi, 2007). The Leeuwin Current carries warm, low-salinity 
and low-nutrient water southwards along the WA coast, and the strength of the Leeuwin Current suppresses 
the large-scale upwelling of cold, nutrient-rich water which would otherwise supply nutrients to the surface 
layer (Butler & Jernakoff, 1999; Pattiaratchi, 2007; Suthers & Waite, 2007). This renders large parts of the 
continental shelf clear and oligotrophic (Suthers & Waite, 2007).  

Nutrient levels are also greatly influenced by the lack of river discharge, with few significant rivers and 
intermittent flow (Department of the Environment, Water, Heritage and the Arts, 2007). Australia has nutrient 
poor soils, and so little nutrients were historically present in land run off (Butler & Jernakoff, 1999). The 
combination of low terrigenous (land-originating) nutrient inputs and suppressed upwelling reinforces the 
oligotrophic status of the region (Department of the Environment, Water, Heritage and the Arts, 2007). 

Eddy fields 
Over the winter months, especially over May/June, the Leeuwin Current accelerates and becomes unsteady, 
and where it meets localised surface and subsurface currents, strong winds and topographic features (e.g. 
island, headlands, canyons), it can generate predictable mesoscale offshore eddy fields (Pattiaratchi, 2007; 
Suthers & Waite, 2007). Eddies are generated at specific topographic points, with hot spots forming off Shark 
Bay, the western side of the Houtman Abrolhos, southwest of Jurien Bay, and west of Rottnest (associated 
with the Perth Canyon, and southwest of Cape Naturaliste and Cape Leeuwin (Pattiaratchi, 2007; Suthers & 
Waite, 2007) (Figure 2-4). These eddies form isolated patches of high productivity by (a) transporting 
relatively warm, chlorophyll-rich waters off the continental shelf and into the open ocean, and (b) allowing 
localised upwelling of deep, cool, nutrient-rich waters to the surface to support plankton production 
(Pattiaratchi, 2007; Suthers & Waite, 2007). Eddies can intercept up to 20% of the Leeuwin Current annual 
flow and may be the most important contributor to offshore-productivity in the region (Suthers & Waite, 
2007). As such, eddy formation may be critical to regional fisheries such as the Western Rock Lobster (WRL) 
by influencing the productivity of offshore water for larval stages of WRL (Suthers & Waite, 2007).  
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Figure 2-4.  Ocean colour image of the WA coast showing eddies, generated by the Leeuwin Current, entraining 

chlorophyll rich water from the continental shelf (Pattiaratchi, 2005). 

Inshore nutrient dynamics 
The main source of nutrient input to coastal waters is from surface runoff, stormwater discharges, 
groundwater flows and inshore biological processes over the winter (Pearce et al. 1985, as cited in 
Pattiaratchi, 2007). Nutrient dynamics close to shore become complicated by seasonal reversal, with marine 
waters intruding into inland areas when river runoff is low, and rainfall runoff over winter an important nutrient 
source for nearshore coastal populations (Suthers & Waite, 2007). 

Turbidity 
Low river discharge and generally low productivity also results in low turbidity (low levels of suspended 
sediments and algal productivity) and relatively clear waters (Department of the Environment, Water, 
Heritage and the Arts, 2007). This allows light penetration to greater depths, which allows light-dependent 
species to occur at greater depths (e.g. seagrasses and macroalgae at depths up to 120 m) than they do 
elsewhere in Australia. The result is a continental shelf characterised by a high diversity of benthic 
communities, which support a large variety of species and contribute to high species diversity and endemism 
in the region (Evans, Bax, & Smith, 2017). 

Marine fauna and flora 
The West Coast Bioregion (WCB) (discussed in more detail in Section 2.4.6) is predominantly a temperate 
oceanic zone, with coastal waters ranging from 18-24°C, and most fish stocks in this Bioregion are 
temperate species (Gaughan, Molony, & Santoro, 2019). However, the marine flora and fauna of the 
Bioregion can also be described as a mixture of tropical and temperate species, owing to the seasonal 
influences of the tropical waters carried south by the Leeuwin Current and the temperate waters carried north 
by the Capes Current (Department of Environment and Conservation, 2007).  

The Leeuwin Current in particular is considered responsible for extending the southern range of many 
tropical species and transporting a number of tropical species to latitudes where they are not typically found, 
such as the EPBC-listed Green Turtle (Department of Sustainability, Environment, Water, Population and 
Communities, 2012d). Consequently, WA has some of the highest latitude coral reefs in the world (Hatcher, 
1991, as cited in Pattiaratchi, 2007), with coral reefs off the Abrolhos Islands (Fletcher, Shaw, Gaughan, & 
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Metcalf, 2011; Gaughan, Molony, & Santoro, 2019) and corals recorded at Rottnest and within the deeper 
waters of Cottesloe Reef FHPA.  

Another effect of the clear, warm, low-nutrient waters of the Leeuwin Current is in the growth and distribution 
of seagrasses, which form extensive meadows to depths of 20 m (occasionally down to 30 m) in protected 
coastal waters (Fletcher, Shaw, Gaughan, & Metcalf, 2011; Gaughan, Molony, & Santoro, 2019). These 
meadows are major nursery areas for many fish species, including the commercially valuable WRL 
(Gaughan, Molony, & Santoro, 2019). 

The weaker nearshore Capes Current influences the distribution of coastal finfish species (Gaughan, 
Molony, & Santoro, 2019). Along the WA coast, the main finfish resources are confined to the continental 
shelf on the land side of the Leeuwin Current, where primary production is highest (Pattiaratchi, 2007) 

Seasonal and ENSO influence 
Year-to-year variations in the strength of the Leeuwin Current, related to El Niño–Southern Oscillation 
(ENSO) events, show a relationship with recruitment patterns of invertebrates and finfish (Pattiaratchi, 2007). 
For example, a strong Leeuwin Current (typical during La Niña phases) has a positive effect on lobster 
recruitment and whitebait, but a negative impact on pilchard recruitment and scallops (Suthers & Waite, 
2007). This means there is not a direct relationship between the abundance of breeding stock and 
subsequent recruitment levels (Department of Fisheries, 2001a).The mechanisms are not well understood 
but provide an invaluable tool for fisheries management (Suthers & Waite, 2007). 

Pattiaratchi (2005) lists the Leeuwin Current as playing important roles in: 

◼ Seagrass and algae distributions  

◼ Coral spawning and distribution 

◼ Coastal finfish and scallop stocks 

◼ Seabird distribution  

Coastal ecology 
Coastal waters may be characterised by their benthic habitats, water temperature, salinity, dissolved oxygen, 
turbidity and nutrient concentrations (Suthers & Waite, 2007). Within a few metres of seemingly homogenous 
water, the conditions could be as different as rainforest and a desert. 

Surface waters are influenced by atmospheric forces (Suthers & Waite, 2007). Surface waters are warmer 
and lighter, creating stratification (layering of different densities) at deeper depths. Wind mixes the upper 
layers and reduces the stratification, forming a deeper mixed layer ranging from 5 to 100 m deep (sometimes 
200 m) of relatively constant salinity and temperature. Seasonally, the deepest mixing occurs over winter 
where sunlight inputs are less and wind strength is greatest. Below this is an abrupt change in density, 
temperature or salinity (referred to as a pycnocline, thermocline or halocline respectively) which separates 
the mixed layer from the cooler, denser water below. The thermocline is also where nutrients begin to 
increase with depth, forming an optimal combination of light and nutrients for phytoplankton. 

2.4.6 Regulatory designations and marine areas 
The marine waters of WA are categorised in a variety of ways according to ecological, geomorphological, 
and jurisdictional criteria at State and Commonwealth levels. Generally speaking, the States have 
responsibility for management of the coastal waters within 3 nautical miles (nm) of the low water mark, while 
the Commonwealth has responsibility for the waters from 3 nm (about 5.5 km) to 200 nm (about 370 km) 
(limit of the Australian Exclusive Economic Zone (EEZ)) (ANZECC TFMPA, 1998).  

The States and the Commonwealth manage their respective jurisdictions according to different management 
zones but collaborate in the designation of marine protected areas. 
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Marine Protected Areas 
The National Representative System of Marine Protected Areas (NRSMPA) is a collaboration between the 
Commonwealth and States which aims to establish and maintain a comprehensive, adequate and 
representative (CAR) system of marine protected areas (MPAs) to contribute to the long-term maintenance 
and viability of marine ecosystems, maintain ecological processes and to protect marine biodiversity 
(ANZECC TFMPA, 1998). The national and regional planning framework for the NRSMPA is the Integrated 
Marine and Coastal Regionalisation of Australia (IMCRA v4.0), a spatial framework which classifies 
Australia’s marine environment into bioregions that make ecological sense and are useful at a regional 
planning scale (Commonwealth of Australia, 2006). 

Each MPA is established especially for conserving biological diversity, is classified into one or more IUCN 
Protected Areas Management Categories (Table 2-4), can only be revoked by a Parliamentary process, and 
contributes to the comprehensiveness, adequacy and representativeness of the national system (ANZECC 
TFMPA, 1998). MPAs are declared under the appropriate State or Commonwealth legislation and include 
areas ranging from highly protected to sustainable multiple use (ANZECC TFMPA, 1998). Figure 2-5 shows 
the proximity of State and Commonwealth MPAs to the Proposal.  

Table 2-4.  Summary of IUCN Guidelines for Protected Area Management Categories.  

IUCN Category Primary Management 
Objective (ANZECC 
TFMPA, 1998) 

Description (Dudley, 2008) 

Strict nature reserve 
(IUCN Ia) 

managed primarily for 
scientific research and 
environmental 
monitoring 

Area containing outstanding biodiversity (e.g. ecosystems, species) 
and also possibly geological/geomorphological features. Human 
visitation, use and impacts are strictly controlled and limited to 
ensure protection of the conservation values. 

Wilderness area 
(IUCN Ib) 

 

protected and 
managed to conserve 
its unmodified 
condition 

Large unmodified or slightly modified areas, retaining their natural 
character and influence, without permanent or significant human 
habitation, which are protected and managed so as to preserve their 
natural condition. 

National park 
(IUCN II) 

managed mainly for 
ecosystem 
conservation and 
recreation 

Large natural or near natural areas set aside to protect large-scale 
ecological processes, along with the complement of species and 
ecosystems characteristic of the area, which also provide a 
foundation for environmentally and culturally compatible spiritual, 
scientific, educational, recreational and visitor opportunities. 

Natural monument  
(IUCN III) 

managed for 
conservation of specific 
natural features 

Area containing a specific natural monument, which can be a 
landform, sea mount, submarine cavern, geological feature such as 
a cave or even a living feature such as an ancient grove. This 
category is intended to protect the unusual rather than to provide 
logical components in a broad-scale approach to conservation. 

Habitat/species 
management area 
(IUCN IV) 

managed mainly for 
conservation through 
management 
intervention 

Area protecting particular species or habitats, with management 
reflecting this priority. Many will require regular, active interventions 
to address the requirements of particular species or to maintain 
habitats. 

Protected 
landscape/seascape 
(IUCN V) 

managed mainly for 
landscape / seascape 
conservation and 
recreation 

Area where the interaction of people and nature over time has 
produced an area of distinct character with significant ecological, 
biological, cultural and scenic value. Safeguarding the integrity of 
this interaction is vital to protecting and sustaining the area and its 
associated nature conservation and other values. 

Managed resource 
protected area 
(IUCN VI) 

managed mainly for 
the sustainable use of 
natural ecosystems 

Areas which conserve ecosystems, together with associated cultural 
values and traditional natural resource management systems. 
Generally large, mainly in natural condition, where low-level non-
industrial natural resource use compatible with nature conservation 
is seen as one of the main aims 

 





 

Project number EST04718 File EST04718_EPA Referral_Rev0.docx, 2020-04-06 Revision 0  40 

State bioregions 
Marine fishing in WA is managed using a ‘whole of ecosystem’ approach within four biological regions: North 
Coast, Gascoyne Coast, West Coast and South Coast bioregions (Department of Fisheries, 2010; Fletcher, 
Shaw, Gaughan, & Metcalf, 2011) (Figure 2-6). A ‘Bioregion’ refers to a region defined by common 
oceanographic characteristics (Gaughan, Molony, & Santoro, 2019). Both proposed UTRs are located in the 
West Coast Bioregion (WCB). The WCB encompasses the waters of the Exclusive Economic Zone (EEZ) 
(200 nm limit) from just north of Kalbarri (27°00’ S) to south of Augusta (115° 30’ E) (Gaughan, Molony, & 
Santoro, 2019). 

 
Figure 2-6.  Western Australia Recreational fishing Bioregions.  

The WCB is characterised by exposed sandy beaches and a limestone reef system creating a surface reef 
line approximately 5 km off the coast (Gaughan, Molony, & Santoro, 2019). Sea floors further offshore on the 
continental shelf are typically composed of coarse sand interspersed with low limestone reef remnant of old 
shorelines (Fletcher, Shaw, Gaughan, & Metcalf, 2011). There are a few areas of protected waters along the 
west coast: the Abrolhos Islands, leeward sides of some small islands, and behind Rottnest and Garden 
Islands (Gaughan, Molony, & Santoro, 2019). The two significant embayments within the Bioregion are 
Cockburn Sound and Geographe Bay. There are also four significant estuarine systems: Swan/Canning, 
Peel/Harvey and Leschenault estuaries and Hardy Inlet (Blackwood estuary). These estuaries are 
permanently open to the sea, forming an extension of the marine environment except when freshwater runoff 
during the winter and spring rainfalls temporarily displaces the marine water (Fletcher, Shaw, Gaughan, & 
Metcalf, 2011; Gaughan, Molony, & Santoro, 2019). 

State protected areas 
In WA, marine protected areas are declared under the CALM Act or the FRM Act (Stoddart, 2006). DBCA is 
the responsible agency for the establishment and management of marine reserves under the CALM Act, 
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while Fisheries has responsibility under the FRM Act and the Pearling Act 1990 for managing and regulating 
fishing, pearling and aquaculture in those marine reserves (Office of the Auditor General, 2016). 

Fish habitat protection areas 

A FHPA may be set aside under Section 115 of the FRM Act for the following purposes: 

◼ the conservation and protection of fish, fish breeding areas, fish fossils or the aquatic eco-system; 

◼ the culture and propagation of fish and experimental purposes related to that culture and propagation; or  

◼ the management of fish and activities relating to the appreciation or observation of fish. 

FHPAs are declared for areas of special ecological and community significance which are considered to 
require special management for their long-term sustainability (Department of Fisheries, 2010). 

A FHPA and a marine reserve declared under the CALM Act cannot exist in the same area – under Section 
116 of the FRM Act, if a FHPA already exists when a marine reserve is established, then the FHPA ceases 
to be a FHPA. 

There are currently six FHPAs (IUCN IV) in WA. The closest of these to the proposed UTRs are the 
Cottesloe Reef, approximately 81 m south of the Swabourne gazetted area, and the Lancelin Island Lagoon 
FHPA, approximately 7 km southeast of the Lancelin Operational Envelope (Figure 2-5). 

Cottesloe Reef FHPA 

The Cottesloe Reef system provides a representative assemblage of temperate marine flora and fauna in 
close proximity to an urban area, as well as having attributes unique to the Perth metropolitan area 
(Department of Fisheries, 2001b). It is located on a limestone shelf extending approximately 1.5 km offshore, 
known locally as the Cottesloe Fringing Bank (Department of Fisheries, 2010). The depth of the reef varies 
with limestone pinnacles and eroded outcrop structures. The benthic communities and substrates comprise 
sand, sand with seagrass and limestone reef with macroalgae, with coral, sea-cucumber and sponge 
assemblages occurring in deeper waters (Department of Fisheries, 2001b). In some areas, the seagrass and 
kelp beds occur within 100 m of the shore (Department of Fisheries, 2001b). Each habitat supports different 
assemblages of organisms. Finfish found in and around the reef include herring, tailor, skipjack (silver 
trevally), whiting, morwong and tarwhine (silver bream). The Cottesloe Reef system is a breeding ground for 
squid, Port Jackson sharks and other elasmobranchs including stingrays (Department of Fisheries, 2010), 
and the reef and seagrass provide habitat for the weedy seadragon (Phyllopteryx taeniolatus) and the State-
listed conservation significant leafy seadragon (Phycodurus eques) (Department of Fisheries, 2001b).  

The Cottesloe Reef System is a popular tourist attraction and recreation area, readily accessible to the 
public, and as such it is vulnerable to human impacts associated with overfishing and urban water 
management (Department of Fisheries, 2001b). The Cottesloe Reef FHPA was established for: 

◼ the conservation and protection of fish, fish breeding areas, fish fossils or the aquatic eco-system; and 

◼ the management of fish and activities relating to the appreciation or observation of fish. 

The FHPA extends approximately 4.4 km along the coast, from North Street in Cottesloe to the southern 
boundary of the Town of Mosman Park, and then 800 m west of the high-water mark (Department of 
Fisheries, 2001b).  

One objective of the Cottesloe Reef FHPA is to showcase a near-shore reef community which has not been 
significantly impacted by fishing (Department of Fisheries, 2001b). As such, prohibited activities include 
spear fishing, commercial fishing, fishing for sharks and/or rays, use of jet skis, taking of aquarium fish 
specimens, and taking of abalone south of the Cottesloe Groyne (Department of Fisheries, 2010). Taking of 
WRL in season is permitted, subject to Department of Fisheries regulations. Anchoring is prohibited due to 
the damage and disturbance caused to the reef and marine organisms; however, five seasonal moorings are 
provided (removed over winter to reduce storm damage) (Department of Fisheries, 2010). Snorkelling and 
scuba diving are encouraged. 
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Lancelin Island Lagoon FHPA 

Lancelin Island is a limestone emergence, approximately 110 km north of Perth and 800 m offshore from 
Lancelin, linked to Edward Island by intertidal and sub-tidal reef platforms (Fisheries WA, 2001). Edward 
Island and Lancelin Island are gazetted as an A-class reserve (Reserve No. 24979) managed by the DBCA, 
with the vesting extending to the low water mark. On the western side of Lancelin Island is Lancelin Island 
Lagoon, a small area of reef ranging from depths of 0.3 m on the intertidal reef to 3 m over sand or seagrass-
covered substrates. The lagoon has a diverse array of benthic habitats supporting a diverse assemblage of 
marine flora and fauna, including 13 species of large corals. Lancelin Island Lagoon is popular for snorkelling 
and diving, with peak use during summer and autumn when low swells make the area accessible to 
swimmers and divers (Fisheries WA, 2001). During high swells, the wave energy attenuation of the outside 
reef is reduced and a strong current develops.  

The key threat to the Lancelin Island Lagoon is overfishing, which has resulted in the local extinction of 
larger, edible fish species and increased fishing pressure upon small species (Fisheries WA, 2001). The 
Lancelin Island Lagoon FHPA was established for: 

◼ the conservation and protection of fish, fish breeding areas, fish fossils or the aquatic eco-system; and 

◼ the management of fish and activities relating to the appreciation or observation of fish. 

The FHPA encompasses the waters west of Lancelin Island, extending to the edge of the intertidal/sub-tidal 
reef platforms. Prohibited activities include: fishing (recreational and commercial), aquaculture, collecting any 
marine organism, and boat anchorage (Fisheries WA, 2001). Snorkelling and scuba diving are encouraged. 

State Marine Reserves 

The CALM Act provides for the protection and management of certain public lands and water and their flora 
and fauna, and establishes the Conservation and Parks Commission (Commission), an independent body 
charged with the conservation, protection and ecologically sustainable management of WA’s biological 
diversity.  

Under Section 13 of the CALM Act, the Governor may, by order published in the Gazette, reserve any part of 
WA waters as a marine nature reserve, a marine park, or a marine management area. This includes the 
airspace, seabed, land and subsoil of the area. 

Marine Parks 

Marine Parks are created under Section 13B the CALM Act to allow a level of recreational and commercial 
activity which is consistent with the conservation of the natural environment, the protection of flora and fauna 
and the preservation of any feature of archaeological, historic or scientific interest. Marine Parks (or zones 
within the Marine Park) are required to be classified as one or a combination of the following management 
zones: 

◼ a sanctuary area 

− ‘no-take areas’, managed for nature conservation and intended to protect important habitats, nursery 
and schooling areas, and threatened species. Low-impact recreation and tourism (e.g. boating, 
surfing, whale-watching) are permitted (Department of Biodiversity, Conservation and Attractions, 
2013). 

◼ a recreation area 

− managed for conservation and recreation. Recreational fishing is generally permitted, subject to 
conservations measures (e.g. bag, size and seasonal limits), but commercial fishing, pearling and 
aquaculture are prohibited (Department of Biodiversity, Conservation and Attractions, 2013). 

◼ a special purpose area 

− managed for a particular use or issue (e.g. habitat protection, wildlife breeding, whale-watching) 
(Department of Biodiversity, Conservation and Attractions, 2013). Permitted activities are dependent 
upon the purpose of the area. 

◼ a general use area 
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− Activities such as commercial fishing, aquaculture, pearling and petroleum drilling/exploration are 
permitted if they don’t compromise conservation values (Department of Biodiversity, Conservation and 
Attractions, 2013). 

Currently, there are 17 marine parks in WA. Of these, the nearest are: 

◼ Jurien Bay Marine Park, adjoining the northern side of the Lancelin UTR Operational Envelope and 
approximately 130 km north northwest of the Swanbourne UTR Operational Envelope. 

◼ Marmion Marine Park, approximately 7 km north of the Swanbourne UTR Operational Envelope and 
92 km southeast of the Lancelin UTR Operational Envelope. 

◼ Swan Estuary Marine Park, approximately 6 km southeast of the Swanbourne UTR Operational Envelope 
and 126 km southeast of the Lancelin Operational Envelope. 

◼ Shoalwater Islands Marine Park, approximately 30 km south of the Swanbourne UTR Operational 
Envelope and 149 km south-southeast of the Lancelin UTR Operational Envelope. 

These State marine parks are shown in Figure 2-5. 

Jurien Bay Marine Park 

Jurien Bay Marine Park spans 90 km of WA’s coastline extending from Green Head in the north to the 
southern boundary of Nambung National Park marked by Wedge Island (Fairclough, Potter, Lek, Bivoltsis, & 
Babcock, 2011). The park extends 10kms offshore and encompasses several small limestone islands 
(Edgar, Barrett, Bancroft, Brook, & Crane, 2005). A limestone reef system characterises the Marine Park with 
the southwards-flowing Leeuwin Current responsible for the presence of a range of tropical faunal and floral 
species in a warm temperate region (Department of Conservation and Land Management, 2005). 

Intertidal and subtidal reef platforms, sea grass meadows and sparsely or unvegetated subtidal/intertidal 
sand habitats dominate Jurien Bay (Fairclough, Potter, Lek, Bivoltsis, & Babcock, 2011). Algal communities 
are common with over 125 species found within the Marine Park including many forms of macroalgae. Small 
coral communities are also common on the intertidal limestone reef platforms however there are no coral 
reefs within the region (Fairclough, Potter, Lek, Bivoltsis, & Babcock, 2011). Shoreward of reef platforms, 
seagrass meadows are commonly found covering up to 25% of the Marine Park (Department of Biodiversity, 
Conservation and Attraction, 2018). Nine species of seagrass can be found in the Jurien Bay Marine Park 
with the two most common being Posidonia sinuosa found anywhere within 4 km of the shoreline and 
Halophila ovalis which inhabits higher energy mobile sand areas and is often removed by winter storms 
(Fairclough, Potter, Lek, Bivoltsis, & Babcock, 2011). 

The limestone reef system runs parallel to the coastline, protecting it from large ocean swells and allowing a 
sheltered, shallow lagoonal environment to provide habitats for many species (Fairclough, Potter, Lek, 
Bivoltsis, & Babcock, 2011). Numerous fish species, including tropical butterfly fish and lionfish, inhabit these 
shallow lagoonal environments along with species of shark and crustaceans such as the WRL (Department 
of Biodiversity, Conservation and Attraction, 2018). Larger mammals such as dolphins and whales can also 
be spotted alongside these reef systems (Department of Biodiversity, Conservation and Attraction, 2018). 
The Jurien Bay Marine Park is a hotspot for the Australian Sea Lion (Neophoca cinera), a species that is 
specially protected under the WA Biodiversity Conservation Act 2016 (BC Act) (Department of Conservation 
and Land Management, 2005) and the EPBC Act. North of Jurien Bay is one of the main breeding sites for 
the Australian Sea Lion in the central west coast region (Department of Conservation and Land 
Management, 2005). Additionally, this stretch of coastline has important breeding habitats for a number of 
seabird species including Fairy Terns (Sternula nereis) and Osprey (Pandion haliaetus) (Department of 
Biodiversity, Conservation and Attraction, 2018). 

The Jurien Bay Marine Park has six zone categories in operation: sanctuary, special purpose (scientific 
reference), special purpose (aquaculture), special purpose (shore-based activities), special purpose 
(puerulus monitoring), and general use zones, where recreational fishing is permitted (Department of 
Conservation and Land Management, 2005). The area adjoining the Lancelin gazetted waters is a General 
Use Zone, however the Wedge Island Sanctuary Zone (11 ha) is 840 m north of the Operational Envelope. 

Recreational fishing both on and offshore is widely seen with a large range of fish to target including Dhufish, 
snapper, Baldchin groper and whiting (Department of Biodiversity, Conservation and Attraction, 2018). 
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Commercial fishing is also popular throughout the park, mainly targeting the WRL. WRL has the highest 
economic value of any singular species in commercial fishery with over 1.6 million kg being caught each 
season (Department of Biodiversity, Conservation and Attraction, 2018). Commercial fisheries also target 
shark, abalone, mullet and specimen shells for aquariums in this area. Aquaculture operations also exist in 
specified zones throughout Jurien Bay Marine Park. Due to the diverse array of marine life diving and 
snorkelling are also common throughout the park, as are boating and surfing (Department of Biodiversity, 
Conservation and Attraction, 2018).  

Marmion Marine Park 

The Marmion Marine Park is an A-class reserve within the State coastal waters between Trigg Island and 
Burns Beach and extending 5.5 km offshore. The Marine Park has diverse marine habitats and communities, 
including sandy beaches, seagrass meadows, algal limestone pavement communities, intertidal reef 
platforms, a limestone reef approximately 1 km from the coast, and a reef system 4 km offshore (Department 
of Conservation and Land Management, 1992). The outer reef system provides for relatively protected 
waters along the coast. There are five broad habitat types within Marmion Marine Park (Department of 
Conservation and Land Management, 1992): 

◼ Lagoon Subtidal Sandy Sea Floor: Calcareous sand plains stabilised by seagrasses, with patches of 
bare sand. Seagrass meadows (mainly Posidonia spp, Amphibolis antarctica and Halophila ovalis) 
support a diverse assemblage of animals, and are an important food source, refuge and nursery for 
echinoderms, molluscs, crustacea and fish. 

◼ Lagoon Subtidal Limestone Pavement: Limestone pavement and consolidated sand substrata within 
less sheltered areas. Seagrass meadows (Amphibolis antarctica, Poisidonia spp, and Halophila ovalis) 
occur, but less extensively than in the more sheltered areas. Macroalgae (e.g. Caulerpa cactoides, 
Ecklonia radiata, and Hypnea episcopalis) are common on the limestone pavement. 

◼ Lagoon Intertidal Reefs and Little Island: Isolated patches of reefs, with areas of bare rock with mixed 
algal assemblages (including macroalgae Ecklonia radiata and Sargassum) and small molluscs. 
Sheltered, shaded areas have a dense coverage of sponges, ascidians, bryozoans, molluscs and 
starfish. Hard corals (Order: Scleractinia) are common. Little Island provides a resting site for seabirds 
and sea-lions, and an occasional breeding site for Bridled Terns. 

◼ Nearshore Reefs and Intertidal Onshore Rock Platforms: Reefs with macroalgae, typically red algae 
(Dictymenia sonderi, Hypnea episcopalis, and Vidalia spiralis) and brown algae (Ecklonia radiata, 
Lobospira bicuspidata). Abalone (Haliotis roei) and the turban shell (Turbo torquatus) are common. 

◼ Offshore Shallow Limestone Reefs: reef with marked water depth-related algal zonation. Algae such as 
Sargassum are common in the shallower regions, shifting to dense stands of kelp (Ecklonia radiata) and 
a sub-canopy of encrusting coralline algae below 2 m, with decreasing density of kelp to about 25 m, at 
which point red algae, sponges and epilithic seagrass (e.g. Thalassodendron sp.) predominate. 

These habitats support a wide assemblage of marine life including marine mammals such as sea lions, 
dolphins and whales, which provide for commercial diving and whale-watching tourist attractions, as well as 
recreational and commercial fishery species such as rock lobster, abalone and finfish (Department of 
Conservation and Land Management, 1992). The Marine Park supplies approximately 0.7% of WA’s annual 
WRL catch (~80,000 kg) and 20% of WA’s commercial Roe’s Abalone (Haliotis roei) catch (Department of 
Conservation and Land Management, 1992) 

This section of coast is heavily urbanised with a growing population, and the Marine Park has extensive 
recreation uses, particularly swimming, diving, sailing and fishing, supported by local boat harbours 
(Department of Conservation and Land Management, 1992). The adjacent land is mostly reserved as 
Regional Open Space for Parks and Recreation. Commercial fisheries such as the WRL also operate in the 
Marine Park. There are increasing user conflicts as the northern suburbs expand and there are 
corresponding increases in recreational usage, community expectations for recreational developments, and 
interactions between users and wildlife and easily accessible reef areas.  

The Marine Park is managed to permit recreational and commercial uses which are compatible with 
conserving the natural marine environment (Department of Conservation and Land Management, 1992). The 
majority of the Marine Park is zoned General Use (IUCN II), with one Recreation zone (IUCN II) and three 
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Sanctuary zones (IUCN Ia). Permitted catch within the General Zone includes Osteichthyes (bony fishes) 
and Chondrichthyes (cartilaginous fishes), cephalopods (cuttlefish, squid and octopus), WRL (Panulirus 
cygnus), Blue Swimmer Crab (Portunus armatus) and Roe’s Abalone. 

Commonwealth marine regions 
The Australian Government uses an ecosystem approach for managing biodiversity in the marine 
environment (Department of the Environment, Water, Heritage and the Arts, 2007). Six marine regions have 
been designated based on the IMCRA v4.0 regionalisation: North, Coral Sea, Temperate East, South-east, 
South-west and North-west. Both the Swanbourne and Lancelin proposed UTRs are within the coastal 
waters adjacent to the South-west Marine Region (SWMR), which extends from Shark Bay in WA to 
Kangaroo Island in South Australia (SA). 

 
Figure 2-7.  Australian Government Marine Regions (Commonwealth of Australia, 2019) 

 

Key ecological features of the SWMR along the west coast are (Department of the Environment, Water, 
Heritage and the Arts, 2007): 

◼ west coast canyons and adjacent shelf break (enhanced productivity; feeding aggregations; unique 
seafloor feature) 

◼  meso-scale (hundreds of kilometres) eddies in predictable locations, including south-west of Jurien Bay 
(enhance productivity; feeding aggregations) 

◼ Commonwealth waters within and adjacent to the west coast inshore lagoons – extending from south of 
Mandurah to Kalbarri (enhanced productivity (benthic); breeding and nursery aggregations) 

◼ WRL (species with an important ecological role) 

◼ small pelagic fish (species group with important ecological role) 
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The major marine industries of the SWMR are fishing, aquaculture, tourism, shipping, petroleum exploration 
and Defence activities (Department of the Environment, Water, Heritage and the Arts, 2007).  

Commonwealth marine reserves 
The SWMR comprises 14 Commonwealth Marine Parks. The closest of these to the proposed UTRs are: 

◼ Jurien Marine Park, approximately 18 km northwest of the Lancelin UTR Operational Envelope and 
150 km north northeast of the Swanbourne UTR Operational Envelope 

◼ Two Rocks Marine Park, approximately 26 km north northwest of the Swanbourne UTR Operational 
Envelope and 60 km south of the Lancelin UTR Operational Envelope. 

◼ Perth Canyon Marine Park, approximately 45 km west of the Swanbourne UTR Operational Envelope and 
96 km southwest of the Lancelin UTR. 

These Commonwealth marine reserves are shown in Figure 2-5. 
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3 Stakeholder engagement 

3.1 Key stakeholders 
Stakeholders (Table 3-1) have been identified based on the Proposal location, surrounding land use, 
preliminary advice from the EPA, elements potentially of significant interest to non-governments 
organisations and community groups, and the potential impacts and risks. 

Table 3-1.  Stakeholders identified for engagement 

Stakeholder Category Area of interest / concern 

Environmental Protection 
Authority  

State ◼ Potential impacts on marine fauna and flora including nearby 
seagrass meadows or limestone reefs (Lancelin) 

◼ Impact on fisheries (considered to be the environmental receptor 
most at risk) 

◼ Proximity to the Wedge Island Sanctuary Zone (Lancelin) 

◼ Impacts on whale migration 

◼ Potential contamination  

◼ Noise and vibration ecological effects 

◼ Plans for monitoring 

Department of Primary 
Industries and Regional 
Development | Fisheries 

State 
Government 

◼ Swanbourne and Lancelin locations are of interest 

◼ Potential impacts on commercial and recreational fishing (fish 
considered to be the environmental receptor most at risk) 

◼ Marine fauna and flora 

◼ Potential contamination 

◼ Noise and vibration ecological effects 

◼ Plans for monitoring 

Department of Biodiversity, 
Conservation and 
Attractions | Parks and 
Wildlife Service 

State 
Government 

◼ Swanbourne and Lancelin locations are of interest 

◼ Potential impacts on marine fauna and flora including nearby 
seagrass meadows or limestone reefs (Lancelin) 

◼ Impact on fisheries (considered to be the environmental receptor 
most at risk) 

◼ Proximity to the Wedge Island Sanctuary Zone (Lancelin) 

◼ Impacts on whale migration 

◼ Potential contamination  

◼ Noise and vibration ecological effects 

◼ Plans for monitoring  

Water Corporation State body ◼ Only concerned with the Swanbourne location. 

◼ Assets at Swanbourne Beach 

◼ Access to undertake water monitoring (compliance obligation) 

WAFIC | Commercial 
fishers 

Peak industry 
body 

◼ Swanbourne and Lancelin locations are of interest 

◼ Potential impacts on commercial fishing (fish considered to be the 
environmental receptor most at risk) 

◼ Access or exclusion zones 
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Recfishwest Peak industry 
body 

◼ Swanbourne and Lancelin locations are of interest 

◼ Potential impacts on recreational fishing (fish considered to be the 
environmental receptor most at risk) 

◼ Access or exclusion zones 

City of Nedlands Local 
Government 

◼ Only concerned with the Swanbourne location. 

◼ Impacts on local businesses or community in terms of 
environmental, noise and vibration or contamination. 

Shire of Gingin Local 
Government 

◼ Only concerned with Lancelin location. 

◼ Impacts on local businesses or community in terms of 
environmental, noise and vibration or contamination. 

◼ Proximity to the Wedge Island Sanctuary Zone (Lancelin) 

Shire of Dandaragan Local 
Government 

◼ Only concerned with Lancelin location. 

◼ Impacts on local businesses or community in terms of 
environmental, noise and vibration or contamination. 

◼ Proximity to the Wedge Island Sanctuary Zone (Lancelin) 

3.2 Stakeholder engagement process 
The primary goal for community and stakeholder engagement was to ensure key State and local government 
stakeholders, industry and advocacy groups were provided with first-hand information and given the 
opportunity to identify concerns so that they could be addressed prior to the proposal. 

Stakeholder engagement for the Proposal began in January 2020 and included: 

◼ An initial phone call and/or email introducing the project and requesting a meeting; 

◼ Meetings with stakeholders to brief them on the project and invite feedback on management 
considerations or concerns they had for the proposal. This involved a presentation which included: 

− A summary of the Proposal 

− A rationale for consultation 

− Indicative layout and benthic habitat mapping for Swanbourne and Lancelin 

− Aurecon’s scope of works 

− Defence proposed activities 

− Key areas of investigation and potential impacts / risks and management strategies across: 

◼ Marine fauna and flora 

◼ Contamination 

◼ Benthic habitat and communities 

3.3 Stakeholder consultation 
Table 3-2 presents a summary of stakeholder consultation conducted to date. Further consultation will be 
undertaken as the Proposal progresses through the environmental referral process and opportunities for 
further engagement are identified. A summary of the concerns raised is presented in Table 3-3 . 
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Table 3-2.  Stakeholder consultation 

Stakeholder Date Issues/topics raised Proponent response/outcome 

Environmental 
Protection 
Authority  

21 January 
2020 

◼ Aurecon provided update on Proposal status and stakeholder 
engagement. EPA provided contact information for Fisheries and 
DBCA, and advised engagement with the Water Corporation. 

◼ EPA queried the potential presence of UXO (unexploded ordnance). 

◼ EPA suggested an annual-close out report. 

◼ EPA provided advice on assessment methodology for benthic habitat 
(given the very minor (if any) impacts predicted) 

◼ EPA suggested refinement of the Lancelin Operational Envelope at 
Lancelin 

◼ EPA suggested creating a set procedure for megafauna observation 
and monitoring, based on current best practice 

◼ Aurecon consulted with DBCA, Fisheries, Water Corporation 

◼ Aurecon confirmed with Defence that a visual check for UXO will be 
undertaken prior to training exercises 

◼ Defence has committed to annual reporting, to be supported by photo 
monitoring for the first two years 

◼ Lancelin Operational Envelope was revised – truncated to extent of 
benthic mapping and the Jurien Bay Marine Park 

◼ Aurecon advised that existing Defence marine fauna protocols would 
be followed. This includes monitoring of fauna prior to and during 
training with the use of spotters trained in marine fauna observation. 

Department of 
Primary Industries 
and Regional 
Development | 
Fisheries 

11 
February 
2020 

◼ Fisheries queried what 0.5 kg and 5.0 kg charges would look like 

◼ Fisheries queried how sites would be selected for the Training 
Footprint and the overall impact of moving the Training Footprint 

◼ Fisheries acknowledged there may be some schools of fish in the 
area of the UTRs, but none raising sustainability concern 

◼ Fisheries raised that seismic activity has the potential to impact WRL 
(Lancelin) 

◼ Fisheries queried the potential for contamination (debris and charge 
constituents) 

◼ Fisheries queried public safety and management measures for 
recreational fishing and boat users in and around the area when the 
training is being conducted. It was noted Notice to Mariners is not 
always effective.  

◼ Fisheries were satisfied the Proposal posed no substantive risk to fish 
populations or benthic communities and habitat (BCH) 

◼ Aurecon responded that for a 0.5 kg charge, surface expression would 
be limited to some light bubbles (and charges in the 100-250 g would 
have no visible surface expression). The 5 kg at Lancelin would have a 
small, characteristic splash. 

◼ Aurecon responded that the Training Footprint will be located over 
areas of bare sand / sparse vegetation. Cumulative impacts are 
mitigated by moving the location. 

◼ Invertebrates, including WRL, are highly resistant to underwater 
detonations. The Training Footprint will be at least 50 m from WRL 
habitat (limestone reef and seagrass meadow) at Lancelin, and impacts 
are not considered significant at the local or regional population level 
(Section 4.2.7). Aurecon advised that detonations are a discrete event 
unlike the extended pulse exposure of seismic activities. 

◼ Aurecon responded that no toxicity, bioaccumulation or sediment 
contamination from detonation materials are expected; and Defence 
will conduct post-training clean-up. 

◼ Public access and safety are addressed by existing Defence protocols 
(Sections 5.1 and 5.2). Safety-related restrictions on access is not 
considered to be a significant change from existing Defence practices. 
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Stakeholder Date Issues/topics raised Proponent response/outcome 

Department of 
Biodiversity, 
Conservation and 
Attractions | Parks 
and Wildlife 
Service 

11 
February 
2020 

◼ DBCA confirmed the BC Act is the key legislation from its perspective 
and noted that the Proposal: 

− will not impact upon offshore cetaceans; and training exercises 
avoid the nearshore Humpback Whale southbound migration 

− is too far south for most species of concern 

◼ DBCA queried how fauna would be cleared from the area. 

◼ DBCA requested a courtesy notification ahead of any training 
activities conducted in close proximity to Jurien Bay Marine Park. 

◼ DBCA were satisfied that the small charge sizes posed little risk to 
marine fauna, and this risk was readily mitigated with management 
measures (spotting, monitoring etc.). 

◼ Aurecon confirmed that a charge would not to be detonated unless the 
area is deemed clear of large marine fauna and birds to the designated 
distances. Scare tactics (or other harassment) would not be used to 
clear the area. 

◼ Aurecon indicated that training is unlikely to be close to the boundary 
with the Jurien Bay Marine Park as there is some 12.5 km of coastline 
in which a 10x10m Training Footprint can be located. 

WAFIC | 
Commercial 
fishers 

14 
February 
2020 

◼ WAFIC noted that ‘sparse habitat’ (BCH siting criteria) supports 
species such as scallops.  

◼ WAFIC advised engagement with WRL Council (Lancelin). 

◼ WAFIC raised access concerns for commercial fishing  

◼ WAFIC queried whether the overall impact would be reduced with a 
fixed Training Footprint location. 

◼ Invertebrates, including scallops, are highly resistant to underwater 
detonations. Impacts are not considered significant at the local or 
regional population levels (Section 4.2.7)  

◼ Aurecon made contact with the WRL Council  

◼ Public access is addressed by existing Defence protocols (Section 5.2). 
Restrictions on access from the Proposal is not considered a significant 
change from existing Defence practices. 

◼ Aurecon responded that cumulative impacts are mitigated by moving 
the location. 

Recfishwest 14 
February 
2020 

◼ Recfishwest raised concerns regarding: 

− Access and safety for recreational fishermen 

− Quality of fishing experience 

− Perceptions of fish kill 

◼ Public access and safety are addressed by existing Defence protocols 
(Sections 5.1 and 5.2). Safety-related restrictions on access is not 
considered to be a significant change from existing Defence practices. 

◼ Potential impacts upon recreational and commercial activities are not 
considered significant (Section 5.2.6). Potential impacts to 
invertebrates and fish are not considered significant at a local or 
regional population level (Sections 4.2.7 and 4.4.7). 

◼ Aurecon responded that Defence will conduct post-training clean-up 
(including collection of any fauna casualties). 
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Stakeholder Date Issues/topics raised Proponent response/outcome 

Water Corporation 17 
February 
2020 

◼ Water Corporation flagged two outfalls at Swanbourne, with 
compliance obligations for water quality. Key concerns: 

− Potential impact to outfall structure 

− Access for water monitoring program 

− Potential for interaction of outfall wastewater discharge with the 
charge constituents   

◼ Water Corporation’s water monitoring contractor (BMT) provided 
Aurecon with a summary of the water sampling program (frequency, 
duration and weather constraints)   

◼ Aurecon advised of estimated peak pressure at 100 m (proposed buffer 
of Water Corporation assets at Swanbourne). The Water Corporation 
was satisfied this does not present a structural risk. 

◼ Aurecon provided the water monitoring contractor (BMT) with a 
summary of proposed activities (charge sizes and constituents, and 
frequency of training exercises). BMT concluded potential 
contaminants from detonation materials are unlikely to be mistaken for 
a component of Water Corporation's discharge or combine with Water 
Corporation's contaminants to generate a cumulative effect (Section 
4.3.5). 

◼ Defence committed to factoring the monitoring program into the 
Swanbourne Range facilities program schedule and liaising with Water 
Corporation/BMT accordingly.  

City of Nedlands 20 January 
2020 

◼ City of Nedlands queried potential for debris 

◼ City of Nedlands queried what reporting mechanisms would be in 
place  

◼ Aurecon that Defence will conduct post-training clean-up (including 
collection of any fauna casualties) 

◼ Defence has committed to annual reporting, to be supported by photo 
monitoring for the first two years 

Shire of 
Dandaragan 

24 
February 
2020 

◼ Shire of Dandaragan advised engagement with WRL Council 
(Lancelin) regarding any potential impact the Proposal might have on 
the WRL industry. 

◼ Aurecon advised that Western Rock Lobster Council had been 
contacted for a briefing. 

◼ Invertebrates, including WRL, are highly resistant to underwater 
detonations. Impacts upon WRL are not considered significant at the 
local or regional population levels (Section 4.2.7) and potential impacts 
upon recreational and commercial activities are not considered 
significant (Section 5.2.6). 

Shire of Gingin The Shire of Gingin were contacted for a briefing and presentation of the Proposal. No response received. 

WRL Council The WRL Council were contacted for a briefing and presentation of the Proposal. No response received. 
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Table 3-3 below provides a summary of concerns raised during consultation and where this concern has 
been addressed within this supporting document. 

Table 3-3.  Summary of concerns raised and reference section within this report 

Key Concern Where addressed in this supporting document 

Toxicity of charge constituents Marine Environmental Quality: Sections 4.3.5 to 4.3.7 

Debris from detonation; fish kills (public 
perception) 

Marine Environmental Quality: Sections 4.3.5 to 4.3.7 

Location of Training Footprint with respect to 
benthic habitat and communities 

Benthic Communities and Habitat: Sections 4.2.5 to 4.2.7 

Public safety Human Health: Sections 5.1.4 to 5.1.6 

Public access Social Surroundings: Sections 5.2.4 to 5.2.6 

Impacts to marine fauna (cetaceans) Marine Fauna: Sections 4.4.5 to 4.4.7 

Impacts upon recreational and commercial 
species (i.e. finfish, scallops and Western Rock 
Lobster) 

Benthic Communities and Habitat: Sections 4.2.5 to 4.2.7 

Marina Fauna: Sections 4.4.5 to 4.4.7 

Social Surroundings: Sections 5.2.4 to 5.2.6 
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4 Environmental principles and factors 

4.1 Identification of Environmental Factors and 
Consistency with Principles  

An assessment of potential key environmental factors against the EPA’s Statement of Environmental 
Principles, Factors and Objectives (Environmental Protection Authority, 2018e) has identified the following 
key and other environmental factors that are to be considered within this assessment: 

◼ Key Factors 

− Benthic Communities and Habitats 

− Marine Environmental Quality 

− Marine Fauna 

◼ Other Environmental Factors 

− Human Health 

− Social Surroundings 

Section 4A of the EP Act identifies a number of principles to protect the environment of Western Australia. 
The environmental principles are the highest assessment level that a Proposal or scheme must meet in order 
to be found environmentally acceptable by the EPA. Table 4-1 below outlines how these principles have 
been considered by Defence in relation to the Proposal. 

Table 4-1.  EP Act principles 

Heading Consideration 

1. The precautionary principle  

Where there are threats of serious or irreversible damage, 
lack of full scientific certainty should not be used as a 
reason for postponing measures to prevent environmental 
degradation. 

In application of this precautionary principle, decisions 
should be guided by:  

a) careful evaluation to avoid, where practicable, 
serious or irreversible damage to the 
environment; and  

b) an assessment of the risk-weighted 
consequences of various options. 

The Proposal has been designed to avoid, as far as 
practicable, any serious environmental harm. The 
Training Footprints will be located over areas of bare 
sandy substrate or sparse seagrass (<25% vegetative 
cover) to avoid impacts to seagrass meadows and reef 
communities. 

Specialist studies have been undertaken (benthic 
mapping, marine noise/pressure effects, contaminant 
potential) to inform the understanding of the existing 
environment and identify the potential impacts from the 
Proposal. Where there were areas of uncertainty 
regarding potential impacts, conservative assumptions 
were made. 

Impacts are considered to be limited to a short-term 
crater and a small take of fish and invertebrate species. 
This will be documented and audited with pre- and post-
exercise photographic surveys which will allow the 
evaluation of any impacts, and inform future detonation 
training as appropriate. 

Defence considers that the Proposal meets the 
application of the precautionary principle. 

2. The principle of intergenerational equity  

The present generation should ensure that the health, 
diversity and productivity of the environment is maintained 
and enhanced for the benefit of future generations. 

The Proposal is not predicted to have any long-term 
impacts upon the health, diversity and productivity of the 
environment. The Proposal has been designed to 
minimise impacts upon benthic communities and habitats 
and avoid impacts upon conservation significant species. 
No bioaccumulation of detonation compounds in the 
sediments or organisms is anticipated. 
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Heading Consideration 
Defence considers that the Proposal meets the principle 
of intergenerational equity. 

3. Principles relating to improved valuation, pricing and 
incentive mechanisms  

a) Environmental factors should be included in the 
valuation of assets and services. 

b) The polluter pays principles – those who 
generate pollution and waste should bear the 
cost of containment, avoidance and abatement.  

c) The users of goods and services should pay 
prices based on the full life-cycle costs of 
providing goods and services, including the use 
of natural resources and assets and the ultimate 
disposal of any waste. 

d) Environmental goals, having been established, 
should be pursued in the most cost effective 
way, by establishing incentive structure, 
including market mechanisms, which enable 
those best placed to maximise benefits and/or 
minimise costs to develop their own solution and 
responses to environmental problems. 

Defence considers that the Proposal meets the principles 
related to improved valuation, pricing and incentive 
mechanisms. 

The Proponent accepts that costs for environmental 
management are part of the overall Proposal costs. This 
includes identified management actions required to 
undertake training. 

The Proposal is consistent with internal Defence 
guidance on environmental management and 
environmental considerations are a key criterion in the 
annual selection of sustainable training sites that provide 
value for money to the Commonwealth. 

4. The principle of the conservation of biological diversity 
and ecological integrity  

Conservation of biological diversity and ecological 
integrity should be a fundamental consideration. 

The Proponent has identified three key environmental 
factors (benthic communities and habitats, marine 
environmental quality, and marine fauna) relevant to the 
Proposal. 

Technical studies pertinent to key environmental factors 
have been undertaken to identify potential impacts and 
management actions to minimise the impact of the 
Proposal and align with the EPA objective for each 
environmental factor. No long-term impacts on 
environmental values are expected to occur. 

Defence considers that the Proposal meets the principle 
of the conservation of biological diversity and ecological 
integrity. 

5. The principle of waste minimisation  

All reasonable and practicable measures should be taken 
to minimise the generation of waste and its discharge into 
the environment. 

Currently, there are no facilities to conduct underwater 
demolitions training in Western Australia, forcing ADF 
personnel to travel interstate or overseas for this training. 
There are high logistic and cost requirements involved in 
doing so, as well as the carbon footprint involved in air 
travel which would be minimised with training options on 
in Western Australia. 

Defence considers that the Proposal meets the principle 
of waste minimisation. 

4.2 Benthic Communities and Habitats 
This section describes the benthic communities and habitats (BCH) which occur or may occur in the vicinity 
of the proposed UTRs. 

For the purposes of EIA, benthic communities are the biota living in or on the seabed and includes taxa such 
as algae, seagrass and corals as well as molluscs, sponges and worms (Environmental Protection Authority, 
2016a). Crustaceans are typically treated as Marine Fauna (see Section 4.4) under the Marine Fauna EPA 
guidance (Environmental Protection Authority, 2016d), however have been included in this section to discuss 
invertebrates in general. Benthic habitats are the seabed substrates capable of supporting benthic 
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communities and range from unconsolidated sand to rock. In this section, ‘BCH’ has been used to 
collectively describe the communities and substrates which provide broad-level habitat types for marine 
fauna.  

4.2.1 EPA objective 
To protect benthic communities and habitats so that biological diversity and ecological integrity are 
maintained. 

In this context, “ecological integrity” refers to the composition, structure, function, processes and natural 
variation of ecosystems (Environmental Protection Authority, 2016a). 

4.2.2 Policy and guidance 
Legislative instruments, policies and guidance considered relevant to the environmental impact assessment 
of benthic communities and habitats are presented below: 

Legislative instruments 
◼ BC Act 

◼ EP Act 

◼ FRM Act 

◼ CALM Act 

◼ EPBC Act 

EPA policy and guidance  
◼ Statement of Environmental Principles, Factors and Objectives (Environmental Protection Authority, 

2018e) 

◼ Environmental Factor Guideline: Benthic Communities and Habitats (Environmental Protection Authority, 
2016a) 

◼ Environmental Factor Guideline: Marine Environmental Quality (Environmental Protection Authority, 
2016c) 

◼ Environmental Factor Guideline: Marine Fauna (Environmental Protection Authority, 2016d). 

◼ Technical Guidance: Protection of Benthic Communities and Habitats (Environmental Protection 
Authority, 2016i) 

◼ Technical Guidance - Environmental Impact Assessment of Marine Dredging Proposals (Environmental 
Protection Authority, 2016g) 

◼ Technical Guidance Protecting the Quality of Western Australia’s Marine Environment (Environmental 
Protection Authority, 2016h) 

Other policy and guidance 
◼ “Appendix B: Potentially contaminating industries, activities and land uses” in Assessment and 

management of contaminated sites: Contaminated sites guidelines (Department of Environment 
Regulation, 2014) 

◼ Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018) 

◼ A Directory of Important Wetlands in Australia (Environment Australia, 2001) 
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4.2.3 Receiving environment 
This section provides a summary of the studies undertaken for the Proposal and of the project setting in 
context of the existing environmental values.  

At a regional scale, the lower mid-west coast of Western Australia is characterised by coastal limestone reefs 
covered in macroalgae and a series of deeper reefs offshore, with extensive areas of sand between reefs  
(Department of Fisheries, 2001a). A series of shallow reefs separating the coasts into nearshore lagoon 
areas and open shelf areas. The macrophytes of the reefs are dominated by seagrasses and macroalgae in 
the south, and corals and coralline algae to the north (Ningaloo Reef) (Suthers & Waite, 2007). The shallow 
(< 20 m deep) nearshore waters of the Rottnest shelf, encompassing the locations of both UTRs, supports a 
variety of benthic habitats varying from seagrasses in more sheltered sandy areas, to limestone reefs and 
platforms supporting a variety of algal communities in the more exposed coastal areas. The low nutrient 
environment and high-water clarity mean that seagrasses are a common feature in the depth range of 1 to 
15 m.  

Survey effort 
BCH mapping was undertaken by EOMAP (2019) using Very High-Resolution Satellite-Derived Bathymetry 
and Seafloor Classification, based on satellite imagery captured on July 2017 at a spatial resolution of 2 m. 
Mapping extent (Figure 4-1 and Figure 4-2) covered as much of the gazetted waters as possible, to a depth 
of approximately 18 m based on water clarity. Of note, recently dead or senesced (e.g. winter dieback of 
leaves), and mobile seagrass have the same satellite signature as live seagrass at spectral resolutions of the 
sensor (WorldView). This ensured that areas of winter dieback and/or senescence would be captured as 
areas of seagrass for the purposes of informing site location and subsequent impact assessment.  

The Proposed Lancelin Operational Envelope was truncated to the boundary of the Jurien Bay Marine Park 
and the limit of mapped benthic habitat (EOMAP, 2019). 

BCH types occurring at Swanbourne and Lancelin 
Five benthic community/habitat types were identified by EOMAP (2019) as occurring within the gazetted 
waters at both UTRs. These BCHs are mapped in Figure 4-1 and Figure 4-2 with their habitat description 
and respective areas presented in Table 4-2.  

Unconsolidated sediment is the most common substrate found within both the Swanbourne and Lancelin 
Operational Envelopes (nearly 100% and 92.5% respectively) and hardbottom/reef habitat makes up the 
remainder (less than 1% of substrate at Swanbourne and 7.5% at Lancelin) (Table 4-2). Unconsolidated 
sediments provide habitat for four species of seagrass (Posidonia sp., Amphibolis sp., Zostera sp., and 
Halophila sp.) in various densities, while hardbottom/reef areas provide habitat for macroalgal species, such 
as Ecklonia radiata. 

The environmental values associated with these BCHs are described below. 
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Table 4-2.  Benthic habitats within the Proposed Operational Envelopes.  

Habitat Swanbourne 
Operational 
Envelope 

Lancelin 
Operational 
Envelope 

Area (ha) % Area (ha) % 

Hardbottom covered with macroalgae: 
Bedrock, rock, coral, or coarse gravel, including pockets or thin layers of 
softer sediments often found on the surface of rocky substrata with greater 
than 25% macroalgae cover. 

0.04 0 341.42 7.5 

Seagrass meadow (Posidonia sp.):  
Greater than 25% vegetative cover, dominated by Posidonia sp. 66.77 5.6 2,102.20 46.4 

Seagrass meadow (unspecific / Halophila sp.): 
Greater than 25% vegetative cover, dominated by seagrass species other 
than Posidonia, including Zostera, Amphibolis, and Halophila. 

339.57 28.4 
- - 

Unconsolidated sediment with sparse vegetation cover: 
A (mostly) sandy area where 5-25% of the area is covered with vegetation 
like seagrass (Posidonia, Zostera, Amphibolis, Halophila, etc.). 

720.24 60.2 
- - 

Unconsolidated sediment (Sand, uncovered): 
 A (mostly) sandy area with less than 5% vegetation cover. 70.33 5.9 2,085.30 46 

TOTAL 1196.95  4,528.92  







 

Project number EST04718  File EST04718_EPA Referral_Rev0.docx, 2020-04-06  Revision 0   60 

BCH environmental values 
BCH play an important role in the integrity of ecosystems through provision of diverse habitats, refuge, and 
food resources. Some BCH are critical for the long-term viability of conservation significant or iconic/ 
commercially-important species, through provision of important recruitment, nursery and feeding areas 
(Environmental Protection Authority, 2016a). Benthic primary producer habitats, such as seagrass meadows, 
coral reefs, and intertidal algal mats, are particularly important in the nutrient-poor WA coastal waters, where 
they can form the foundation of marine food webs supporting economically-important fisheries and 
recreational fishing (Environmental Protection Authority, 2016i). Other services include energy attenuation of 
waves and currents (maintaining coastal processes) and provision of habitat for species which maintain 
water quality and clarity (Environmental Protection Authority, 2016a). The maintenance of healthy and viable 
BCH is considered to boost the overall resilience of the marine and coastal environment to the future 
challenges of increased human pressure and climate change (Environmental Protection Authority, 2016i).  

Hardbottom covered with macroalgae 
The “Hardbottom covered with macroalgae” BCH is very limited at both locations, representing <0.005% of 
the Operational Envelope at Swanbourne and 7.5% of the Operational Envelope at Lancelin. The 
hardbottom substrate includes bedrock, rock and coarse gravel, with pockets or thin layers of softer 
sediments, which provides a firm attachment surface for algae and sessile invertebrates (Bryars & Kendrick, 
2006), including the commercially valuable abalone (Department of Primary Industries and Regional 
Development, 2018). This BCH is important habitat for the WRL and other marine fauna (see Section 4.4). 

Macroalgae 

Macroalgae communities provide food, nursery areas, and three-dimensional shelter for a wide variety of 
organisms, in addition to nutrient and carbon cycling (Goldberg & Collings, 2006). Macroalgae communities 
provide greater than 25% cover in the “Hardbottom covered with macroalgae” BCH. 

Subtidal reefs in nearshore, temperate waters of WA typically have a canopy dominated by the kelp Ecklonia 
radiata and a high coverage of understorey foliose algae (Smale, et al., 2010), with common understorey 
genera including Pterocladia, Rhodymenia, Amphiroa and Dictyomenia (Steinberg & Kendrick, 1999, as cited 
in Goldberg & Collings, 2006). E. radiata has been estimated to comprise 95% of algal biomass at depths 
from 6-10 m along northern Perth (Kirkman, 1981a, as cited in Goldberg & Collings, 2006) and is an 
important nitrogen source in coastal waters (Goldberg & Collings, 2006). 

Corals and sponges 

If present, corals and sponges would be found within the “Hardbottom covered with macroalgae” BCH. 

Order Scleractinia, the stony corals, are listed by CITES (Convention on International Trade in Endangered 
Species) as threatened by international trade, placing their import and export subject to permissions under 
the EPBC Act (Stoddart, 2006). Stony corals grow on coral reefs (where coral has constructed the substrate) 
or on hard-bottoms, however they are extremely uncommon in coastal waters influenced by freshwater 
inputs, owing to their intolerance of lowered salinity and land-derived sediments. Corals are primarily tropical 
species, and while the SWMR is loosely correlated with a reduced abundance and diversity of coral species, 
the influence of the Leeuwin Current maintains a coral reef as far south as Rottnest (Stoddart, 2006) and 
corals are known from the deeper waters of the Cottesloe Reef FHPA (Department of Fisheries, 2010). 

Sponges are more significant occupiers of space where macroalgae are less dominant, and although they 
are generally fixed to firm substrates, they can also inhabit soft sediments using anchoring spiracles or by 
welding shell fragments into their base (Sorokin & Fromont, 2006). As sessile filter feeders, sponges provide 
three-dimensional shelter and substrate for a wide variety of organisms and filter organic material and 
bacteria from the water column (Sorokin & Fromont, 2006). Sponges are easily damaged (Sorokin & 
Fromont, 2006). Very little is known about their basic biology, rates of mortality and recruitment, 
reproduction, growth and age, however sponges are generally thought to be slow growing and long lived 
(Sorokin & Fromont, 2006). 
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Seagrass communities  
Seagrass communities are represented within the following BCH types:  

◼ Seagrass meadow (Posidonia sp.) (> 25% vegetative cover) 

◼ Seagrass meadow (unspecific / Halophila sp.) (> 25% vegetative cover) 

◼ Unconsolidated sediment with sparse vegetation cover (5-25% vegetative cover) 

Seagrass meadow (Posidonia sp.) is the only seagrass community BCH present at Lancelin, and accounts 
for 46% of the Operational Envelope. All three seagrass BCH are present at Swanbourne, which collectively 
make up 94% of the Operational Envelope (60% sparse seagrass (5-25% vegetative cover); 34% seagrass 
meadow (>25% vegetative cover)). 

Seagrasses grow on sediments in shallow, coastal environments, wherever the hydrodynamics are 
favourable and the light is sufficient, generally ranging from intertidal to 35 m deep on sand, but also deep 
rock to depths of 50 m (Bryars & Kendrick, 2006). Seagrass habitats are largely influenced by ocean swell 
and large-scale sand movement (discussed further in Section 2.4.4). The diversity of seagrasses in 
temperate southwestern waters is the highest of any temperate region in the world, reflecting the broad array 
of environments present, from estuaries, lagoons, sheltered bays, wave-exposed nearshore and offshore 
areas. Temperate WA waters host some 20,000 km2 of seagrasses (Walker, 1991, as cited in Bryars & 
Kendrick, 2006). 

Seagrass communities are typically present in a patchy mosaic of sandy areas and seagrass meadows 
(Bryars & Kendrick, 2006), and seagrass patches may change in size, density and associated fauna 
communities from year to year (Hemminga and Duarte, 2000, as cited in Erftemeijer & Lewis III, 2006). This 
variation reflects processes of seagrass loss, largely due to physical disturbances, and seagrass gain via 
recruitment (from seedlings and rhizome spread) and colonisation (from detachment of rhizomes or stems 
with adventitious roots which then attach in sandy areas) (Bryars & Kendrick, 2006). Seagrasses may also 
exhibit seasonal variability as some seagrasses die back during winter and re-establish in summer (Stewart 
& Fairfull, 2007). Given this potential variability, it is important to use caution when forming future 
expectations on short-term observations (Weitkamp, 1998, as cited in Erftemeijer & Lewis III, 2006). 

Ecological roles of the seagrass meadows of the SWMR include (Bryars & Kendrick, 2006; Butler & 
Jernakoff, 1999): 

◼ Habitat and nursery areas for fish and crustaceans, including commercially and recreationally important 
species such as Blue Swimmer Crabs, prawns, WRL, whiting, tailor, herring and squid (Department of 
Fisheries, 2011) (discussed further in Section 4.4.3).  

− Commercial species associated with unvegetated areas may still benefit from seagrass habitats in 
other ways, for example from seagrass detritus increasing benthic productivity, or from prey-species 
supported by seagrass habitats. 

◼ Elevated biodiversity. Many algae and sessile invertebrates require a firm attachment surface, which is 
lacking amongst sediment substrates. The leaves and stems of seagrasses provide such surfaces, as 
well as increasing the variety of microhabitats. 

◼ Primary producer habitat, bringing energy into the food web. This is assisted by the feeding of sessile 
invertebrates which transfer organic matter to the benthos.  

◼ Baffles water motion in the nearshore environment, leading to sediment and biomass accretion.  

− Stabilisation and retention of sediments reduces coastal erosion 

− Detritus trapping leads to enhanced secondary production  

◼ Nutrient cycling, with uptake of nutrients from sediments and release of plant material. 

◼ Release of oxygen 

◼ Water filtering, through the filtration capabilities of filter-feeding invertebrates (e.g. sponges) which filter 
food particles from the water column and deposit them on the seabed). 
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Direct grazing of seagrasses in temperate waters is rare, limited to garfish and leatherjackets (Butler & 
Jernakoff, 1999), and the occasional EPBC-listed Green Turtle (discussed further in Section 4.4.3). Instead, 
seagrass-dwelling fauna feed on epibiota, detritus, and other-grass dwellers (Department of Fisheries, 2011). 

Seagrasses species present 

Four seagrass genus were identified during the BCH mapping by EOMAP (2019): Posidonia (ribbonweed), 
Amphibolis (wireweed), Zostera (eelgrass) and Halophila (paddleweed), although only the Posidonia 
meadows were identified at Lancelin. This is typical of seagrass meadows in WA, which are mainly 
Posidonia and Amphibolis, although Halophila and Zostera are also common (Department of Biodiversity, 
Conservation and Attractions, 2015). The form and function of these seagrasses is largely related to their 
different size and growth forms, as summarised in Table 4-3 below. 

Halophila spp. is a small, fast-growing but short-lived seagrass. As such, it produces less detritus and 
provides less baffling of water and less substrate for algae and sessile invertebrates than larger, longer-lived 
seagrasses (Butler & Jernakoff, 1999). Halophila spp. lacks the carbohydrate stores to withstand adverse 
conditions for long periods, however it tends to recover and recolonise quickly once the period of disturbance 
or stress has passed (Erftemeijer & Lewis III, 2006). Zostera spp. has similar form and function to Halophila 
spp. (see Table 4-3). 

In contrast, Posidonia spp. are larger, slower-growing and longer-lived. Posidonia spp. has long, ribbon-like 
leaves which provide a firm attachment surface for a variety of organisms (Department of Biodiversity, 
Conservation and Attractions, 2015), as well contributing detritus and providing water baffles (Butler & 
Jernakoff, 1999). Posidonia spp. tends to be more resistant to short- and medium-term disturbances than 
Halophila spp (Erftemeijer & Lewis III, 2006), likely sustained by its extensive rhizome system which can 
account for up to 90% of the plant (Department of Biodiversity, Conservation and Attractions, 2015). 
However, once its reserves have been depleted, the seagrass dies and is slow to recolonise, it if recolonises 
(Chesire et al., 2002, as cited in Erftemeijer & Lewis III, 2006). Amphibolis spp. has similar form and function 
to Posidonia spp. (see Table 4-3). Meadows of ribbonweed (Posidonia sp.) are considered particularly 
important for WRL (Department of Fisheries, 2011). 

Table 4-3.  Seagrass functional form (adapted from (Butler & Jernakoff, 1999) and (Bryars & Kendrick, 2006)) 

 Increasing size 
Seagrass genus Halophila spp.  Zostera spp.  Amphibolis spp.  Posidonia spp.  

No. of species in genus >10 >3 1-2 >5 

Distribution 

Distributional ranges Broad Restricted 

Climate Tropical, extending 
into temperate water 

Temperate temperate 

Reproduction Seed banks / rapid seeding. Recover 
rapidly from large seed banks. 

Vegetative regeneration / slow 
recolonisation 

Temporal variability Ephemeral. Smaller seagrasses have 
small rhizomes, existing for weeks to 

months. 

Persistent. Larger, more persistent 
rhizomes existing for months to years 

Ecophysiology 

Growth dynamics Rapid turnover Slow turnover 

Growth habitat Understorey species Grows in large 
monospecific 
meadows on 

tidal flats 

Grows in extensive monospecific 
meadows in subtidal waters 

Nutrient cycling Open Closed 

Responsiveness to 
perturbation 

Rapid. Smaller seagrasses tend to 
have faster, more significant responses 

Slow 
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 Increasing size 
Seagrass genus Halophila spp.  Zostera spp.  Amphibolis spp.  Posidonia spp.  

to environmental conditions and faster 
recovery. 

Ecological interactions 

Direct grazing High. Preferred food source for Green 
Turtles. 

Low. Build up of secondary compounds 
in species with slow leaf turnover 

reduces leaf palatability. 

Detritus production Low (due to small size) High (due to large size) 

Epiphyte production/support Low (due to high leaf turnover) High (due to low leaf turnover) 

Leaf canopy baffling Low (due to small size) High (due to large size) 

Tolerance to light 
deprivation 

Low (weeks). Halophila can colonise 
greater depths than other species, but 

also less able to persist under light 
deprivation. 

High (several months). Likely due to 
rhizome longevity and greater reserves 

to withstand adverse conditions 

Unconsolidated sediment (bare sand) 
Unconsolidated sediment with less than 5% vegetative cover accounts for approximately 6% of the 
Operational Envelope at Swanbourne and 46% of the Operational Envelope at Lancelin. While not 
representing the same functional ecological values as reef and seagrass meadows, sandy seabed areas 
support commercially important shellfish such as scallops (Department of Primary Industries and Regional 
Development, 2018), benthic microalgae and infaunal communities which provide habitat and contribute to 
benthic productivity and nutrient cycling.  

Benthic microalgae 

Benthic microalgae and microphytobenthos (MPB) live on or amongst sediment (Environmental Protection 
Authority, 2016i). While lacking three-dimensional structure, MPB communities can provide habitat for short 
range endemic species in addition to contributing to benthic primary productivity. MPB communities are 
considered to recover well from disturbance, generally within days to weeks (Environmental Protection 
Authority, 2016i). 

Infauna 

Infauna refers to the invertebrate fauna living in, or in close association with, marine sediments (Petersen, 
1913, as cited in Currie & Sorokin, 2006). They are generally broken into three groupings based on size (see 
Table 4-4).  

Table 4-4.  Size groupings of infauna (from Currie & Sorokin, 2006). 

Group Sizing (using graded geological sieve) Examples 

macrofauna will not pass through a 0.5 mm screen Crabs, shrimp, polychaete worms, bivalves, amphipods 

meiofauna Will pass through a 5 mm screen, but not a 
0.062 mm screen 

nematodes, copepods and turbellarians 

microfauna will pass through a 0.062 mm screen ciliate protozoans 

 

Despite most of the seabed in the SWMR being composed of soft, unconsolidated sediments, very little is 
known about species distribution or infaunal community composition (Currie & Sorokin, 2006). Infauna 
distribution, abundance and community composition are influenced by the sediment grain size and structure, 
hydrodynamic processes, water depth, disturbance, food availability, predation and competition (Currie & 
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Sorokin, 2006). Most infauna have limited movement and live within the oxygenated top few centimetres of 
sediment, however some may burrow to 2.5 m (Pemberton et al., 1976, as cited in Currie & Sorokin, 2006). 

Infauna play a functional role in ecosystems, through nutrient cycling, providing habitat structure for other 
species, and as prey (Currie & Sorokin, 2006). Species such as scallops may also be of commercial value. 

Macroinvertebrate fauna 
Marine invertebrates comprise many groups of different organisms and occur from the sea surface to the 
seafloor and within the substrate and include such animals as rock lobster, squid, cuttlefish, abalone, 
shellfish, jellyfishes and anemones.  

Complex reef structures occur both within the proposed UTRs and in the surrounding nearshore 
environment, providing habitats for a wide array of invertebrate species, including commercially important 
crab species, WRL (see Section 5.2.3), and abalone. The spawning period of some commercially important 
invertebrate species is shown in Table 4-5. The unconsolidated sediments of the UTRs can also support 
support commercially important scallops (Department of Primary Industries and Regional Development, 
2018). 

Table 4-5.  Spawning period (indicated in black) for selected commercially important invertebrate species in the 
WCB (Department of Fisheries, 2013) 

Species 
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Champagne (Spiny) Crab (Hypothalassia 
acerba) 

            

Crystal (snow) crab (Chaceon spp.)             

Western Rock Lobster (Panulirus cygnus)             

Note: A large proportion of the WRL biomass occurs inside of the 50 m depth contour, and it is the dominant large 
benthic invertebrate within this range. Champagne Crabs and Crystal Crabs are deep sea crabs occurring on the mid to 
upper slope of the continental shelf (Department of Environment and Water Resources, 2007). 

 

Many invertebrates have their northern or southern distribution limits within the Rottnest shelf from 
Swanbourne to north of Lancelin. For example, Jurien Bay Marine Park represents the northern extent of the 
distribution of the endemic sand dollar species, Ammotrophus arachnoides, as well as a number of endemic 
southwest molluscs (e.g. turban shell (Turbo jourdani) and abalone (Haliotis scalaris)) (Department of 
Conservation and Land Management, 2005). 

Important State managed commercial fisheries along the west coast include the WRL (see below for 
ecological description, and Section 5.2.3 for fishery overview), abalone, scallop, and prawns (Department of 
the Environment, Water, Heritage and the Arts, 2007). These species are also valued by recreational and 
chartered fishing.  

Western Rock Lobster 

The WRL is endemic to Western Australia with a range extending from the North-West Cape to Cape 
Leeuwin. The WRL has a complex life cycle which includes both pelagic (living in the open ocean) and 
benthic (living on the seafloor) stages. Newly hatched larvae (phyllosoma) are carried offshore by nightly 
wind-driven currents for a 9 to 11-month pelagic period and are returned to the continental shelf by winds 
and east-flowing currents (MacArthur, Hyndes, & Babcock, 2007). The larvae then metamorphose into 
transparent miniature lobsters (pueruli), which migrate from the shelf edge to settle on shallow (<10 m) 
seagrass and algal meadows and inshore reefs of coastal lagoons (de Lestang, et al., 2015; MacArthur, 
Hyndes, & Babcock, 2007). Juveniles remain on shallow (<40 m) inshore reefs for the next 3-4 years, 
typically occupying small holes, caves and ledges in the reef (Bellchambers, Mantel, Chandrapavan, 
Pember, & Evans, 2012). Around four years after settlement, the WRL undergoes a moult from the 
characteristic red colouring to white, a phenomenon termed the “whites run” as it coincides with a mass 
migration of “whites” to offshore spawning grounds before the red colouring returns in the next moult. Adult 
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WRL are abundant in deep-water (30-150 m) offshore limestone reef habitat (Bellchambers, Mantel, 
Chandrapavan, Pember, & Evans, 2012).  

Puerulus settlement rates vary greatly with environmental conditions. Recruitment is strongly correlated with 
the strength of the Leeuwin Current, and settlement rates directly correlate with ENSO events (Suthers & 
Waite, 2007). During La Niña phases when the Leeuwin Current is strong, a higher proportion of larvae 
return and settle. A seven-year period of below average puerulus settlement (2006/2007 to 2012/2013) was 
largely attributable to a mismatch of spawning and larval stages with environmental conditions (de Lestang, 
et al., 2015). 

Studies of WRL in shallow-water habitats found that foraging habitats include sand, limestone pavement with 
algae, and seagrass meadows neighbouring the reef systems (Bellchambers, Mantel, Chandrapavan, 
Pember, & Evans, 2012). Diet varies across seasons and habitats and reflects food availability (e.g. coralline 
algae, molluscs, crustaceans). WRL are predominantly nocturnal foragers, returning to their caves and 
ledges in the reef around dawn.  

4.2.4 Potential impacts 
The EPA recognises inherent links between the factor ‘Benthic Communities and Habitat’ and other 
environmental factors (Environmental Protection Authority, 2016a). For example, loss of BCH may impact 
upon ‘Marine Fauna’ (see Section 4.4), in which case the loss of BCH is considered in this section and the 
impacts upon marine fauna are considered in Section 4.4. Conversely, changes in ‘Marine Environmental 
Quality’ (see Section 4.3) may impact upon ‘Benthic Communities and Habitat’, in which case the changes in 
marine environmental quality are considered in Section 4.3 and the impacts upon BCH are considered in this 
section. 

Potential impacts of underwater detonation exercises include: 

◼ direct loss of BCH through:  

− physical removal of BCH within the detonation crater 

− blast damage to BCH in the immediate vicinity of the detonation, including subsequent dieback 

− mortality of benthic invertebrates 

◼ indirect impacts to BCH due to: 

− changes in marine environmental quality 

◼ introduction of toxicants associated with detonation materials, which may contaminate the water 
column and sediments and impact organisms 

◼ release of physical debris associated with detonation materials and targets, which may damage 
benthic communities 

◼ periods of increased turbidity and sediment deposition following detonations, which may reduce 
light availability and smother organisms 

◼ introduction of contaminants from hydrocarbons and other spills  

− reduced recruitment and diversity of corals 

− differences in sensitivity between macroalgae and seagrass species may lead to altered community 
composition and structure 

− physical disturbance to sediment structures may destroy or alter microhabitats, and injure or displace 
infauna 

− sound, pressure and vibration impacts upon benthic invertebrates may alter behaviours and 
abundance  

◼ cumulative impacts of this Proposal with other proposals 
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4.2.5 Assessment of impacts 
The Proposal has no construction element, as such all potential impacts from the Proposal are operational 
and associated with detonation of training detonations in the marine environment.  

Under the Proposed BCH siting criteria, no Training Footprint will be sited on hardbottom or seagrass 
meadow (>25% vegetative cover) BCH. The Training Footprint would be located over bare sand / sparse 
seagrass (<25% vegetative cover) BCH, as far away as practicable from any nearby seagrass meadows 
(>25% vegetative cover) or limestone reef, within the Proposed Operational Envelope at each site. As a 
minimum, a buffer of 25 m at Swanbourne and 50 m at Lancelin (based on predicted impact on benthic 
invertebrates (see Section 4.2.5)) will be in effect for seagrass meadows and limestone reefs. In seasons 
where areas meeting this siting criteria cannot be located at Swanbourne, all training will be held at Lancelin. 

BCH mapping (see Section 4.2.3) indicates that 46% of the Lancelin Operational Envelope is composed of 
unconsolidated sediments with <5% vegetative cover, while the remainder is seagrass meadow (>25% 
vegetative cover) or reef. Swanbourne offers very limited areas of bare sand at suitable depths, as while 
unconsolidated sediments with less than 5% vegetative cover make up 6% of the BCH within the Operational 
Envelope, this is mostly in the shallows. However, an estimated 60% of the Operational Envelope at 
Swanbourne is sparse seagrass (5-25% cover) in which the Training Footprint could also be sited.  

Direct impacts 
Under the Proposal, detonations would occur a minimum distance of 1 m above the seafloor, which will 
minimise the physical disturbance of benthic habitat; however, some disturbance is considered unavoidable 
within the immediate vicinity of an underwater detonation.  

Detonation crater 
Calculations for estimating crater diameter are generally well understood and accepted from the primary 
work of O’Keeffe and Young (1984, as cited in Lewis, 1996), who provide the following equation: 

𝑹𝒄 = 𝟏𝟒. 𝟓 
𝑾𝟏/𝟑

𝒛𝟏/𝟑  for when 𝒅

𝑾𝟏/𝟑 > 𝟒. 𝟎  

where: 

◼ RC = crater radius (ft) 

◼ W = charge weight (lb) 

◼ d = depth of detonation (ft) 

◼ z = hydrostatic pressure at depth of detonation (d + 33) (ft) 

This calculation has been used to estimate crater diameters at Swanbourne and Lancelin (Table 4-6), 
assuming a worse-case scenario in which the detonation occurs on the seafloor. These estimations are 
considered conservative given that in practice detonations would occur at least 1 m above the seafloor. 

Table 4-6.  Estimated crater dimensions for underwater detonations on the seafloor in 4 and 8 m water depth  

Parameter Swanbourne Lancelin 

4 m depth 8 m depth 4 m depth 8 m depth 

Depth of detonation, d (ft) 13.12 26.25 13.12 26.25 

Charge weight, W (lb) 1 1.5 1.5 15.1 15.1 

Hydrostatic pressure, z (ft) 2 94,959 121,978 94,959 121,978 

𝑑

𝑊1/3
> 4.0 

11.44 22.88 5.31 10.62 

Crater Radius, RC (ft) 0.365 0.335 0.786 0.722 



 

Project number EST04718  File EST04718_EPA Referral_Rev0.docx, 2020-04-06  Revision 0   67 

Parameter Swanbourne Lancelin 

4 m depth 8 m depth 4 m depth 8 m depth 

Crater Radius, RC (m) 0.111 0.102 0.239 0.22 

Crater Diameter (m) 0.22 0.2 0.48 0.44 
1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 

equivalent to RDX-based charges with the highest equivalent demolition power of the proposed charges.  

2 Where 𝑍 = 𝑝𝑔 (𝑑 + 33) and p = 63.99 lb/ft3, and g = 32.174 ft/s2 

As shown in Table 4-6, crater radii increase with decreasing hydrostatic pressure. For training exercises in 
water depths of 4 m, the predicted crater diameter for a seafloor detonation is 0.22 m at Swanbourne and 
0.48 m at Swanbourne. O’Keeffe and Young (1984; cited in Lewis, 1996) proposed that benthic disturbance 
be approximated as twice the crater diameter, giving a maximum potential disturbance of 0.44 m and 0.96 m 
at Swanbourne and Lancelin respectively, were the detonation to occur on the seafloor.  

The extent to which this loss is recoverable is dependent upon the BCH type. By siting the Training Footprint 
over areas of bare sand / sparse seagrass, the natural hydrodynamics (tides, currents, wind-waves) and 
associated longshore transport of sediment will rapidly replace the sediment displaced from the crater 
(Masselink & Pattiaratchi, Sea Breeze climatology and nearshore processes along the Perth metropolitan 
coastline, Western Australia, 1999; Pattiaratchi, Hegge, Gould, & Eliot, 1997).  

Blast damage and dieback 

Macroalgae and seagrass 

Potential direct impacts include direct loss (immediate and dieback), a loss of biomass, and reduction in 
photosynthetic rate. 

There is limited published information on the impacts of underwater detonations on marine plants (Lewis, 
1996; Keevin & Hempen, 1997) (Appendix B). Observations have included orderly dieback in seagrass over 
the two months following detonation, with complete disappearance of eelgrass (Zostera marina) within 7 to 
8 m of the charges (of unknown type and weight) and within 2 to 4 m of weighted detonation cord (Ludwig, 
1977, as cited in Lewis, 1996). This has been attributed to the direct disruption of the vascular tissues within 
the rhizomes. Additionally, the preliminary results of a study by Smith (1996, as cited in Keevin & Hempen, 
1997) using vascular plants and algae indicated a loss of biomass and reduction in photosynthetic rate in 
both. 

By siting the Training Footprint over areas of bare sand / sparse seagrass and observing a buffer around 
seagrass meadows and reefs (25 m at Swanbourne and 50 m at Lancelin,), any impacts to macroalgae are 
avoided and impacts to seagrass are avoided or minimised. Any impacts to seagrass are expected to be 
recoverable given that the anticipated detonation pressure and crater diameter will result in minimal rhizome 
damage (i.e. existing seagrass will readily recover) and any losses would be negated by rapid-colonising 
species. 

Corals 

It is assumed that any corals in the immediate vicinity of the detonation would sustain blast damage. The 
lack of pressure readings and information regarding distances from detonations, and charge types and 
weights, make quantitative conclusions impossible (Keevin & Hempen, 1997) (Appendix B). 

Impacts of underwater detonations upon corals are limited to observations of physical damage sustained 
within the blasting zone. Although illegal in most areas, blast fishing is a widespread practice in the tropical 
Indo-West Pacific and parts of the Caribbean and is a serious contributor to coral reef degradation and 
destruction (Lewis, 1996). The magnitude of radial destruction of stony corals from such blasts is correlated 
to the bomb size and detonation distance from the seabed (Alcala & Gomez, 1987, as cited in Lewis, 1996). 
Similarly, observations of C4-charge blasting to create a boat channel resulted in the breaking of staghorn 
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corals near the base, and abrasion damage to encrusting corals (Brown & Smith, 1972, as cited in Keevin & 
Hempen, 1997). 

The BCH siting criteria for location of the Training Footprint will avoid any direct impact to corals. 

Benthic microalgae 

The MPB communities are considered to recover well from disturbance and are likely to recolonise the crater 
within days to weeks (Environmental Protection Authority, 2016i). 

Direct mortality of benthic invertebrates 
Invertebrates, including commercially valuable species such as scallops, oysters, crabs, prawns and 
lobsters, have been shown to be highly resistant to even open-water detonations which has been attributed 
to the absence of gas-containing organs (Young, 1991; Lewis, 1996; Keevin & Hempen, 1997) (Appendix B).  

Predictions of invertebrate mortality based on distance from various charge sizes can be made based on the 
scaling laws of detonations (Cole, 1948, cited in Keevin & Hempen, 1997). Using cube-scaling, Young (1991) 
modelled 90% survivability for shrimp, lobsters, oysters, and crabs, as well as fish without swim bladders 
(which are similarly resistant to underwater detonations) giving the following equations: 

◼ Shrimp  RS = 5.39 WE1/3 

◼ Lobster  RL = 18.5 WE1/3 

◼ Oysters  RO = 37.4 WE1/3 

◼ Crabs  RC = 63.4 WE1/3 

where: R = Range in feet; WE = Weight of Detonation in pounds 

Table 4-7 shows the 90% survivability (LD10) ranges for invertebrate species at Swanbourne and Lancelin, 
using Young's (1991) equations. For the most vulnerable invertebrate, crabs, 90% of crabs exposed to the 
underwater detonations are expected to survive at distances greater than 22 m from the 0.5 kg detonation at 
Swanbourne, and 48 m from the 5 kg detonation for Lancelin. 90% of oysters exposed to underwater 
detonations are expected to survive at distances greater than 13 m from the 0.5 kg detonation at 
Swanbourne, and 28 m from the 5 kg detonation for Lancelin. Similar distances are expected for abalone 
and scallops. 

Table 4-7.  90% survivability range for invertebrates at Swanbourne and Lancelin, using Young's (1991) 
equations. 

Species 90% survivability range (m) 

Swanbourne 
0.685 kg (1.5 lb) charge1 

Lancelin 
6.85 kg (15.1 lb) charge1 

Shrimp 1.9 4.1 

Lobster 6.5 13.9 

Oysters 13.1 28.1 

Crabs 22.2 47.8 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a Relative 
Effectiveness Factor (REF) of 1.37, equivalent to RDX-based charges with the highest equivalent demolition power of 
the proposed charges.  

 

The UTR will be sited over unvegetated sandy areas, avoiding the richer invertebrate assemblages 
associated with seagrasses and corals.  
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Indirect impacts 

Changes in marine environmental quality 
Changes in marine environmental quality (Section 4.3) can potentially contribute to loss of/stress to BCH.  

Sediment resuspension and deposition 

Turbidity reduces light availability for MPBs, macroalgae, and seagrasses and associated epiphytes 
(Erftemeijer & Lewis III, 2006). The subsequent sediment redeposition can smother organisms, and high 
levels of suspended sediments can clog the feeding mechanisms of filter-feeding benthic invertebrates, 
causing stress or even death (Environmental Protection Authority, 2016g; Erftemeijer & Lewis III, 2006).  

These impacts can have successive effects, including further changes in the physical and/or vegetative 
structure of an area can alter food and shelter availability, which may reduce the likelihood of another 
organism surviving or thriving (Simenstad, 1974, as cited in Lewis, 1996), or conversely, provide favourable 
habitat for different organisms.  

It is worth noting that changes in sediment resuspension will only have adverse environmental effects when 
turbidity and sedimentation are significantly increased from natural conditions (Stern and Stickle, 1978, and 
Orpin et al., 2004, both as cited in Erftemeijer & Lewis III, 2006). Pennekamp et al. (1996, as cited in 
Erftemeijer & Lewis III, 2006) note that even dredging activities may generate less turbidity than a severe 
storm. The indirect impacts of turbidity and sedimentation on seagrasses and other BCH are considered 
temporary and comparatively minor against the natural hydrodynamic processes (Masselink & Pattiaratchi, 
Sea Breeze climatology and nearshore processes along the Perth metropolitan coastline, Western Australia, 
1999; Pattiaratchi, Hegge, Gould, & Eliot, 1997) (see Section 2.4.4). 

Reduced recruitment and diversity of corals 
The Proposal is not anticipated to have any significant impact on coral recruitment or diversity. Indirect 
impacts on corals could potentially include bleaching and reduced recruitment and diversity. Coral bleaching 
is a common response to a variety of stressors, including changes in temperature and light and presence of 
toxicants (Hoegh-Guldberg, 1999, as cited in Harrison & Booth, 2007). Additionally, coral reproductive 
processes are very sensitive to decreases in water quality, and chemical pollution and physical disturbances 
could reduce reproductive success or larval settlement (Harrison & Booth, 2007). 

Changes in macroalgae and seagrass composition and structure.  
The Proposal is not anticipated to have any significant impact on macroalgae and seagrass community 
composition or structure. Potentially, the differences in species’ resilience to underwater shockwaves could 
result in a changed BCH structure. For example, observations by Ludwig (1977, as cited in Lewis, 1996) of 
dieback in seagrass exposed to detonation pressures included observations that algal species (non-
vascular) were largely unaffected and appeared to thrive in the defoliated areas. Changes could also occur 
within seagrass communities, given that species such as Halophila spp. and Zostera spp. tend be more 
responsive to disturbance but readily recover and recolonise once the disturbance has passed, whereas 
Posidonia spp. and Amphibolis spp. are more resistant to disturbance but, once lost, are very slow to 
recolonise (Erftemeijer & Lewis III, 2006). Changes in seagrass community structure and composition could 
have flow-on effects to the algae and sessile invertebrate species which use them as substrate, as well as 
the fauna which utilise the habitat and nursery areas provided by seagrass.  

Changes in invertebrate behaviour, abundance and habitats  
The Proposal is not anticipated to have any significant impact on invertebrate behaviour, abundance or 
habitat. Most of the experimental research has been under laboratory conditions or using caged 
experiments, and the focus has been on immediate, clearly-visible effects (Webster, Wise, Fletcher, & 
Kemps, 2018). Consequently, there is a paucity of information applicable to real-world conditions regarding 
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the potential for sub-lethal and cumulative effects. As a result, this section draws on information from seismic 
surveys and pile-driving. As outlined in Appendix B, detonations, seismic airguns and pile-driving are all 
impulse sounds, however seismic airguns and pile-driving have longer rise times than detonations. As such, 
the potential impacts of vibration and sound exposure described in this section are only suggestive of those 
for detonations. 

Vibration and disturbance of sediment 

Infauna are intimately linked with sediments, and part of their role in benthic ecology relates to bioturbation 
and the structuring of sediments into benthic microhabitats (Roberts, et al., 2016). Direct disturbance of 
sediment (e.g. dredges, trawlers) may alter the sediment stratification, destroying burrows and habitat niches 
for infauna (Ponder et al. 2002, as cited in Currie & Sorokin, 2006). High amplitude vibrations from 
detonations have a similar potential to shuffle sediments and displace or injure infauna (Roberts, et al., 
2016). Shifts in the distribution and abundance of infauna could result in changes to ecosystem function 
(Pinnegar et al., 2000, as cited in Currie & Sorokin, 2006). 

The exact sensitivity of marine invertebrates to vibration are generally unknown; however, anecdotal 
evidence and studies from pile-driving suggest that marine invertebrates are sensitive to vibration as they 
exhibit behavioural and physiological changes in response to vibration in the sediment (Roberts, et al., 
2016). These changes may affect prey availability, as well as interfere with biologically important behaviours 
such as feeding and predator avoidance (Roberts, et al., 2016). 

Research has shown that many of the more abundant infauna (polychaete worms, bivalve molluscs, small 
crustaceans) tolerate natural sediment disturbance and readily recolonise by larval settlement and, over 
short distances, migration of adults (Kaly & Jones, 1990, as cited in ECOS Consulting, 1996). The 
disturbance in the area of impact is similar to that of dredging (ECOS Consulting, 1996), and the area is 
anticipated to be rapidly recolonised by benthic invertebrates from the surrounding area (HDR Corporation & 
LGL Limited, 2015). 

Sound and pressure impacts 

There has been a significant increase in experimental studies relating to the impacts of seismic sound on 
marine species over the last two decades (Webster, Wise, Fletcher, & Kemps, 2018) with the findings 
summarised in reviews (e.g. Carroll et al., and Fisheries, both cited in Webster et al., 2018). Potential 
impacts from sound and pressure exposure include physiological changes and altered behaviour, and differ 
with season, exposure pressure, time post-exposure and location. A list of potential impacts from seismic 
surveys is provided in Table 4-8 below; these impacts are a highly conservative indication of potential 
impacts from detonations, given the discrete and intermittent nature of training exercises (in contrast to the 
sustained and repetitive exposure of seismic surveys). 

Table 4-8:  Potential impacts of seismic surveys on invertebrates (adapted from Webster et al., 2018) 

Life Stage Impact type Potential impact of seismic survey 
Adults and 
juveniles 

Mortality Death up to 12 months after survey 

Physical Impacts Auditory system damage (e.g. statocysts) 

Internal organ damage 

Physiological Impacts Physiological impacts (e.g. metabolic rate) 

Immunocompromisation /susceptibility to disease 

Behavioural Impacts Temporary stunning 

Mobility (e.g. tail extension, ability to right themselves) 

Startle or flight response/erratic swimming or burying 

Effects on breeding behaviour 
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Life Stage Impact type Potential impact of seismic survey 
Acoustic masking 

Larvae and eggs Physical Impacts Yolk displacement/membrane perturbation 

Hearing/movement detection (e.g. statocysts) 

Body malformations (larvae) 

Rates of egg/larvae development 

Behavioural Impacts Swimming behaviour (larvae) 

Acoustic marking (larvae) 

Risks to mobile invertebrates (crabs, prawns, lobsters) 

Studies of the Southern Rock Lobster (Jasus edwardsii) exposed to seismic sound found there was no direct 
mortality, however a variety of sublethal impacts were recorded (Day et al, 2016, as cited in Webster et al., 
2018). These impacts included reduced righting ability (attributed to damage to sensory hairs), reduced tail 
extension (symptomatic of fatigue), and haemolymph changes (indicative of trauma or stress). These 
impacts may have indirect effects on survival and reproductive output, through reduced health, altered 
feeding, locomotion, predator avoidance, reproduction and social behaviours. Other research on mobile 
invertebrates (including lobsters, snow crab and shrimp) showed less sensitivity to seismic noise, with no 
haemolymph impacts (Payne et al., 2007, as cited in Webster et al., 2018) and no animals observed to 
migrate out of the area (Christian et al., 2003, and Celi et al., 2013, both as cited in Webster et al., 2018).  

Risks to immobile invertebrates (pearl oysters, scallops) 

Potential impacts from sound and pressure exposure include mortality, physiological changes and altered 
behaviour. Day et al. (2016, as cited in Webster et al., 2018) exposed scallops (Pecten fumatus) to 
pressures simulating seismic activity. Mortality was not immediate but rather showed maximum mortality at 
120 days post-exposure, and repeated exposures showed significant increases in mortality rates. Similarly, 
physiological impacts to haemolymph properties persisted through to 120 days post-exposure, indicating a 
compromised physiology. With exposure to seismic sounds, scallops increased the rate at which they 
recessed into the sediment, and this increase grew with repeated exposure and persisted through to 
120 days post-exposure, suggesting a chronic alteration in this response. Scallops were also slower to right 
themselves and displayed a novel flinching response with exposures up to 350 m from the source. Other 
reports of altered behaviour include changes in bioturbation in clams (Ruditapes philippinarum) (Solan et al., 
2016, as cited in Webster et al., 2018). None of the sub-lethal impacts have been shown to affect the value 
of scallops to fisheries (Webster, Wise, Fletcher, & Kemps, 2018). 

Cumulative impacts 
For the purposes of environmental impact assessment, cumulative impacts are defined as anthropogenic 
impacts and do not include natural disturbances such as severe storms (Environmental Protection Authority, 
2016i). Cumulative effects resulting from exposure to underwater detonation are unknown and would be 
difficult to distinguish amongst the confounding effects of multiple stressors (e.g. climate change, ocean 
acidification, altered fishing practices, other developments, and natural disturbances such as storms). 

The cumulative impact on invertebrate mortality is the cumulative effects of all physical and behavioural 
impacts affecting direct and indirect mortality (Webster, Wise, Fletcher, & Kemps, 2018). Cumulative impacts 
on catchability (i.e. reduction in catch) is the cumulative effect of all physical and behavioural impacts relating 
to species migration out of the area (Webster, Wise, Fletcher, & Kemps, 2018). 

The Operational Envelopes are Defence gazetted waters, and the adjacent land parcels are Defence land. 
No proposed Defence developments with the potential to impact upon BCH, whether by direct disturbance or 
changes in water quality, have been identified or are considered reasonably foreseeable. Similarly, no 
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reasonably foreseeable cumulative projects have been identified in either the Swanbourne or Lancelin 
Operational Envelopes. 

Cumulative impacts from the Proposal itself are mitigated by varying the location of the Training Footprint 
within the Operational Envelope, which accommodates the variable recovery times of the above studies. 

4.2.6 Mitigation 
Defence has applied the mitigation hierarchy (avoid, minimise, rehabilitate) to the Proposal to protect BCH so 
that biological diversity and ecological integrity are maintained as outlined in Table 4-9. No rehabilitation 
measures were identified as necessary. 

Table 4-9.  Summary of potential impacts and mitigation hierarchy for benthic communities and habitats 

Impact Avoid Minimise Management 

Crater radii 
(physical 
removal of BCH) 

Siting of Training Footprints: 
While the avoidance of any crater 
radii is not possible, this impact is 
considered recoverable by siting 
training exercises over areas of 
unconsolidated sediment with less 
than 25% vegetative cover.  

The Training Footprint would be 
located as far away as practicable 
from any nearby seagrass 
meadows or limestone reefs (at 
least 25 m at Swanbourne and 
50 m at Lancelin). In seasons 
where areas meeting this siting 
criteria cannot be located at 
Swanbourne, all training will be 
held at Lancelin. 

The flexibility to adjust the location 
of the Training Footprint enables 
Defence to reduce the frequency 
with which areas are used for 
military training, thus allowing for 
regeneration of vegetation and 
substrate and minimising 
cumulative impacts. 

Placement of charges in the water 
column: detonations would occur at 
least 1 m above the seafloor.  

Size of charges: The proposed 
charge weights have been selected 
to achieve training objectives while 
also minimising potential impacts to 
the receiving environment. While the 
allowance at Swanbourne is for 
charges up to 500 g, charges will be 
more commonly in the range of 100-
250 g. Training at Lancelin would 
use charges up to 5 kg. 

 

Effectiveness 
would be monitored 
with photographs 
pre- and post-
training for the first 
two years. 

Defence will 
undertake annual 
reporting on UTR 
operations. 

 

 

Blast damage to 
BCH 

Reduction in 
marine 
environmental 
quality during 
exercises 

Refer to Section 4.3.6 

Destruction or 
alteration of 
microhabitats 

Siting of Training Footprints: 
While the avoidance of any 
alteration to microhabitats is 
unavoidable, this impact is 
considered recoverable by locating 
exercises over areas of 
unconsolidated sediment with less 
than 25% vegetative cover.  

The Training Footprint would be 
located as far away as practicable 
from any nearby seagrass 
meadows or limestone reefs (at 
least 25 m at Swanbourne and 
50 m at Lancelin). In seasons 

Placement of charges in the water 
column: detonations would occur at 
least 1 m above the seafloor.  

Size of charges: The proposed 
charge weights have been selected 
to achieve training objectives while 
also minimising potential impacts to 
the receiving environment. While the 
allowance at Swanbourne is for 
charges up to 500 g, charges will be 
more commonly in the range of 100-
250 grams. Training at Lancelin 
would use charges up to 5 kg. 

Not necessary 
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Impact Avoid Minimise Management 

where areas meeting this siting 
criteria cannot be located at 
Swanbourne, all training will be 
held at Lancelin. 

The flexibility to adjust the location 
of the Training Footprint enables 
Defence to reduce the frequency 
with which areas are used for 
military training, thus allowing for 
recovery of microhabitats and 
minimising cumulative impacts. 

Change in 
infauna 
behaviours and 
abundance 

n/a.  Not determined to be significant 

Reduced 
recruitment and 
diversity of corals 

n/a.  Not determined to be significant 

Change in BCH 
composition 

n/a. Not determined to be significant. 

4.2.7 Predicted outcome 
The Proposal is considered unlikely to result in the net loss of any BCH. As presented in Section 4.2.5 and 
summarised below, it is concluded that limited direct losses of BCH and quick recovery times present 
negligible ecological consequence for the biological diversity and ecological integrity of BCH at Swanbourne 
and Lancelin.  

After the application of the mitigation hierarchy (Section 4.2.6), it is considered that the Proposal will meet 
the EPA objective of maintaining biological and ecological integrity. No residual impacts are predicted; 
therefore no offsets are proposed for this environmental factor.  

Predicted outcome for benthic substrate and habitat 
Physical disturbance of benthic substrate and habitat is expected to be minimal, given that detonations 
would occur a minimum distance of 1 m above the seafloor and the Training Footprint would be located as 
far away as practicable from any nearby seagrass meadows or limestone reefs (at least 25 m at Swanbourne 
and 50 m at Lancelin). In seasons where areas meeting this siting criteria cannot be located at Swanbourne, 
all training will be held at Lancelin. Locating the Training Footprint over areas of bare sand / sparse seagrass 
may potentially result in cratering (estimate of 0.2 m at Swanbourne and 0.5 m at Lancelin, were the 
detonation to occur on the seafloor) but will also allow for the rapid resettlement of displaced sediments 
through natural wave action and nearshore processes. Some loss/dieback of sparse seagrass may occur 
within the immediate proximity of the detonation. The indirect impacts of turbidity and sedimentation on 
seagrasses and other BCH are considered temporary and comparatively minor against the natural 
hydrodynamic processes. No irreversible impacts (i.e. lacking a capacity to return or recover within five 
years) on BCH are predicted. 

Predicted outcome for infauna 
High amplitude vibrations from detonations have the potential to shuffle sediments and displace or injure 
infauna; however, research has shown that many of the more abundant infauna tolerate natural sediment 
disturbance and readily recolonise by larval settlement and, over short distances, migration of adults. The 
small benthic disturbance areas (0.44 m diameter at Swanbourne and 0.96 m at Lancelin, were the 
detonation to occur on the seafloor) are expected to have impacts similar to dredging, with rapidly 
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recolonisation by benthic invertebrates from the surrounding area. Sediment structure and associated 
microhabitats would be restored with infauna activity. 

Predicted outcome for macroinvertebrates 
While impacts to marine invertebrates will be unavoidable, appropriate management would be anticipated to 
manage the residual significance of impacts to macroinvertebrates; and mortality and sublethal impacts from 
the Proposal are not considered to be significant at the local and regional population levels 

Invertebrates are highly resistant to underwater detonations, and the most sensitive of these, crabs, has an 
estimated 90% survivability of 22 m at Swanbourne and 48 m at Lancelin. The Training Footprint will be sited 
over areas of bare sand/sparse vegetation, avoiding seagrass meadows and reef habitats (buffer of at least 
25 m at Swanbourne and 50 m at Lancelin) and the richer invertebrate assemblages and commercially 
valuable species, such as WRL and abalone, associated with these habitats. It is noted that some 
commercially valuable species such as scallops are associated with bare sand habitats. Scallops have an 
estimated 90% survivability of 13 m at Swanbourne and 28 m at Lancelin. 

Pulse-noise impacts on invertebrates may include physiological changes and altered behaviour; however, 
none of the sub-lethal impacts have been shown to affect the value of species such as scallops to fisheries. 

4.3 Marine Environmental Quality 
This section describes the marine environmental quality of the proposed UTRs and assesses the potential 
significant impacts of the Proposal on marine environmental quality and considers how these risks will be 
managed and the predicted outcome.  

Environmental quality refers to the levels of contaminants in water, sediments or biota and to changes in the 
physical or chemical properties of water and sediments relative to their natural state (Environmental 
Protection Authority, 2016c).  

In the context of EIA, it is only emissions (e.g. pollution, waste discharges and deposits), and to a lesser 
extent environmental degradation, that are relevant considerations (Environmental Protection Authority, 
2016c). These impacts may result in a lower level of environmental quality which may cause a change in an 
environmental value. The five environmental values identified by the National Water Quality Management 
Strategy (NWQMS) that the EPA expects to be protected are: 

◼ Ecosystem health 

◼ Fishing and aquaculture 

◼ Recreation and aesthetics 

◼ Industrial water supply 

◼ Cultural and spiritual 

These environmental values form the basis of the environmental quality management framework (EQMF) 
recommended in the NWQMS. 

4.3.1 EPA objective 
To maintain the quality of water, sediment and biota so that environmental values are protected. 

4.3.2 Policy and guidance 
Legislative instruments, policies and guidance considered relevant to the environmental impact assessment 
of marine environmental quality are presented below: 

Legislative instruments 
◼ EP Act 
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◼ Contaminated Sites Act 2006 (WA) 

◼ EPBC Act 

EPA policy or guidance 
◼ Statement of Environmental Principles, Factors and Objectives (Environmental Protection Authority, 

2018e) 

◼ Environmental Factor Guideline: Marine Environmental Quality (Environmental Protection Authority, 
2016c) 

◼ Technical Guidance: Protection of Benthic Communities and Habitats (Environmental Protection 
Authority, 2016i) 

◼ Technical Guidance Protecting the Quality of Western Australia’s Marine Environment (Environmental 
Protection Authority, 2016h) 

Other policy or guidance 
◼ Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018) 

◼ A Directory of Important Wetlands in Australia (Environment Australia, 2001) 

◼  “Appendix B: Potentially contaminating industries, activities and land uses” in Assessment and 
management of contaminated sites: Contaminated sites guidelines (Department of Environment 
Regulation, 2014) 

4.3.3 Receiving environment 
WA’s marine environment is generally of a very high-quality owing to its exposed, high energy coastlines, 
generally low coastal population pressures, and a limited number of riverine discharges which typically are 
small or have intermittent flow resulting in relatively low nutrient levels and low sediment inputs to the 
nearshore environment (Department of the Environment, Water, Heritage and the Arts, 2007; Environmental 
Protection Authority, 2016c). This is especially true of the Lancelin UTR, which is described as having a 
pristine rural area and coastline (Shire of Gingin, 2012). The most heavily impacted areas are generally the 
populated areas along the coast, with impacts on marine water quality including increased sediment loads, 
pollution and nutrient enrichment (Fletcher, Shaw, Gaughan, & Metcalf, 2011). 

Lancelin  
The marine environment within the Lancelin Operational Envelope is relatively free of direct anthropogenic 
impacts occurring within the marine environment. No major sources of sedimentation, nutrient enrichment or 
pollutants have been identified for the proposed Lancelin UTR. The coastline along the LDTA and 
neighbouring areas is largely unspoiled given the relative absence of coastal developments and associated 
population pressures. 

Surrounding the LDTA are a number of coastal settlements and towns, three Nature Reserves, a National 
Park, as well as a number of reserves vested in local government with the intention of local coastal living, 
recreational and some freehold title (Bruch & Freeman, 2017). Between Jurien and the LDTA, there are three 
large, protected areas of coastal native vegetation: Southern Beekeeper’s Reserve (R 36053), Nambung 
National Park (R24522), and Wanagarren Nature Reserve (R31675). Nambung contains the Pinnacles 
Desert, an assemblage of unusual limestone pinnacles which are a popular tourist feature (Bruch & 
Freeman, 2017). To the south of the LDTA is Nilgen Nature Reserve (R31781). The impacts of urban activity 
are largely limited to the six coastal settlements of Jurien, Cervantes, Lancelin, Ledge Point, Seabird and 
Guilderton, which are relatively evenly spaced along the coast. 

The two main rivers discharging to the coast are the Moore and Hill Rivers (Eliot, Gozzard, Eliot, Stul, & 
McCormack, 2012), approximately 50 km south and north of the Lancelin UTR respectively. The Hill River 
occasionally discharges to the ocean following significant flow events, but typically has a barred entrance. 
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There is a lack of detailed information regarding nearshore currents and coastal processes and in the Gingin-
Dandaragan area, and the majority of available information describes regional processes (Eliot, Gozzard, 
Eliot, Stul, & McCormack, 2012). The majority of the Gingin-Dandaragan coast is partly sheltered from the 
north-westerly storms by the coastal orientation and reef structures, but is more exposed to the prevailing 
southerly to south-westerly seabreeze (Eliot, Gozzard, Eliot, Stul, & McCormack, 2012; Shire of Gingin, 
2012). Storm erosion along much of the coast is highest when high water levels coincide with high wave 
energy, as the wave energy will cross the reef (Eliot, Gozzard, Eliot, Stul, & McCormack, 2012). 

Swanbourne  

Temperature and salinity 
There can be a significant drop in inshore water temperature over the early winter due to atmospheric heat 
loss (Department of Conservation and Land Management, 1992), for example temperatures in nearby 
Marmion Marine Park are typically 21-22°C from January to April and 17°C from July to September (Pearce 
et al., 1984, as cited in Department of Conservation and Land Management, 1992). Annual salinity peaks 
and troughs closely correlate with seasonal temperature fluctuation, ranging from 36.1 g/L in late summer to 
35.3 g/L in late winter (Department of Conservation and Land Management, 1992). Salinity has a localised 
lowering within a few hundred metres of the shore due to groundwater discharge (Department of 
Conservation and Land Management, 1992).  

Stormwater discharge 
While dissolved nutrient concentrations in the nearby Marmion Marine Park waters are within the range of 
concentrations reported for temperate coastal waters (Pearce et al., 1984, as cited in Department of 
Conservation and Land Management, 1992), nitrate concentrations in groundwater discharge are two orders 
of magnitude greater than ambient nitrate concentrations in the receiving ocean. 

As the aquifers are located under areas of increasing urbanisation and recharged is by rainfall, groundwater 
is susceptible to pollution loadings from nutrients pesticides, hydrocarbons and other contaminants 
(Department of Conservation and Land Management, 1992). 

Nutrients 
Water monitoring by the Water Corporation indicates that nearshore exceedances of nutrient guidelines arise 
from terrestrial sources, rather than marine activities (BMT, 2019a). This is supported by findings that nitrate 
concentrations in groundwater discharge to the Marmion Marine Park were two orders of magnitude greater 
than ambient nitrate concentrations in the receiving ocean (Department of Conservation and Land 
Management, 1992). 

Seasonal, extensive algal blooms of Cladophora occur in summer and autumn, carpeting much of the inshore 
reef and seagrass of Cottesloe (south of Swanbourne) (Department of Fisheries, 2001b). These blooms 
are symptomatic of high nutrient levels in the nearshore marine environment, contributed to by 
polluted groundwater, nutrient-rich stormwater discharges from outlets along Cottesloe Beach, 
seasonal discharges from the Swan River, and discharges of secondary treated effluent from the 
Water Corporation’s Swanbourne Ocean Outlet (Department of Fisheries, 2001b). Both the Subiaco 
Main Drain and Swanbourne Outfall Outlet discharge to the Swanbourne Operational Envelope (see  

Figure 2-1). 

Wastewater discharge  
The Water Corporation operates four WWTPs in metropolitan Perth: Beenyup, Subiaco, Woodman Point and 
Alkimos; with ocean outfalls discharging treated wastewater (TWW) at Ocean Reef, Swanbourne, Sepia 
Depression and Alkimos respectively (BMT Oceanica, 2015). The Water Corporation has been monitoring 
the environmental effects of TWW discharge into the coastal environmental since construction of the outlets 
at Swanbourne in 1963 (BMT Oceanica, 2015).  
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The 56ML/day of TWW discharged from Swanbourne consists of approximately 95% domestic wastewater 
and 5% industrial wastewater (BMT, 2019b). The Swanbourne outlet extends approximately 1.1 km offshore, 
plus a diffuser of 91 m, at a depth of 11 m (BMT, 2019a). As previously described, the Proposal will maintain 
a 100 m offset from the Swanbourne Ocean Outfall Structure and the Subiaco Main Drain.  

The Perth Long Term Ocean Outlet Monitoring (PLOOM) Program was commenced in 1996 and monitors 
the environmental effects of discharges via the Ocean Reef, Sepia Depression and Swanbourne outlets 
(BMT Oceanica, 2015). Two types of annual report are released for Swanbourne under PLOOM: 

Trial compliance monitoring (TCM): this is a trial of various monitoring program methods with the aim 
to develop a monitoring program aligned with the EPA’s EQMF (Environmental Protection Authority, 
2016c) capable of measuring environmental quality against Environmental Quality Objectives (Water 
Corporation, n.d.). Results are summarised in an annual report card format for each ocean outlet, with 
colour-coded results representing the extent to which Environmental Quality Criteria (EQC) were met 
(BMT, 2019b). In the absence of mandated management zones, the area within a 100 m radius of the 
diffuser has been designated as a low ecological protection area (LEPA) in accordance with EPA 
technical guidance (Environmental Protection Authority, 2016h) (BMT, 2019b). Outside of the LEPA, 
waters are maintained to a high level of ecological protection (HEPA) (BMT, 2019b).  

Monitoring includes physico-chemical stressors, nutrients (ammonia, nitrite, nitrate and orthophosphate, 
chlorophyll-a), microbial contaminants, and toxicants (bioaccumulating and non-bioaccumulating 
toxicants) as well as overall toxicity using whole of effluent toxicity (WET) testing, which identifies toxicity 
effects from contaminants that are otherwise difficult to detect or may have unknown toxicity effects 
(BMT, 2019b). 

Annual summer water quality surveys (Ocean Reef, Swanbourne and Sepia Depression): 
conducted in summer at each outlet as part of the Licence Conditions set by the Department of Water 
and Environment (DWER). These surveys provide data on water quality and assess the potential 
environmental impacts and public health risks (BMT, 2019a). The summer surveys predate the EQMF 
and cannot be evaluated against the EQMF criteria, and so are generally compared to the older ANZECC 
& ARMCANZ (2000) criteria (BMT, 2018a); however, where there is sufficient data, the ANZG (2018, as 
cited in BMT, 2019a) recommend using locally derived guidelines based on the 80th percentile of natural 
background concentrations to provide more locally-relevant triggers (BMT, 2018a; BMT, 2019a). For the 
purposes of reporting, these ‘background values’ are collated from surface and bottom concentrations 
measured upstream of the outlet since 1999 (BMT, 2019a). These are considered low-risk guidelines, 
with exceedances regarded as an ‘early warning’ of a potential issue rather than evidence of an impact 
(BMT, 2019a). Median concentrations within 250 m of (i.e. the ‘mixing’ zone’) and greater than 250 m 
from the diffuser are compared to these guidelines (BMT, 2019a). 

Monitoring includes: nutrients (total ammoniacal nitrogen, ortho-phosphate, nitrate and nitrite, total 
phosphorus, total nitrogen), primary productivity (chlorophyll-a), and microbial concentrations (BMT, 
2019a). Water samples are collected from the surface and bottom at 35 offshore sites (within a sampling 
grid as appropriate for the flow conditions on the sampling day) and from waist-deep water at nine 
shoreline sites. 

The 2018 and 2019 Swanbourne summer water quality results showed that, outside of the 250 m mixing 
zone, guidelines for ecosystem protection, recreation contact, and seafood safety for human consumption 
were met (BMT, 2018a; BMT, 2019a). Furthermore, the 2016, 2018 and 2019 annual ocean monitoring for 
Swanbourne showed that within the HEPA there were no exceedances of the Environmental Quality 
Guidelines for ecosystem integrity, seafood for human consumption, and primary and secondary recreation 
contact (BMT Oceanica, 2016; BMT, 2018b; BMT, 2019b). 

There were exceedances related to nutrient loadings at shoreline sampling sites during the summer water 
quality surveys. ANZECC & ARMCANZ (2000) guideline values for nitrate and nitrite were exceeded in 2018 
(BMT, 2018a) and the 80th percentile was exceeded for total nitrogen, nitrate and nitrite and 
organophosphate concentrations in 2019 (BMT, 2019a). However, the TWW discharge plume does not 
intersect with the shoreline, which suggests that these shoreline exceedances are from independent 
(terrestrial) sources (BMT, 2019a).  
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4.3.4 Potential impacts 
The EPA recognises inherent links between the factor ‘Marine Environmental Quality’ and other 
environmental factors (Environmental Protection Authority, 2016h). Changes in marine environmental quality 
that may impact upon other factors are considered in this section, however the significance of any damage to 
other factors (e.g. BCH, Marine Fauna, Human Health) will be considered under that factor. 

Potential impacts of underwater detonation exercises include: 

◼ direct impacts through:  

− introduction of contaminants from hydrocarbons and other spills 

− introduction of toxicants associated with detonation materials 

− release of physical debris associated with detonation materials and targets 

− periods of elevated turbidity due to benthic disturbance 

◼ indirect impacts through: 

− long term accumulation of contaminants from detonation charges in sediments and fauna 

◼ cumulative impacts of this Proposal with other proposals 

4.3.5 Assessment of impacts 
The Proposal has no construction element, as such all potential impacts from the Proposal are operational 
and associated with the detonation of low-weight charges in the marine environment. The analysis in this 
section is underpinned by a technical assessment of the contaminant potential of detonations in the marine 
environment (Appendix C). 

Direct impacts 

Sediment disturbance 
Sediment disturbance can lead to sediment resuspension (turbidity). Size and persistence of suspended 
sediments clouds is difficult to predict (O’Keeffe & Young, 1984, as cited in Lewis, 1996). In general, particles 
greater than 1 mm in diameter should settle too rapidly to form a persistent cloud, and so turbidity is more of 
a concern where the substrate is silt, or a silt/clay mixture exceeding 50% (Athearn, 1968, as cited in Lewis, 
1996). If the detonation occurred on a slope, a turbidity current could be generated in which a suspension of 
sediment flows along the seabed because it is denser than the surrounding seawater (O’Keeffe & Young, 
1984, as cited in Lewis, 1996). The current moves downslope in a fan-shape, gradually depositing out the 
sand and silt. 

It is worth noting that changes sediment resuspension will only have adverse environmental effects when 
turbidity and sedimentation are significantly increased from natural conditions (Stern and Stickle, 1978, and 
Orpin et al., 2004, both as cited in Erftemeijer & Lewis III, 2006). Pennekamp et al. (1996, as cited in 
Erftemeijer & Lewis III, 2006) note that even dredging activities may generate less turbidity than a severe 
storm. Given the natural variability caused by storms, wind-waves and currents, it is considered unlikely that 
the Proposal presents any significant changes in turbidity and sedimentation. 

Contamination from detonation products 
Sources of contamination that may potentially be generated by the proposed UTR exercises arise from: 

◼ Detonation cord (typically a PETN high-explosive core encased in a plastic tube) 

◼ Charge demolition cartridge (high-explosive) 

◼ Charge demolition block  

◼ Sheet explosive 
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The primary contamination concern relates to the toxicity and carcinogenic potential of high-explosives (e.g. 
trinitrotoluene (TNT), cylonite (RDX), octogen (HMX)), particularly with respect to long-term exposure 
(Charles, et al., 2014). In the US, past military exercises have left some shorelines and waterways with 
unexploded ordnance and contamination levels in soils and groundwater which greatly exceed the US 
Environmental Protection Agency thresholds, posing concerns about whether toxic compounds may leach 
into the marine environment (Charles, et al., 2014).  

While comparatively little is known about the actual risks posed at coastal sites associated with military 
exercises (Rosen & Lotufo, 2007), terrestrial contamination of sediments and surface and ground water from 
the manufacture, handling and disposal of detonation compounds at military sites is known (Talmage et al., 
1999, as cited in Lotufo et al., 2010) and low concentrations have been documented in marine sediments 
(Darrach et al., 1998, as cited in Rosen & Lotufo, 2007) and marine bivalves (URS Consultants,1995, as 
cited in Rosen & Lotufo, 2007). TNT and its breakdown products (aminodinitrotoluenes (ADNTs) and 
diaminonitrotolunes (DANTs)) have documented toxic effects on fish and benthic organisms (Lotufo, 
Blackburn, Marlborough, & Fleeger, 2010). 

A literature review evaluating the potential contamination risk posed by the high-explosives (Appendix C) 
found that there is no conclusive evidence linking contamination from underwater ordnance to unacceptable 
environmental effects. This is due to: 

◼ High-explosives such as TNT, RDX and HMX are weakly hydrophobic, and so have a low affinity for lipids 
which lowers their tendency to bioaccumulate in animal tissues (Rosen & Lotufo, 2007).  

◼ Detonation compounds bioaccumulate at low whole-of-body concentrations relative to environmental 
concentrations and are quickly broken down or eliminated once exposure ceases (Lotufo, Nipper, Carr, & 
Conder, 2009). This means any exposure effects are short-term (Lotufo, Nipper, Carr, & Conder, 2009) 
and that there is little potential for prey-to-predator transfer (Houston & Lutofo, 2005).  

◼ Even at exceedingly high doses, RDX and HMX have not been shown to elicit lethal toxicity and are 
considered to pose little risk to benthic invertebrates (Lotufo, Nipper, Carr, & Conder, 2009). 

◼ Detonation compounds degrade rapidly in sediment (Lotufo, Nipper, Carr, & Conder, 2009) and as the 
charges and their breakdown products are weakly hydrophobic, they readily partition to the water column 
and become diluted in the marine environment (Lotufo, Blackburn, Marlborough, & Fleeger, 2010). As 
such, trace amounts of these products are not anticipated to build up or form unacceptable residual 
contamination. 

Indirect impacts 

Potential for long-term accumulation of contaminants 
The rapid breakdown and dispersal of detonation compounds make studies with long-term exposure 
especially difficult (Lotufo, Nipper, Carr, & Conder, 2009). The literature review (Appendix C) identified a field 
study by Ek et al. (2006) in which munition shells containing 1.1 kg of TNT were opened and left for a three-
year period to assess the impact on fish and marine invertebrates. The study found no detectable levels of 
TNT or its metabolites in sediment, fish or mussels, however smaller sensitive benthic organisms were 
affected, with a 40% reduction in the population of the copepod Nitocra spinipes.  

Ek et al.’s (2006) study was investigating the long-term fate and effects of dumped ammunitions. Under 
those conditions, it would be expected to potentially see toxicity effects from the unreacted TNT and its 
breakdown products, as well as additional impacts on filter-feeding organisms which could ingest the 
unreacted materials (Koschinski, 2011). In contrast, the Proposal is detonating the charge material and any 
trace amount of detonation material will be rapidly diluted and broken down in the marine environment. 
Therefore, no long-term exposure effects are expected for either the Swanbourne or the Lancelin UTRs. 

These findings are supported by a review of the Proposed detonation materials by BMT, the independent 
consultant who conducts the water monitoring program for the Water Corporation (see “potential for 
interaction” section below). BMT noted that the Proposed training exercises are conducted infrequently, with 
small charges, and that with complete detonation the charge constituents will not typically find their way into 
the marine environment. The potential contaminants themselves are typically insoluble and subject to 
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degradation in the marine environment, and BMT considered it unlikely that they would persist or accumulate 
to any significant degree given the volume and dilutive capacity of the receiving marine environment. 

Cumulative impacts 
Cumulative impacts are considered by EPA (2016c) to include the total impact of this Proposal and other 
proposals, in this instance, on marine environmental quality. No cumulative impacts were identified relating 
to operational activities on marine environmental quality during the environmental impact scoping process. 

The Operational Envelopes are Defence gazetted waters, and the adjacent land parcels are Defence land. 
No proposed Defence developments with the potential to impact upon water quality have been identified or 
are considered reasonably foreseeable. Similarly, no reasonably foreseeable cumulative projects have been 
identified in either the Swanbourne or Lancelin Operational Envelopes. 

Potential for interaction with Swanbourne ocean outfall treated wastewater   
Concerns were raised by the Water Corporation (see Section 3.3) regarding the potential for cumulative 
effects (either directly, or through interaction with the discharged waters) that could be mistakenly attributed 
to the Water Corporation’s Subiaco WWTP, which has an ocean outfall pipe discharging TWW at 
Swanbourne Beach approximately 1 km offshore. The Water Corporation has compliance obligations under 
their licence conditions with respect to management of the discharge of TWW from the outfall pipe (see 
Section 4.3.3).  

A review of the detonation materials by BMT, the independent consultant who conducts the water monitoring 
program for the Water Corporation, found that the potential for cumulative effects was very low. BMT 
concluded that the potential contaminants arising from the detonation materials are not present in the TWW 
and are unlikely to be mistaken for a component of Water Corporation's discharge or combine with Water 
Corporation's contaminants to generate a cumulative effect. 

Defence has committed to factoring the Water Corporation’s compliance monitoring program into the 
Swanbourne UTR program schedule. 

4.3.6 Mitigation 
Defence has applied the mitigation hierarchy (avoid, minimise, rehabilitate) to the Proposal to protect marine 
environmental quality so that biological diversity and ecological integrity are maintained, as outlined in Table 
4-10. No rehabilitation measures were identified as necessary. 

Table 4-10.  Summary of potential impacts and mitigation hierarchy for marine environmental quality 

Impact Avoid Minimise Management 

Introduction of 
contaminants from 
hydrocarbons and other 
spills 

n/a.  Not determined to be significant 

Introduction of toxicants 
from detonation 
charges 

n/a.  Not determined to be significant 

Release of physical 
debris 

Complete 
avoidance of 
physical debris is 
not possible. 

Post-training clean-up: As far as practicable, 
all materials and debris (above and below 
water) from the training exercises would be 
removed and disposed of, and any fauna 
casualties collected.  

Effectiveness 
would be 
monitored with 
photographs pre- 
and post-training 
for the first two 
years. 

Defence will 
undertake annual 
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Impact Avoid Minimise Management 

reporting on UTR 
operations. 

Periods of elevated 
turbidity due to benthic 
disturbance 

Complete 
avoidance of 
periods of elevated 
turbidity due to 
benthic disturbance 
is not possible. 

Size of charges: The proposed charge 
weights have been selected to achieve training 
objectives while also minimising potential 
impacts to the receiving environment. While 
the allowance at Swanbourne is for charges up 
to 500 g, charges will be more commonly in 
the range of 100-250 g. Training at Lancelin 
would use charges up to 5 kg. 

Not necessary 

Long term 
accumulation of 
toxicants from 
detonation charges in 
sediments and fauna 

n/a.  Not determined to be significant 

Cumulative impacts 
with Water Corporation 
discharge 

n/a. Not determined to be significant. 

Defence recognises that the Water Corporation requires access to Swanbourne for 
compliance water monitoring, and Defence will factor the monitoring schedule into the 
Swanbourne UTR program accordingly. 

4.3.7 Predicted outcome 
The Proposal is not predicted to have any significant impacts on marine environmental quality.  

After the application of the mitigation hierarchy (Section 4.3.6), it is considered that the Proposal will meet 
the EPA objective of environmental values of the marine environment. No residual impacts are predicted; 
therefore, no offsets are proposed for this environmental factor. 

Potential for contamination 
Contamination concerns regarding high-explosives (TNT, RDX, HMX) primarily relate to the toxicity and 
carcinogenic potential of direct contact with high-explosives, particularly with respect to long-term exposure. 
However, these concerns relate to past military exercises which have left some shorelines and waterways 
with unexploded ordnance. In contrast, the Proposal is for training exercises involving detonation of the 
charge material. Additionally, TNT breaks down rapidly in sediment (Lotufo, Nipper, Carr, & Conder, 2009) 
and as TNT and its breakdown products are weakly hydrophobic, they readily partition to the water column 
and become diluted in the marine environment (Lotufo, Blackburn, Marlborough, & Fleeger, 2010). As such, 
no toxicity or bioaccumulation or sediment build-up from any trace amounts of detonation compounds is 
expected. 

Potential for cumulative effects 
There are no cumulative effects predicted as a result of this Proposal, either on its own or with other projects 
in the area. The potential contaminants arising from the detonation materials are not present in the TWW of 
the Water Corporation’s Swanbourne ocean outfall pipe and are unlikely to be present in the stormwater 
discharges into the area. 

4.4 Marine Fauna 
This section describes marine fauna and their habitats which occur or may occur in the vicinity of the 
proposed UTRs. 

For the purposes of EIA, marine fauna are defined as “animals that live in the ocean or rely on the ocean for 
all or part of their lives” (Environmental Protection Authority, 2016d) such as crustaceans, fish, sea snakes, 



 

Project number EST04718  File EST04718_EPA Referral_Rev0.docx, 2020-04-06  Revision 0   82 

and cetaceans, and includes fauna which leave the ocean such as turtles, seals and penguins. Seabirds 
may be considered as marine fauna as they feed on fish and other marine life. While sponges, coral, worms 
and molluscs are also marine fauna, these are considered under the environmental factor of Benthic 
Communities and Habitats (Environmental Protection Authority, 2016a) (see Section 4.2). In this report, 
crustaceans have also been included as BCH, so that the section can discuss invertebrates in general. 

4.4.1 EPA objective 
To protect marine fauna so that biological diversity and ecological integrity are maintained. 

In this context, “ecological integrity” refers to the composition, structure, function, processes and natural 
variation of ecosystems (Environmental Protection Authority, 2016d). 

4.4.2 Policy and guidance 

Legislative instruments 
◼ BC Act 

◼ EP Act 

◼ FRM Act 

◼ EPBC Act 

EPA policy or guidance 
◼ Statement of Environmental Principles, Factors and Objectives (Environmental Protection Authority, 

2018e). 

◼ Environmental Factor Guideline: Marine Fauna (Environmental Protection Authority, 2016d). 

◼ Technical Guidance: Protection of Benthic Communities and Habitats (Environmental Protection 
Authority, 2016i) 

◼ Technical Guidance Protecting the Quality of Western Australia’s Marine Environment (Environmental 
Protection Authority, 2016h) 

Other policy or guidance 
◼ National recovery plan for threatened albatrosses and giant petrels 2011-2016 (Department of 

Sustainability, Environment, Water, Population and Communities, 2011c). 

◼ Background Paper, Population Status and Threats to Albatrosses and Giant Petrels Listed as Threatened 
under the Environment Protection and Biodiversity Conservation Act 1999 (Department of Sustainability, 
Environment, Water, Population and Communities, 2011b). 

◼ EPBC Act Policy Statement 2.1 – Interaction between offshore seismic exploration and whales 
(Department of the Environment, Water, Heritage and the Arts, 2008c). 

◼ Background paper to EPBC Act Policy Statement 2.1 – Interaction between offshore seismic exploration 
and whales (Department of the Environment, Water, Heritage and the Arts, 2008b). 

◼ Australian National Guidelines for Whale and Dolphin Watching 2017 (Department of the Environment 
and Energy, 2017a). 

◼ Matters of National Environmental Significance: Significant impact guidelines 1.1 - Environment 
Protection and Biodiversity Conservation Act 1999 (Department of the Environment, 2013a). 

◼ South-east marine region profile: A description of the ecosystems, conservation values and uses of the 
South-east Marine Region (Department of the Environment, 2015c). 
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◼ Survey guidelines for Australia’s threatened birds: Guidelines for detecting birds listed as threatened 
under the Environment Protection and Biodiversity Conservation Act 1999 (Department of the 
Environment, Water, Heritage and the Arts, 2010). 

◼ Migratory Shorebirds of the East Asian - Australasian Flyway; Population Estimates and Internationally 
Important Sites (Bamford, Watkins, Bancroft, Tischler, & Wahl, 2008). 

◼ Revision of the East Asian-Australasian Flyway Population Estimates for 37 listed Migratory Shorebird 
Species (Hansen, et al., 2016). 

◼ Wildlife Conservation Plan for Migratory Shorebirds (Commonwealth of Australia, 2015). 

◼ EPBC Act Policy Statement 3.21 - Industry Guidelines for avoiding, assessing and mitigating impacts on 
EBBC Act listed migratory shorebird species (Department of the Environment and Energy, 2017b). 

◼ Draft referral guideline for 14 birds listed as migratory species under the EPBC Act (Department of the 
Environment, 2015b). 

◼ Survey guidelines for Australia’s threatened fish: Guidelines for detecting fish listed as threatened under 
the Environment Protection and Biodiversity Conservation Act 1999 (Department of Sustainability, 
Environment, Water, Population and Communities, 2011d). 

◼ Background Paper: Population Status and Threats to Albatrosses and Giant Petrels Listed as Threatened 
under the Environment Protection and Biodiversity Conservation Act 1999 (Department of Sustainability, 
Environment, Water, Population and Communities, 2011b). 

◼ Issues Paper for the Grey Nurse Shark (Carcharias taurus) (Department of the Environment, 2014a). 

◼ The South-west Marine Region: Ecosystems and Key Species Groups (McClatchie, Middleton, 
Pattiaratchi, Currie, & Kendrick, 2006). 

◼ Species group report card – pinnipeds: Supporting the marine bioregional plan for the South-west Marine 
Region (Department of Sustainability, Environment, Water, Population and Communities, 2012e). 

◼ Species group report card – bony fishes: Supporting the marine bioregional plan for the South-west 
Marine Region (Department of Sustainability, Environment, Water, Population and Communities, 2012b). 

◼ Species group report card – sharks: Supporting the marine bioregional plan for the South-west Marine 
Region (Department of Sustainability, Environment, Water, Population and Communities, 2012g). 

◼ Species group report card – cetaceans: Supporting the marine bioregional plan for the South-west Marine 
Region (Department of Sustainability, Environment, Water, Population and Communities, 2012c). 

◼ Species group report card – marine reptiles: Supporting the marine bioregional plan for the South-west 
Marine Region (Department of Sustainability, Environment, Water, Population and Communities, 2012d). 

◼ Species group report card – seabirds: Supporting the marine bioregional plan for the South-west Marine 
Region (Department of Sustainability, Environment, Water, Population and Communities, 2012f). 

◼ The action plan for Australian cetaceans (Bannister, Kemper, & Warneke, 1996). 

Recovery Plans 

EPBC 

◼ National recovery plan for threatened albatrosses and giant petrels 2011-2016 (Department of 
Sustainability, Environment, Water, Population and Communities, 2011c). 

◼ Recovery Plan for the Australian Sea Lion (Neophoca cinerea) (Department of Sustainability, 
Environment, Water, Population and Communities, 2013b). 

◼ Conservation Management Plan for the Blue Whale - A Recovery Plan under the Environment Protection 
and Biodiversity Conservation Act 1999 (Department of the Environment, 2015a). 

◼ Recovery Plan for Marine Turtles in Australia (Department of the Environment and Energy, 2017c). 

◼ Recovery Plan for the Grey Nurse Shark (Carcharias taurus) (Department of the Environment, 2014b). 

◼ Recovery Plan for the White Shark (Carcharodon carcharias) (Department of Sustainability, Environment, 
Water, Population and Communities, 2013c). 
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◼ Conservation Management Plan for the Southern Right Whale. A Recovery Plan under the Environment 
Protection and Biodiversity Conservation Act 1999 2011-2021 (Department of Sustainability, 
Environment, Water, Population and Communities, 2012a). 

WA 

◼ Australasian Bittern (Botaurus poiciloptilus) Western Australian Recovery Plan. Wildlife Management 
Program No. 64 (Department of Biodiversity, Conservation and Attractions, 2018). 

Threat Abatement Plans 

◼ Threat Abatement Plan for the incidental catch (or bycatch) of seabirds during oceanic longline fishing 
operations (2018) (Commonwealth of Australia, 2018). 

◼ Threat Abatement Plan for the impacts of marine debris on the vertebrate wildlife of Australia's coasts and 
oceans (2018) (Department of the Environment and Energy, 2018). 

Conservation Advice 

◼ Conservation Advice Botaurus poiciloptilus Australasian Bittern (Threatened Species Scientific 
Committee, 2019). 

◼ Approved Conservation Advice for Sternula nereis nereis (Fairy Tern) (Department of Sustainability, 
Environment, Water, Population and Communities, 2011a). 

◼ Conservation Advice Anous tenuirostris melanops Australian lesser noddy (Threatened Species Scientific 
Committee, 2015a). 

◼ Approved Conservation Advice for Rostratula australis (Australian painted snipe) (Department of 
Sustainability, Environment, Water, Population and Communities, 2013a). 

◼ Conservation Advice Limosa lapponica baueri Bar-tailed godwit (western Alaskan) (Threatened Species 
Scientific Committee, 2016e). 

◼ Conservation Advice Halobaena caerulea blue petrel (Threatened Species Scientific Committee, 2015e). 

◼ Conservation Advice Calidris ferruginea curlew sandpiper (Threatened Species Scientific Committee, 
2015d). 

◼ Conservation Advice Numenius madagascariensis eastern curlew (Threatened Species Scientific 
Committee, 2015f). 

◼ Conservation Advice Pachyptila turtur subantarctica fairy prion (southern) (Threatened Species Scientific 
Committee, 2015g). 

◼ Conservation Advice Calidris tenuirostriss Great knot (Threatened Species Scientific Committee, 2016b). 

◼ Conservation Advice Charadrius leschenaultii Greater sand plover (Threatened Species Scientific 
Committee, 2016c). 

◼ Conservation Advice Megaptera novaeangliae humpback whale (Threatened Species Scientific 
Committee, 2015j). 

◼ Approved Conservation Advice for Dermochelys coriacea (Leatherback Turtle) (Department of the 
Environment, Water, Heritage and the Arts, 2008a). 

◼ Conservation Advice Charadrius mongolus Lesser sand plover (Threatened Species Scientific 
Committee, 2016d). 

◼ Conservation Advice Rhincodon typus whale shark (Threatened Species Scientific Committee, 2015i). 

◼ Conservation Advice Limosa lapponica menzbieri Bar-tailed godwit (northern Siberian) (Threatened 
Species Scientific Committee, 2016f). 

◼ Conservation Advice Calidris canutus Red knot (Threatened Species Scientific Committee, 2016a). 

◼ Conservation Advice Pterodroma mollis soft-plumaged petrel (Threatened Species Scientific Committee, 
2015h). 
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4.4.3 Receiving environment  
The WCB is predominantly a temperate oceanic zone, with coastal waters ranging from 18-24°C, and most 
fish stocks in this Bioregion are temperate species (Gaughan, Molony, & Santoro, 2019). However, the 
marine fauna of the WCB can also be described as a mixture of tropical and temperate species, owing to the 
seasonal influences of the tropical waters carried south by the Leeuwin Current and the temperate waters 
carried north by the Capes Current (Department of Environment and Conservation, 2007). 

The Leeuwin Current in particular is considered responsible for extending the southern range of many 
tropical species and transporting a number of tropical species to latitudes where they are not typically found, 
such as the EPBC-listed Green Turtle (Department of Sustainability, Environment, Water, Population and 
Communities, 2012d). Consequently, WA has some of the highest latitude coral reefs in the world (Hatcher, 
1991, as cited in Pattiaratchi, 2007), with coral reefs off the Abrolhos Islands (Fletcher, Shaw, Gaughan, & 
Metcalf, 2011; Gaughan, Molony, & Santoro, 2019) and corals recorded at Rottnest and within the deeper 
waters of Cottesloe Reef FHPA.  

Another effect of the clear, warm, low-nutrient waters of the Leeuwin Current is in the growth and distribution 
of seagrasses, which form extensive meadows to depths of 20 m (occasionally down to 30 m) in protected 
coastal waters (Fletcher, Shaw, Gaughan, & Metcalf, 2011; Gaughan, Molony, & Santoro, 2019). These 
meadows are major nursery areas for many fish species, including the commercially valuable WRL 
(Gaughan, Molony, & Santoro, 2019). 

The weaker nearshore Capes Current influences the distribution of coastal finfish species (Gaughan, 
Molony, & Santoro, 2019). Along the WA coast, the main finfish resources are confined to the continental 
shelf on the land side of the Leeuwin Current, where primary production is highest (Pattiaratchi, 2007). Fish, 
including sharks, rays, crustaceans and molluscs, are also of economic and cultural importance for coastal 
Aboriginal communities, many of whom maintain an interest in their use, conservation and management 
(Trinder, 2006). 

Biologically important areas (BIAs), referenced throughout this Marine Fauna section, are areas in which 
aggregations of a regionally significant species are known to display biologically important behaviours such 
as breeding, foraging, resting or migration (Department of the Environment and Energy, 2015), and 
consequently BIAs are important for the conservation of the species.  

Conservation significant fauna that may occur within 10 km of the proposed Lancelin and Swanbourne UTRs 
were identified using the Department of Agriculture, Water and the Environment (DAWE) EPBC Protected 
Matters Search Tool (18 February 2020) (Appendix D). The likelihood of these species to occur in the 
immediate vicinity of the marine environment at both training ranges was then assessed (Appendix E) based 
on knowledge of the species distribution and habitat preferences, records of occurrences, and the type and 
condition of existing habitat. 

Fishes 
As discussed previously at the beginning of Section 4.4.3, most fish stocks in the area of both UTRs are 
temperate species indicative of the WCB. Seagrass meadows are major nursery areas for many fish species, 
including the commercially valuable WRL (Gaughan, Molony, & Santoro, 2019). No conservation significant 
finfish species have been identified within the search areas surrounding the Proposal. Bony fishes of the 
family Syngnathidae (i.e. seahorses, seadragons and pipefish) and cartilaginous elasmobranchs (i.e. sharks, 
rays and skates) do include conservation significant marine fauna and are discussed in the subsections 
below. 

Key target finfish species in the inshore demersal environment include West Australian Dhufish (Glaucosoma 
hebraicum), Baldchin Groper (Choerodon rubescens), Pink Snapper (Pagrus auratus), and Breaksea Cod 
(Epinephelides armatus) (Fletcher, Shaw, Gaughan, & Metcalf, 2011). Other recreational and commercial 
species caught in the WCB include: whiting (Sillago spp.), Tailor (Pomatomus saltatrix), Australian Herring 
(Arripis georgianus), Skipjack Trevally (Pseudocaranx georgianus), snapper, flathead, Mulloway 
(Argyrosomus hololepidotus), Sea Mullet (Mugil cephalus), samsonfish, Tarwhine (Rhabdosargus sarba) 
Western Australian Salmon (Arripis truttaceus), Yellowtail Kingfish (Seriola lalandi) and Spanish Mackerel 
(Scomberomorus commerson) (Department of Environment and Conservation, 2007; Fletcher, Shaw, 



 

Project number EST04718  File EST04718_EPA Referral_Rev0.docx, 2020-04-06  Revision 0   86 

Gaughan, & Metcalf, 2011; Teal Solutions, 2017). Commonly caught species in the Swanbourne area are 
shown in Table 4-11 below.  

Important State managed commercial fisheries along the west coast include shark and King George Whiting 
(Sillaginodes punctata) (Department of the Environment, Water, Heritage and the Arts, 2007). These species 
are also valued by recreational and chartered fishing. Australian-Government managed fisheries in the 
SWMR target Southern Bluefin Tuna (Thunnus maccoyii), Yellowfin Tuna (T. albacares), Big-eye Tuna (T. 
obesus), Blue-eye Trevalla (Hyperoglyphe antarctica), ling, shark, and others (Department of the 
Environment, Water, Heritage and the Arts, 2007). 

Table 4-11.  Finfish species commonly caught in the Marmion area and their preferred habitats (Department of 
Fisheries submission for the Marmion Marine Park Management Plan (Department of Conservation 
and Land Management, 1992). 

Finfish Habitat 
Garfish (Family Hemiramphidae) Coastal waters over seagrass 
Western School Whiting (Sillago 
vittata) 

Sandy bottoms in surf zone and offshore 

Tailor Juveniles school in surf zones. Larger fish around offshore reefs 
Australian Herring Around coastal reefs - over seagrass areas 
Skipjack Trevally Coastal reef areas 
Yellowtail Scad (Trachurus 
novaezelandiae) 

Surf zone to offshore reefs. Active at night 

Wrasses (several species) Mostly in association with coastal reefs 
Cobbler (Cnidoglanis 
macrocephalus) 

Coastal reef and weed areas Juveniles associated with nearshore drift 
macrophytes. Adults feed in the surf zone 

Sea Trumpeter (Pelsartia 
humeralis) 

Adults in seagrass beds. Juveniles associated with shoreline drift macrophytes 

Western Sand Whiting (Sillago 
schomburgkii) 

Surf zone sand, particularly around reefs 

Red Mullet (Upeneichthys vlamingii) Sand/seagrass areas 
Yellow-eye Mullet (Aldrichetta 
forsteri) 

Surf zone 

Buffalo Bream (Kyphosus cornelii) Around coastal reefs 
Leather jacket (several species) Common over seagrass beds 
Common Blowfish (Torquigener 
pleurogramma) 

Inshore sandy bottoms, but also seagrass and reef areas 

Snook (Sphyraena 
novaehollandiae) 

Offshore weed beds 

Shark species Offshore roving species throughout the water column 
West Australian Dhufish Around reef areas 
Sea Mullet – migratory Just off surf zone 
Western Australian Salmon – 
migratory 

School around offshore reefs and surf zone 

Syngnathids (seahorses, seadragons and pipefish) 
Syngnathidae is a family of fish which includes seahorses, pygmy pipehorses, pipehorses, seadragons and 
pipefishes; collectively referred to as syngnathids. For most species, there is little information on their 
distribution, abundance and critical habitats, and so despite some species being common and widespread, 
the entire family is protected (Baker J. L., 2006). All syngnathids are listed as marine under the EPBC Act, 
making it an offence to recklessly kill, injure, take, trade, keep or move a syngnathid without a permit/licence. 
The EPBC PMST (Protected Matters Search Tool) search (Appendix D) showed that 26 syngnathid species 
(or their habitat) may occur within 10 km of the Swanbourne gazetted waters, 20 of which may also occur 
within 10 km of the Lancelin gazetted waters (Table 4-12). Given the limited information on distribution and 
abundance, all 26 have been considered as possibly occurring within the Proposal (Appendix E; Table 4-12). 

Most syngnathids inhabit shallow bays and coastal areas of the continental shelf in warm temperate to 
tropical waters, particularly nearshore seagrass meadows and macroalgae-dominated reefs (Baker J. L., 
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2006). Table 4-12 summarises the known habitat for each of the species returned in the EPBC PMST 
search. Syngnathid sizes vary from a few centimetres (pygmy seahorse) to in excess 65 cm (some pipefish), 
and they feed on small invertebrates and larval fish in the water column or near substrate. Generally, coastal 
species such as seadragons and seahorses are associated with nearshore habitats (Baker J. L., 2006), and 
seahorses have been shown to have microhabitat preferences such as only occupying the edges of certain 
habitats (i.e. the seagrass / sand and reef / sand interface (CITES, 2002, as cited in Baker, 2006).  

Table 4-12.  Syngnathids (or their habitat) potentially occurring within 10 km (from Appendices D and E) 

Common Name Current 
Scientific Name 

Conservation 
Status1 

Known habitat (Baker J. L., 2006) 

E
P

B
C

 
A

ct
 

B
C

 A
ct

 

IU
C

N
 

Syngnathids considered as possibly occurring within the Swanbourne and Lancelin Operational Envelopes 
Southern Pygmy 
Pipehorse  

Acentronura 
australe 

Marine  DD Found in very low densities on red 
macroalgae habitat of semi-exposed coastal 
reef and in/near seagrass beds. 

Gale's Pipefish Campichthys galei Marine  LC Shallow rubble substrates, seagrass beds 
Pig-snouted Pipefish  Choeroichthys 

suillus 
Marine  LC Reefs (e.g. under rubble pieces on reef flats) 

Brock's Pipefish Halicampus brocki Marine  LC Coral reefs, macroalgae-covered rocky reef 
Western Spiny Seahorse, 
Narrow-bellied Seahorse 

Hippocampus 
angustus 

Marine  LC Reef habitat, including areas with 
macroalgae cover 

Short-head Seahorse, 
Short-snouted Seahorse 

Hippocampus 
breviceps 

Marine  LC Reefs and reef patches near sand, edges of 
seagrass stands (e.g. Amphibolis), generally 
attached to macroalgae 

West Australian 
Seahorse 

Hippocampus 
subelongatus 

Marine  DD Sheltered coastal bays containing mixed reef 
and vegetation habitat, including rocky reef, 
mixed macroalgae, seagrass meadows, 
muddy bottoms, man-made structures (e.g. 
jetties). Common in localised areas such as 
Fremantle, lower Swan River, Cockburn 
Sound. 

Prophet's Pipefish  Lissocampus 
fatiloquus 

Marine  LC Seagrass and adjacent sand. Range from 
Shark Bay to Fremantle but most records 
from Shark Bay 

Sawtooth Pipefish  Maroubra 
perserrata 

Marine  LC Rocky reef (usually caves and rear of 
crevices). Often in pairs or small groups 

Western Crested Pipefish Mitotichthys 
meraculus 

Marine  DD Macrophytes. Known from Perth. 

Bonyhead Pipefish, 
Bony-headed Pipefish  

Nannocampus 
subosseus 

Marine  LC Subtidal reef and mixed reef / seagrass 
habitat 

Leafy Seadragon  Phycodurus 
eques 

Marine P2 LC Mainly near the edges of stands of Ecklonia 
macroalgae but also other macroalgae, 
seagrasses and artificial structures (e.g. 
jetties) 

Common Seadragon, 
Weedy Seadragon  

Phyllopteryx 
taeniolatus 

Marine  LC Usually found on macroalgal covered reefs, 
but also seagrass beds (Posidonia, 
Amphibolis, Heterozostera), sand, edges of 
sand patches near vegetation, artificial 
structures 

Pugnose Pipefish, Pug-
nosed Pipefish 

Pugnaso 
curtirostris 

Marine  LC Zostera, Amphibolis and Posidonia 
seagrass, macroalgae on low reef patches in 
sand, large rubble on sand 

Gunther's Pipehorse, 
Indonesian Pipefish  

Solegnathus 
lettiensis 

Marine  DD Benthic. Mid to outer continental shelf 
waters, mostly depths below 50 m 

Spotted Pipefish, Gulf 
Pipefish, Peacock 
Pipefish  

Stigmatopora 
argus 

Marine  LC High densities in seagrass beds (higher 
densities in Posidonia compared to 
Zostera/Amphibolis) 

Widebody Pipefish, 
Wide-bodied Pipefish, 
Black Pipefish  

Stigmatopora 
nigra 

Marine  LC Beds of intertidal Zostera, subtidal 
Heterozostera, and near bare sand, as well 
as Posidonia seagrass 
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Common Name Current 
Scientific Name 

Conservation 
Status1 

Known habitat (Baker J. L., 2006) 

E
P

B
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Double-end Pipehorse, 
Double-ended Pipehorse, 
Alligator Pipefish  

Syngnathoides 
biaculeatus 

Marine  LC Seagrasses and macroalgae, including 
floating rafts of vegetation 

Hairy Pipefish  Urocampus 
carinirostris 

Marine  LC Lower reaches of rivers and estuaries, 
seagrass (Zostera and Heterozostera) beds, 
long stringy macroalgae over rock and sand 

Mother-of-pearl Pipefish  Vanacampus 
margaritifer 

Marine  LC Vegetation over sand and rubble, muddy 
substrates of harbours and estuaries 

Syngnathids considered as possibly occurring within the Swanbourne Operational Envelope 
Upside-down Pipefish, 
Eastern Upside-down 
Pipefish, Eastern Upside-
down Pipefish 

Heraldia nocturna Marine  LC Shallow reefs; strongly associated with 
caves, ledges and crevices 

Rhino Pipefish, 
Macleay's Crested 
Pipefish, Ring-back 
Pipefish 

Histiogamphelus 
cristatus 

Marine  LC Seagrass beds (including sparse seagrasses 
bordering on open sand and rubble) 

Australian Smooth 
Pipefish, Smooth 
Pipefish 

Lissocampus 
caudalis 

Marine  LC Mixed rubble and low-macroalgae covered 
reefs, Zostera seagrass beds, floating 
Sargassum macrophytes 

Javelin Pipefish  Lissocampus runa Marine  LC Shallow coastal fringing reef, rubble with 
short macroalgae, Zostera seagrass beds 

Port Phillip Pipefish  Vanacampus 
phillipi 

Marine  LC Estuaries and seagrass beds, shallow sand 
and mud flats with Zostera and Posidonia 
seagrass 

Longsnout Pipefish, 
Australian Long-snout 
Pipefish, Long-snouted 
Pipefish 

Vanacampus 
poecilolaemus 

Marine  LC Seagrass (Zostera and Posidonia) beds, 
shallow reefs with macroalgae 

1 Conservation codes: 
Marine: Taxon naturally occurs in a Commonwealth marine area and requires protection to ensure the long‑term 

conservation of the species. 
P2: Priority 2 Poorly known species. Species known from one or a few locations (generally five or less), some of which 

are on lands managed primarily for nature conservation 
LC: Least Concern. Does not qualify for Critically Endangered, Endangered, Vulnerable or Near Threatened. Widespread and 

abundant taxa are included in this category. 
DD: Data Deficient. Inadequate information to make a direct, or indirect, assessment of its risk of extinction. 

 

The unique appearance of species such as seadragons have made them popular with locals and tourists, 
and popular dive sites for viewing seadragons in the Perth metropolitan area include Cottesloe, Rottnest, 
Marmion Marine Park and the surrounding areas. The values of the Cottesloe FHPA include the reef and 
seagrass which provide habitat for the Weedy Seadragon (Phyllopteryx taeniolatus) and the Priority 2 (WA) 
Leafy Seadragon (Phycodurus eques) (Department of Fisheries, 2001b), and Baker (2006) notes that strong 
community interest in seadragons contributed to designation of the Cottesloe FHPA. 

The biology, habitat preferences and population dynamics of many syngnathids leave them naturally 
vulnerable to site-specific impacts (Baker J. L., 2006). These life history characteristics include: relatively low 
population densities; low reproductive potential (releasing 100s-200s of eggs); strong association with 
preferred habitats (mainly in nearshore areas <20 m deep); small home range sizes and poor mobility 
(making them slow to recolonise); and monogamous breeding. However, many inshore pipefish have high 
population densities and have demonstrated that they can rapidly colonise suitable habitats (Smith et al., in 
prep., as cited in Baker, 2006). 

Key threats include: the take of seahorses and pipehorses for traditional medicine, aquarium specimens, and 
curios (particularly international trade); poaching; bycatch in recreational/commercial fishing; and nearshore 
habitat damage (prevalent along urbanised coasts) 
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Sharks and rays 
Table 4-13 presents a summary of sharks and rays (or their habitat) identified by the EPBC Protected 
Matters Search (Appendix D) as potentially occurring within 10 km of the Proposal, and their assessed 
likelihood of actual occurrence within the Proposal based on ecology and habitat preferences (Appendix E). 
These are discussed in the sections below. 

Table 4-13.  Sharks and rays (or their habitat) potentially occurring within 10 km (from Appendices D and E) 

Common Name Current Scientific Name Conservation Status1 
EPBC Act BC Act IUCN 

Sharks and rays considered as possibly occurring within the Proposal 
White Shark, Great White Shark  Carcharodon carcharias VU; MI VU VU 

Grey Nurse Shark (west coast population) Carcharias taurus (west 
coast population) VU; MI VU NT 

Sharks and rays considered as unlikely to occur within the Proposal 
Whale Shark Rhincodon typus VU; MI OS EN 
Porbeagle, Mackerel Shark Lamna nasus  MI - VU 
Reef Manta Ray, Coastal Manta Ray, Inshore 
Manta Ray, Prince Alfred's Ray, Resident Manta 
Ray 

Manta alfredi  MI - VU 

Giant Manta Ray, Chevron Manta Ray, Pacific 
Manta Ray, Pelagic Manta Ray, Oceanic Manta Ray Manta birostris  MI - VU 

1 Conservation codes: 
EN: Endangered.    Considered to be facing a very high risk of extinction in the wild in the near future. 
VU: Vulnerable.    Considered to be facing a high risk of extinction in the wild in the medium-term future. 
NT: Near Threatened. Does not qualify for Critically Endangered, Endangered or Vulnerable now, but is close to 

qualifying for or is likely to qualify for a threatened category in the near future. 
OS: Other specially protected species. Fauna otherwise in need of special protection to ensure their conservation (s. 18 of the BC Act) 
MI: Migratory.   Subject to international agreement for conservation as a migratory taxon. 

Sharks 

Sharks are found at a variety of depths across a wide range of coastal and offshore habitats (Trinder, 2006). 
The conservation significant White Shark (Carcharodon carcharias), Whale Shark (Rhincodon typus) and 
Grey Nurse Shark (Carcharias taurus) (west coast population) have significant populations and/or BIAs in the 
SWMR (Trinder, 2006).  

White Sharks are found throughout temperature and subtropical waters, and are most frequently 
encountered in inshore rocky reefs, surf beaches and shallow bays of the cool to warm temperate waters of 
the continental shelf (Department of Sustainability, Environment, Water, Population and Communities, 
2012g). They are also found on the outer continental shelf and slope and are known to cross open ocean 
basins. White sharks are particularly abundant from Bunbury to Shark Bay when compared to other stretches 
of Australian coast (Department of Sustainability, Environment, Water, Population and Communities, 2012g). 
They do not form territories, but instead travel between areas of temporary residence on a regular basis. 
Their diet varies with size, with juveniles feeding on fish, rays and other sharks while the diet of adults also 
includes marine mammals (seals, sea lions, dolphins) (Department of Sustainability, Environment, Water, 
Population and Communities, 2012g). White sharks are often found in areas with high prey density 
(Department of Sustainability, Environment, Water, Population and Communities, 2012g). The White Shark 
(Carcharodon carcharias) has a foraging BIA extending for a 30 km radius of Buller Island, which intersects 
the Lancelin UTR (Department of the Environment and Energy, 2015). Buller Island is a breeding BIA for the 
Australian Sea-lion (see Australian Sea-lion section below), and the sea lions provide a year-round food 
source for the Great White Shark. Similarly, 30 km radius foraging BIAs for the White Shark occur around the 
North Fisherman Island and Beagle Island, which are coincident with sea lion breeding BIAs. 

The east and west Grey Nurse Shark populations are disjunct and listed separately under the EPBC Act 
(Department of Sustainability, Environment, Water, Population and Communities, 2012g), and the west coast 
population is considered relatively large and stable (McAuley, 2004b, as cited in Trinder, 2006). They are 
commonly found in warm-temperate inshore waters, 15-40 m deep, around rocky reefs, (particularly rocky 
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ledges, gutters, and caves), islands, and sometimes the surf zone and shallow bays (Pollard et al., 1996 and 
Otway & Parker, 2000, both as cited in Department of Sustainability, Environment, Water, Population and 
Communities, 2012g). A tracking study (McAuley, 2004, as cited in Department of Sustainability, 
Environment, Water, Population and Communities, 2012g) found juveniles may travel from Perth to Kalbarri 
and back. 

Whale sharks are pelagic plankton feeders, migrating great distances across the Indo-Pacific oceans 
(Trinder, 2006). They are a wide-ranging species, typically found between 30°N and 35°S in oceanic and 
coastal waters of tropical and warm-temperate seas (Department of Sustainability, Environment, Water, 
Population and Communities, 2012g). The largest known aggregation site in WA is Ningaloo Reef, with 
numbers peaking after the coral spawning and larger aggregations occurring during La Niña events when the 
Leeuwin strengthens (Department of Agriculture, Water and the Environment, n.d.a). 

Porbeagle Sharks (EPBC-listed Migratory) are primarily oceanic species, however are occasionally 
encountered in coastal waters (Department of Sustainability, Environment, Water, Population and 
Communities, 2012g). Their diet is primarily fish and cephalopods (Last & Stevens, 2009, as cited in 
Department of Sustainability, Environment, Water, Population and Communities, 2012g). 

Rays 

Rays generally inhabit demersal and epibenthic habitats of coastal and offshore waters and predominantly 
feed on benthic invertebrates such as molluscs, worms and crustaceans (Trinder, 2006). Two species of 
manta ray are known to occur in Australian waters, the Coastal Manta Ray (Manta alfredi) and Oceanic 
Manta Ray (Manta birostris) (Australian Museum, n.d.). Both are listed as migratory under the EPBC-Act. 
Manta rays live in tropical waters but are occasionally found in temperate seas and have been recorded from 
the southwest of WA, around northern Australia and to the south coast of NSW. 

Pinnipeds (seals and sea lions) 
Pinnipeds (seals, sea lions and walruses) are carnivorous, flipper-footed semi-aquatic marine mammals. The 
EPBC Protected Matters Search (Appendix D) identified two pinniped species as potentially occurring within 
10 km of the Proposal, the Australian Sea-lion (Neophoca cinerea) and New Zealand Fur Seal 
(Arctocephalus forsteri), however based on the ecology and habitat preferences, only the Australia Sea-lion 
is considered possible to occur in the Proposal (Appendix E) (see Table 4-14). These are discussed in the 
sections below. 

Table 4-14.  Pinnipeds (or their habitat) potentially occurring within 10 km (from Appendices D and E) 

Common Name Current Scientific Name 
Conservation Status1 

EPBC Act BC Act IUCN 

Pinnipeds considered as possibly occurring within the Proposal 
Australian Sea-lion, Australian Sea Lion Neophoca cinerea VU; Marine VU EN 
Pinnipeds considered as unlikely to occur within the Proposal 
Long-nosed Fur-seal, New Zealand Fur-seal Arctocephalus forsteri Marine OS LC 

1 Conservation codes: 
EN: Endangered.   Considered to be facing a very high risk of extinction in the wild in the near future. 
VU: Vulnerable.   Considered to be facing a high risk of extinction in the wild in the medium-term future. 
Marine: Taxon naturally occurs in a Commonwealth marine area and requires protection to ensure the long‑term 

conservation of the species. 
OS: Other specially protected species. Fauna otherwise in need of special protection to ensure their conservation (s. 18 of the BC Act) 
LC: Least Concern. Does not qualify for Critically Endangered, Endangered, Vulnerable or Near Threatened. Widespread and 

abundant taxa are included in this category. 
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Australian Sea-lions 

Australian Sea-lions predominantly occur in coastal waters and islands between the Houtman Abrolhos 
Island, WA, to Pages Island, SA, although an estimated 70-85% of the population is based in SA 
(Department of Agriculture, Water and the Environment, n.d.a; Department of Sustainability, Environment, 
Water, Population and Communities, 2012e). The population appears stable, although numbers are not 
increasing, its range is not expanding, and small populations are vulnerable to extinction (Department of 
Agriculture, Water and the Environment, n.d.a). The mid-coast of WA is home to the largest population of 
Australian Sea-lions in WA, and includes colonies on Beagle Island, Fisherman Island, Jurien Bay, 
Cervantes and Buller Island (Department of the Environment and Energy, 2015). The Jurien Bay Marine 
Park is noted as a hotspot for the Australian Sea Lion (Neophoca cinera) (Department of Conservation and 
Land Management, 2005). 

Australian Sea-lions utilise a variety of habitats for breeding sites (rookeries) and haul-out (resting) areas, 
including exposed islands and reefs, rocky terrain, sandy beaches and vegetated fore dunes and swales 
(Department of Agriculture, Water and the Environment, n.d.a). Most colonies occur on islands however 
some occur on the mainland. The closest breeding BIAs to the Proposal are Buller Island, North Fisherman 
Island, and Beagle Island, approximately 19 km, 81 km and 118 km north of the Lancelin UTR respectively 
(Department of the Environment and Energy, 2015). These breeding sites are the only ones on the west 
coast, aside from some small colonies on the Abrolhos Island (Department of Conservation and Land 
Management, 2005). The pupping season may last for five to seven months (Department of Agriculture, 
Water and the Environment, n.d.a). While some male Australian Sea-lions will congregate in bachelor 
colonies on islands areas along the Perth metropolitan area (Department of Agriculture, Water and the 
Environment, n.d.a), the nearest haul-out BIA to the Proposal is North Cervantes Island, approximately 
37 km north of the Lancelin UTR (Department of the Environment and Energy, 2015). Sea lions are unique 
amongst pinnipeds in that they have small breeding colonies, high site fidelity, poor dispersal, and the timing 
of breeding varies between breeding sites (Department of Sustainability, Environment, Water, Population 
and Communities, 2012e). 

Australian Sea-lions have a varied diet, including cephalopods (octopus, squid, cuttlefish and nautilus), fish, 
small sharks, benthic invertebrates (e.g. rock lobsters) and sea birds (Department of Sustainability, 
Environment, Water, Population and Communities, 2012e). Females and juveniles forage throughout the day 
and night; nursing females tend to be benthic feeders, foraging approximately 20-30 km offshore in depths 
up to 150 m, while young sea lions (7-18 months) forage within 10 km of their birth colony (Department of 
Agriculture, Water and the Environment, n.d.a). A foraging BIA for males and females extends from just 
south of Lancelin to north of Dongara (Department of the Environment and Energy, 2015), intersecting the 
Lancelin UTR. Males forage more widely, and have a foraging BIA extending from Garden Island to 
Geraldton, intersecting both the Swanbourne and Lancelin UTRs. The Marmion Marine Park Management 
Plan notes that the majority of sea lions in the Marmion area are males (Department of Conservation and 
Land Management, 1992). Adult males are approximately 185-225 cm and weighing 180-250 kg, whereas 
females are 130-180 cm and weigh 65-100 kg (Department of Agriculture, Water and the Environment, 
n.d.a).  

Threats to Australian Sea-lions include drowning in lobster pots, illegal shooting, entanglement in fishing 
gear, marine debris, climate change, and to a lesser extent noise pollution and human presence at sensitive 
sites (Department of Agriculture, Water and the Environment, n.d.a; Department of Sustainability, 
Environment, Water, Population and Communities, 2012e). Incidents of sea lion pups drowning in lobster 
pots (while attempting to retrieve the bait or the rock lobster) were restricted to shallow waters (<20 m) within 
30 km of sea lion breeding colonies (Bellchambers, Mantel, Chandrapavan, Pember, & Evans, 2012). The 
mandatory use of sea lion exclusion devices on lobster pots since 2006 has had demonstrated success in 
preventing such incidents. 

New Zealand Fur-seals  
New Zealand Fur Seals have a distribution around the southern side of Australia from the Abrolhos Islands, 
WA, to Port Macquarie, NSW, as well as the South Island of New Zealand and several islands in the 
Southern Ocean (Department of Agriculture, Water and the Environment, n.d.a; Department of Sustainability, 
Environment, Water, Population and Communities, 2012e). In WA, breeding colonies occur along the south 
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coast, east of Cape Leeuwin and centred at the Recherche Archipelago. New Zealand Fur Seals forage for 
fish, squid and seabirds in the pelagic waters of the continental shelf. Although the proposed UTRs are within 
the known range of the species, the New Zealand Fur Seal is considered unlikely to occur in the area.  

Cetaceans 
All cetaceans (Order Cetacea, which includes whales and dolphins) in Australian waters are protected under 
the EPBC Act, as well as under the BC Act and international agreements (Gill, Burton, & Morrice, 2006). The 
conservation status varies considerably amongst species, with species such as the Blue, Southern Right and 
Humpback Whale subject to recovery plans whilst Common Dolphins are plentiful, and Southall (2007, as 
cited in Popper et al., 2014) notes that individual marine mammals may be of major consequence from a 
regulatory and conservation perspective. 

33 species are known to occur in the SWMR and a further nine are infrequent visitors (Department of 
Sustainability, Environment, Water, Population and Communities, 2012c). There are two suborders of 
cetaceans: Mysticeti (baleen whales) which are filter feeders and Odontoceti (toothed whales) which have 
teeth for holding prey (Gill, Burton, & Morrice, 2006). Mysticeti has three families in the SWMR: Balaenidae 
(Southern Right Whale), Neobalaenidae (Pygmy Right Whale), and Balaenopteridae (Blue, Fin, Sei, Bryde’s, 
Minke and Humpback Whales). Odontoceti families represented in the SWMR include Physeteridae (Sperm 
Whales); Kogiidae (Pygmy and Dwarf Sperm Whales); Ziphiidae (beaked whales); and Delphinidae (Killer 
Whales, Short-finned Pilot Whales, and dolphins) (Gill, Burton, & Morrice, 2006). Table 4-15 presents a 
summary of cetaceans identified by the EPBC Protected Matters Search (Appendix D) as potentially 
occurring (or with habitat potentially occurring) within 10 km of the Proposal, and their assessed likelihood of 
actual occurrence within the Proposal (Appendix E).  

Table 4-15.  Cetaceans (or their habitat) potentially occurring within 10 km (from Appendices D and E) 

Common Name Current Scientific Name Conservation Status1 
EPBC Act BC Act IUCN 

Cetaceans considered as likely to occur within the Proposal 
Indian Ocean Bottlenose Dolphin, Spotted 
Bottlenose Dolphin2, 3 

Tursiops aduncus   
  

    

Cetaceans considered as possibly occurring within the Proposal 
Indian Ocean Bottlenose Dolphin, Spotted 
Bottlenose Dolphin2, 3 

Tursiops aduncus    

Humpback Whale Megaptera novaeangliae VU; MI CD LC 
Common Dolphin, Short-beaked Common Dolphin Delphinus delphis       

Risso's Dolphin, Grampus Grampus griseus     LC 
Spotted Dolphin, Pantropical Spotted Dolphin Stenella attenuate     LC 
Cetaceans considered as unlikely to occur within the Proposal  
Southern Right Whale Eubalaena australis EN; MI VU LC 
Killer Whale, Orca  Orcinus orca MI   DD 
Pygmy Right Whale Caperea marginata MI   DD 
Minke Whale Balaenoptera acutorostrata     LC 
Bottlenose Dolphin2 Tursiops truncatus s. str.       
Blue Whale4 Balaenoptera musculus MI EN EN 
Bryde's Whale Balaenoptera edeni MI   LC 
Striped Dolphin5 Stenella coeruleoalba   LC 

1 Conservation codes: 
EN: Endangered.   Considered to be facing a very high risk of extinction in the wild in the near future. 
VU: Vulnerable.   Considered to be facing a high risk of extinction in the wild in the medium-term future. 
CD: Conservation Dependent. Dependent on ongoing conservation intervention to prevent it becoming eligible for threatened status 

(CR, EN or VU). 
LC: Least Concern. Does not qualify for Critically Endangered, Endangered, Vulnerable or Near Threatened. Widespread and 

abundant taxa are included in this category. 
DD: Data Deficient. Inadequate information to make a direct, or indirect, assessment of its risk of extinction. 
MI: Migratory.  Subject to international agreement for conservation as a migratory taxon. 
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2 Indian Ocean Bottlenose Dolphin and Bottlenose Dolphin: 

The taxonomy of bottlenose dolphins has been controversial. Two species are currently recognised: Common Bottlenose Dolphin 
(Tursiops truncatus) and Indo-Pacific Bottlenose Dolphin (T. aduncus). In southwestern WA, T. truncatus is generally found well 
offshore and T. aduncus occurs in coastal and estuarine areas (River Guardians, n.d.). 

3 Considered likely to occur at Swanbourne only (no database records of occurrence at Lancelin). 
4 Blue Whale: 

It is generally accepted that there are two subspecies of blue whale in the Southern Hemisphere: Antarctic Blue Whales 
(Balaenoptera musculus intermidia) (typically found south of 60°S) and Pygmy Blue Whales (B. m. brevicauda) (typically found north 
of 55°S), and it is considered that most sightings of blue whales in Australian waters are of the Pygmy Blue Whale (Department of 
Sustainability, Environment, Water, Population and Communities, 2012c). 

5 Striped Dolphin: 
Not returned by the EPBC search (Appendix D) but included as potentially occurring at the Swanbourne UTR due to sightings in the 
Marmion Marine Park (Department of Conservation and Land Management, 1992). 

 
Cetaceans inhabit almost all marine environments, ranging from shallow bays and estuaries to deep ocean, 
and from polar to tropical waters (Gill, Burton, & Morrice, 2006). Some species are restricted to certain areas, 
whereas others undertake seasonal migrations. The confluence of the Leeuwin Current and Capes Current 
bring together tropical (e.g. Short-finned Pilot Whales, Striped and Spinner Dolphins) and Southern Ocean 
species (e.g. Blue Whale, Southern Right Whale) (Gill, Burton, & Morrice, 2006). Different species use the 
region differently: Blue Whales feed on krill in upwellings like the Perth Canyon; Sperm, Pilot and beaked 
whales may be found foraging for squid and fish near the upper slope of the continental shelf; pelagic 
dolphins aggregate with seasonal fish production; Southern Right Whales calve in the southern waters; Killer 
Whales are encountered when their preferred prey (fish, squid, seals, Humpback Whales) are present; 
beaked whales are found in deep canyons and offshore waters; and Humpback Whales have a migration 
corridor along the WA coast when moving between tropical breeding grounds in winter and Antarctic feeding 
grounds in summer (Department of Sustainability, Environment, Water, Population and Communities, 2012c; 
Gill, Burton, & Morrice, 2006). 

The Jurien Bay Marine Park Management Plan (Department of Conservation and Land Management, 2005) 
notes that while six species of toothed whale and eight species of baleen whale have been recorded from 
the marine park, the only cetaceans which are seen regularly are the Humpback Whale and Bottle-nosed 
Dolphin (presumably T. aduncus given the taxonomic confusion (see Note 2 of Table 4-15). Similarly, the 
Southern Right and Humpback Whale are occasional visitors to the Shoalwater Islands Marine Park but the 
Bottlenose Dolphin (presumably T. aduncus)  is the most commonly seen (Department of Environment and 
Conservation, 2007); and the Humpback Whales typically migrate through the Marmion Marine Park 
between August and October while a pod of Bottlenose Dolphins (presumably T. aduncus) appears to have 
its home range in the marine park (Department of Conservation and Land Management, 1992). Striped 
Dolphins are noted as visiting the Marmion Marine Park once or twice annually.  

Cetaceans with BIAs intersecting the Proposal are the Humpback, Southern Right and Blue Whale, as 
described in Table 4-16 below. 

Table 4-16.  Cetacean BIAs intersecting the proposal and associated ecology 

Cetacean Description 

Humpback 
Whales 

A ‘migration’ BIA intersects both the Swanbourne and Lancelin UTRs. 
Humpback Whales migrate annually between their polar summer feeding grounds and their tropical 
winter breeding grounds. Migration BIAs hug the WA coastline from Esperance to the ‘breeding and 
calving BIA’ in the Kimberley (Department of the Environment and Energy, 2015). This migration 
corridor is broken into sections; a nearshore corridor extending approximately 10 km from the coast, 
and an offshore corridor for waters 10 to 60 km from the coast.  
Typically, on the northbound migration (peak: mid-June to mid-July) they are well offshore (some 
30 nm) and on the southbound migration (peak: late Sept to mid-Oct) they are close to shore, and the 
southbound migration of calf-cow pairs may be up to four weeks after the peak southbound migration 
(Department of the Environment and Energy, 2015; Threatened Species Scientific Committee, 2015j). 
Humpback Whales generally migrate alone or in temporary aggregations, with the exception of calf-cow 
pairs (Department of Sustainability, Environment, Water, Population and Communities, 2012c).Timing 
of migration varies depending on water temperature, sea ice, predation, and prey abundance. A 
bottleneck, where the majority of migrating whales pass within 30 km of the coastline, occurs between 
Geographe Bay and Rottnest (Department of Sustainability, Environment, Water, Population and 
Communities, 2012c). 
Both Swanbourne and Lancelin UTRs are away from known resting and breeding areas for the species. 

Pygmy 
Blue 
Whales 

A ‘distribution’ BIA intersects both the Swanbourne and Lancelin UTRs. 
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Cetacean Description 

A distribution BIA (with seasonal high use) for the Pygmy Blue Whale extends from the south coast of 
NSW, around southern Australia, and along the WA coast and up into the Savu Sea (Department of the 
Environment and Energy, 2015). A migration BIA and foraging BIA for the Pygmy Blue Whale occur 
approximately 10 and 20 km off the coast of the LDTA respectively. One of the known significant 
feeding and aggregation areas for the Pygmy Blue Whale is the Perth Canyon, the head of which is 
48 km west of Fremantle, with peak numbers occurring from March to May (Department of 
Sustainability, Environment, Water, Population and Communities, 2012c; McCauley, et al., 2004).  
It is considered that much of the continental shelf and coastal waters are of no particular significance 
and are used for migration and opportunistic feeding (Department of Agriculture, Water and the 
Environment, n.d.a). 

Southern 
Right 
Whale 

A ‘connecting habitat’ BIA and a ‘calving habitat’ BIA intersect the Swanbourne UTR 
Southern Right Whales feed in the Southern Ocean over summer and migrate to calve and breed in 
warmer coastal waters (Department of Sustainability, Environment, Water, Population and 
Communities, 2012c). A ‘connecting habitat’ BIA for the Southern Right Whale, radiating approximately 
20 km from the coast, hugs southern Australia from Guilderton (WA) to Kangaroo Island (SA) 
(Department of the Environment and Energy, 2015). Within this is a calving BIA, composed of a 1.5 km 
coastline buffer running from Two Rocks (WA) to Kangaroo Island (SA). They are seasonally present 
from May to November, generally aggregating in State waters off the southern Australian coastline. 
Perth represents the northern extent of the core range, however rare sightings have occurred at 
Exmouth (Department of Agriculture, Water and the Environment, n.d.a). 

 

Whale-watching is a popular tourist activity, particularly of the Humpback and Southern Right Whales. 
Southern Right Whales tend to be more land-based so as not to impact upon calves and inshore habitats, 
whereas Humpback Whale watching supports a boat-based industry (Gill, Burton, & Morrice, 2006). 
Regulations aimed at reducing disturbance to marine mammals are contained in the WA Biodiversity 
Conservation Regulations 2018. These regulations prohibit interference with marine mammals and prescribe 
separation distances for different mammal species. Similar requirements apply to cetaceans in 
Commonwealth waters (Department of the Environment and Energy, 2017a). 

Impacts to cetaceans include vessel strike, noise, marine debris, entanglement in fishing gear, human 
disturbance, habitat modification, pollution, climate change (Gill, Burton, & Morrice, 2006). 

Deep-diving cetaceans and the Perth Canyon 
In the Perth Canyon, 100 km offshore from the Swan River, Pygmy Blue Whales feed mostly on Euphausia 
recurve (krill), and are expected to only feed in areas with high prey density, so that the metabolic returns 
from feeding outweigh the energy costs in feeding (Pattiaratchi, 2007). Other dolphins sighted in the canyon 
include beaked, Sperm, Minke, Risso’s, Humpback, and Southern Right Whales, and acoustics indicated 
that true Blue Whales (Antarctic, B. musculus intermedia) over-wintered in the canyon and moved south in 
mid-October (Pattiaratchi, 2007). Gill, Burton, and Morrice (2006) suggest that the Fin and Sei Whale may 
also visit the Perth Canyon in summer. 

Reptiles 
The EPBC Protected Matters Search (Appendix D) returned four marine turtle species (Loggerhead Turtle, 
Green Turtle, Leatherback Turtle, and the Flatback Turtle) and three seasnake species (Shark Bay 
Seasnake, Spectacled Seasnake, and Yellow-bellied Seasnake) as potentially occurring within 10 km of the 
proposed Lancelin and Swanbourne UTRs. However, only the Loggerhead Turtle, Green Turtle, Leatherback 
Turtle and Yellow-bellied Seasnake are known to occur within the SWMR (Department of Sustainability, 
Environment, Water, Population and Communities, 2012d). Other marine turtles and seasnakes are 
considered as an infrequent occurrence (see Table 4-17). There are no identified BIAs (areas where 
aggregations are known to display biologically important behaviours such as breeding, foraging, resting or 
migration) for any marine reptiles within the SWMR (Department of the Environment and Energy, 2015). 
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Table 4-17.  Turtles (or their habitat) potentially occurring within 10 km (from Appendices D and E). 

Common Name Current Scientific Name EPBC Listing1 Other Listing 
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BC Act IUCN 

Reptiles considered as possibly occurring within the Proposal 

Loggerhead Turtle  Caretta caretta EN ■ ■ EN VU 

Green Turtle Chelonia mydas VU ■ ■ VU EN 

Leatherback Turtle, 
Leathery Turtle, Luth 

Dermochelys coriacea EN ■ ■ VU VU 

Yellow-bellied Seasnake  Pelamis platurus   ■ - LC 

Reptiles considered as unlikely to occur within the Proposal 

Flatback Turtle  Natator depressus VU ■ ■ VU DD 

Shark Bay Seasnake  Aipysurus pooleorum - - ■ - - 

Spectacled Seasnake  Disteira kingii 
(IUCN-listed as Hydrophis kingii) 

- - ■ - LC 

1 Conservation codes: 
EN: Endangered.   Considered to be facing a very high risk of extinction in the wild in the near future. 
VU: Vulnerable.   Considered to be facing a high risk of extinction in the wild in the medium-term future. 
MI: Migratory.  Subject to international agreement for conservation as a migratory taxon. 
Marine: Taxon naturally occurs in a Commonwealth marine area and requires protection to ensure the long‑term 

conservation of the species. 
LC: Least Concern. Does not qualify for Critically Endangered, Endangered, Vulnerable or Near Threatened. Widespread and 

abundant taxa are included in this category. 
DD: Data Deficient. Inadequate information to make a direct, or indirect, assessment of its risk of extinction. 

 

The ecology of marine reptile species potentially occurring at the Swanbourne and Lancelin UTRs are 
described below. 

Seasnakes 
Only the Yellow-bellied Seasnake is known to occur in the subtropical to temperate waters of the SWMR 
(Department of Sustainability, Environment, Water, Population and Communities, 2012d). This species is 
pelagic and usually found within a few kilometres of the coast, preferring shallow inshore waters between 
11.7–36°C; however it is also found in open water away from coasts and reefs (Department of Agriculture, 
Water and the Environment, n.d.a). The Yellow-bellied Seasnake inhabits slicks and drift lines of the ocean 
current, and feeds by remaining motionless (i.e. imitating an inanimate object) to attract prey fish which 
aggregate beneath it and within striking distance. Most WA seasnakes occur in tropical to subtropical waters 
and favour the shallower waters of reefs and nearshore environments, and their infrequent occurrence in the 
SWMR is as vagrants, carried from warmer waters by the southward-flowing Leeuwin Current (Department 
of Sustainability, Environment, Water, Population and Communities, 2012d). 

Turtles 
Hatchlings of most Australian turtle species will enter the open ocean and disperse with ocean currents, and 
will remain in this pelagic environment for 5-10 years, feeding primarily on macro-zooplankton near the 
surface (Department of the Environment and Energy, 2017c; Limpus, 2002). The southward-flowing Leeuwin 
Current and northward-flowing West Australian Current are important distributors for marine turtles 
(Department of Sustainability, Environment, Water, Population and Communities, 2012d).  

Once large enough (carapace length approximately 35-40 cm for most, and 70 cm for Loggerhead Turtles), 
juveniles will settle in the shallow coastal waters of the continental shelf, inhabiting subtidal and intertidal 
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reefs, seagrass meadows and soft-bottomed habitats. In Australian waters, juveniles and sub-adults 
demonstrate strong fidelity to foraging areas and tend to live year-round in coastal areas within small home 
ranges (Department of the Environment and Energy, 2017c). Once in coastal foraging habitat, the diets 
become more species-specific (see Table 4-18). The exception to this is the Leatherback Turtle, which 
spends almost its entire life in oceanic waters (Department of the Environment and Energy, 2017c; Limpus, 
2002), however it feeds primarily on gelatinous and soft-bodied invertebrates such as jellyfish and data 
suggests that their distribution is heavily prey-influenced, hence Leatherback Turtles may be sighted 
nearshore (Continental Shelf Associates, Inc., 2004).  

Table 4-18.  Marine turtle dietary preferences by species (Department of the Environment and Energy, 2017c). 

Species Generalised diet 

Green Turtle Primarily herbivorous, foraging on algae, seagrass and mangroves. In their pelagic juvenile 
stage, they feed on algae, pelagic crustaceans and molluscs 

Loggerhead Turtle Carnivorous, feeding predominantly on benthic invertebrates in habitats ranging from near shore 
to 55 m. During their post-hatchling stage, they feed on algae, pelagic crustaceans and molluscs. 

Flatback Turtle Primarily carnivorous, feeding on soft-bodied invertebrates. Juveniles eat gastropod molluscs, 
squid, siphonophores. Limited data indicate that cuttlefish, hydroids, soft corals, crinoids, 
molluscs and jellyfish are also eaten. 

Leatherback Turtle Oceanic and therefore remain planktivorous throughout their life, feeding on jellyfish and large 
planktonic ascidians (e.g. sea squirts) in the water column. 

 

Only the Leatherback, Loggerhead and Green Turtle are known to occur in the SWMR (Department of 
Sustainability, Environment, Water, Population and Communities, 2012d). Loggerhead Turtles are one of the 
most commonly sighted turtles along the southwest coast, and there are sub-adults and adults resident in the 
Perth region between Rottnest and Geographe Bay (Department of Sustainability, Environment, Water, 
Population and Communities, 2012d). Green Turtles are generally found in tropical to subtropical waters, 
however large juvenile Green Turtles are often seen in the reefs around Rottnest Island (WA DEC, 2010, as 
cited in Department of Sustainability, Environment, Water, Population and Communities, 2012d) and may be 
resident in the Jurien Bay region (Department of Conservation and Land Management, 2005). 

Post-hatchling Loggerhead Turtles (originating in the Gascoyne area) are regularly stranded along the 
southwest coast following winter and early spring storms, particularly in years with a strong Leeuwin Current 
(Dolphin Discovery Centre, 2019; Prince,1990 and WA DEC, 2010, both as cited in in Department of 
Sustainability, Environment, Water, Population and Communities, 2012d).  

Juvenile Hawksbill and Flatback Turtles are also recorded from strandings along the southwest coast, 
however these species are generally restricted to warmer, tropical waters and are considered vagrants within 
the SWMR (Dolphin Discovery Centre, 2019; Prince & Crane, 1996, as cited in in Department of 
Sustainability, Environment, Water, Population and Communities, 2012d). 

Seabirds  
Seabirds may be considered as bird species whose normal habitat and/or food source is derived from the 
marine environment, whether it be coastal, offshore or pelagic (Harrison, 1983, as cited in Surman & 
Nicholson, 2006). This includes penguins, albatrosses, petrels and shearwaters, storm-petrels, diving 
petrels, pelicans, gannets, cormorants and shags, tropicbirds, skuas, noddies, terns and gulls, as well as 
marine raptors. It does not include waterbirds (i.e. ducks) or shorebirds (i.e. migratory waders). 

All seabird species and their eggs are protected as marine species under the EPBC Act, sometimes with 
additional listings as migratory or threatened, making it an offence to kill, injure, take, trade, keep or move 
seabirds on Australian Government land or in Commonwealth waters (Surman & Nicholson, 2006). Seabirds 
are also protected by the BC Act within State coastal waters, and several species are protected under 
international agreements. Based on a search of the EPBC Act protected matters database (Appendix D) on 
18 February 2020 and likelihood assessment (Appendix E), there are seven species considered as likely to 
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occur at Lancelin, 22 as possibly occurring, and 20 as unlikely. At Swanbourne, six species are considered 
as likely to occur, 25 as possibly occurring, and 39 as unlikely (Table 4-19). 

Table 4-19.  EPBC-listed birds potentially occurring within 10 km (from Appendix D and E). 

Common Name Current Scientific Name EPBC 
Listing1 

Presence 
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Seabirds considered as likely to occur within the Proposal 

Flesh-footed Shearwater  Ardenna carneipes 
(Listed ‘Marine’ as Puffinus carneipes) 

 ■ ■ ■ ■ 

White-bellied Sea-Eagle2 Haliaeetus leucogaster   ■ 2 ■ 

Caspian Tern  Hydroprogne caspia 
(Listed ‘Marine’ as Sterna caspia) 

 ■ ■ ■ ■ 

Osprey  Pandion cristatus  ■ ■ ■ ■ 

Roseate Tern Sterna dougallii  ■ ■ ■ ■ 

Australian Fairy Tern  Sternula nereis nereis VU   ■ ■ 

Crested Tern  Thalasseus bergii 
(Listed ‘Marine’ as Sterna bergii) 

 ■ ■ - ■ 

Seabirds considered as possibly occurring within the Proposal 

White-bellied Sea-Eagle2 Haliaeetus leucogaster   ■ ■ 2 

Common Noddy  Anous stolidus  ■ ■ ■ ■ 

Australian Lesser Noddy Anous tenuirostris melanops VU  ■ ■ ■ 

Wedge-tailed Shearwater Ardenna pacifica 
(Listed ‘Marine’ as Puffinus pacificus) 

 ■ ■ - ■ 

Great Knot Calidris tenuirostris CR ■ ■ ■ - 

Greater Sand Plover, Large Sand Plover Charadrius leschenaultii VU ■ ■ ■ - 

Lesser Sand Plover, Mongolian Plover Charadrius mongolus EN ■ ■ ■ - 

Red-capped Plover Charadrius ruficapillus   ■ ■ - 

Amsterdam Albatross Diomedea amsterdamensis EN ■ ■ ■ ■ 

Southern Royal Albatross Diomedea epomophora VU ■ ■ ■ ■ 

Wandering Albatross  Diomedea exulans VU ■ ■ ■ ■ 

Northern Royal Albatross Diomedea sanfordi EN ■ ■ ■ ■ 

Blue Petrel Halobaena caerulea VU  ■ ■ ■ 

Silver Gull Larus novaehollandiae   ■ - ■ 

Pacific Gull Larus pacificus   ■ ■ ■ 

Bar-tailed Godwit Limosa lapponica  ■ ■ ■ ■ 

Bar-tailed Godwit (baueri), Western 
Alaskan Bar-tailed Godwit 

Limosa lapponica baueri VU ■ ■ ■ ■ 

Northern Siberian Bar-tailed Godwit, Bar-
tailed Godwit (menzbieri)  

Limosa lapponica menzbieri CR ■ ■ ■ ■ 

Bridled Tern Onychoprion anaethetus 
(Listed ‘Marine’ as Sterna anaethetus) 

 ■ ■ ■ ■ 

Soft-plumaged Petrel Pterodroma mollis VU  ■ ■ ■ 

Little Shearwater  Puffinus assimilis   ■ ■ ■ 
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Sooty Tern  Onychoprion fuscatus   ■ - ■ 

Indian Yellow-nosed Albatross  Thalassarche carteri VU ■ ■ ■ ■ 

Tasmanian Shy Albatross Thalassarche cauta 
(Listed ‘Threatened’ as Thalassarche 
cauta cauta) 

VU ■ ■ ■ ■ 

Campbell Albatross, Campbell Black-
browed Albatross 

Thalassarche impavida VU ■ ■ ■ ■ 

White-capped Albatross Thalassarche steadi 
(Listed ‘Threatened’ as Thalassarche 
cauta steadi) 

VU ■ ■ ■ ■ 

Grey-tailed Tattler Tringa brevipes 
(Listed ‘Marine’ as Heteroscelus 
brevipes) 

 ■ ■ ■ - 

Common Greenshank, Greenshank Tringa nebularia  ■ ■ ■ ■ 

Seabirds considered as unlikely to occur within the Proposal 

Common Sandpiper Actitis hypoleucos  ■ ■ ■ ■ 

Fork-tailed Swift Apus pacificus  ■ ■ ■ ■ 

Cattle Egret  Ardea ibis   ■ ■ ■ 

Eastern Great Egret Ardea modesta 
(Listed ‘Marine’ as Ardea alba) 

  ■ ■ ■ 

Ruddy Turnstone  Arenaria interpres  ■ ■ ■ - 

Australasian Bittern  Botaurus poiciloptilus EN   ■ - 

Sharp-tailed Sandpiper Calidris acuminata 
 

■ ■ ■ ■ 

Sanderling  Calidris alba 
 

■ ■ ■ - 

Red Knot, Knot  Calidris canutus EN ■ ■ ■ ■ 

Curlew Sandpiper Calidris ferruginea CR ■ ■ ■ ■ 

Pectoral Sandpiper  Calidris melanotos  ■ ■ ■ ■ 

Red-necked Stint  Calidris ruficollis  ■ ■ ■ - 

Great Skua  Catharacta skua   ■ ■ ■ 

Double-banded Plover  Charadrius bicinctus  ■ ■ ■ - 

Tristan Albatross  Diomedea dabbenena EN ■ ■ ■ - 

Swinhoe's Snipe  Gallinago megala  ■ ■ ■ - 

Pin-tailed Snipe Gallinago stenura  ■ ■ ■ - 

Pied Stilt, Black-winged Stilt  Himantopus himantopus   ■ ■ - 

Black-tailed Godwit  Limosa limosa  ■ ■ ■ - 

Southern Giant-Petrel, Southern Giant 
Petrel  

Macronectes giganteus EN ■ ■ ■ ■ 

Northern Giant Petrel  Macronectes halli VU ■ ■ ■ ■ 

Rainbow Bee-eater  Merops ornatus   ■ ■ ■ 

Eastern Curlew, Far Eastern Curlew  Numenius madagascariensis CR ■ ■ ■ ■ 

Little Curlew, Little Whimbrel Numenius minutus  ■ ■ ■ - 
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Whimbrel  Numenius phaeopus  ■ ■ ■ - 

Fairy Prion  Pachyptila turtur   ■ ■ ■ 

Fairy Prion (southern) Pachyptila turtur subantarctica VU  ■ ■ ■ 

White-faced Storm-Petrel  Pelagodroma marina   ■ - ■ 

Red-necked Phalarope  Phalaropus lobatus  ■ ■ ■ - 

Sooty Albatross  Phoebetria fusca VU ■ ■ ■ ■ 

Pacific Golden Plover  Pluvialis fulva  ■ ■ ■ - 

Grey Plover  Pluvialis squatarola  ■ ■ ■ - 

Great-winged Petrel  Pterodroma macroptera   ■ - ■ 

Red-necked Avocet  Recurvirostra novaehollandiae   ■ ■ - 

Australian Painted-snipe, Australian 
Painted Snipe  

*Rostratula australis 
(Listed ‘Marine’ as Rostratula 
benghalensis (sensu lato)) 

EN  ■ ■ ■ 

Black-browed Albatross  Thalassarche melanophris VU ■ ■ ■ ■ 

Hooded Plover  Thinornis rubricollis   ■ ■ - 

Wood Sandpiper Tringa glareola  ■ ■ ■ - 

Marsh Sandpiper, Little Greenshank  Tringa stagnatilis 
 

■ ■ ■ - 

Common Redshank, Redshank  Tringa tetanus 
 

■ ■ ■ - 

Terek Sandpiper   Xenus cinereus 
 

■ ■ ■ - 

1 Conservation codes: 
CR: Critically Endangered.  Facing an extremely high risk of extinction in the wild in the immediate future 
EN: Endangered.   Considered to be facing a very high risk of extinction in the wild in the near future. 
VU: Vulnerable.   Considered to be facing a high risk of extinction in the wild in the medium-term future. 
Migratory   Subject to international agreement for conservation as a migratory taxon 
Marine  Taxon naturally occurs in a Commonwealth marine area and requires protection to ensure the long‑term 

conservation of the species. 
2 Considered likely to occur at Lancelin only (no database records of occurrence at Swanbourne). 

 

Different suites of seabirds are associated with the different water types created by the Leeuwin Current and 
Capes Current and upwellings (Suman & Wooller, 2000, as cited in Surman & Nicholson, 2006). This may 
account for the diversity of breeding seasons, with most species breeding over spring/summer but several 
breeding over winter, and the Roseate Tern, Crested Tern and Silver Gull breeding spring/summer or 
autumn (Dunlop & Wooller, 1990, as cited in Surman & Nicholson, 2006). When considering migratory and 
breeding behaviour, there are three main groups of seabirds: breeding, non-breeding visitors, and vagrants 
(Surman & Nicholson, 2006). As with other fauna groups, reproductive output of seabirds is influence by prey 
and the Leeuwin Current delivery of prey species (Surman & Wooller, 2003, as cited in Surman & Nicholson, 
2006). 

The SWMR is home not only to significant numbers of foraging seabirds, but also contains some of the most 
significant and diverse breeding grounds in Australian waters (Surman & Nicholson, 2006). Nearly three 
quarters of Australia’s seabird species may be found in this region, and half of the seabird species which 
breed in Australian waters, breed in this region. There are hundreds of islands within the SWMR which 
provide important nesting habitat for seabird communities (Surman & Nicholson, 2006). The islands between 
Cape Leeuwin and Dongara are typically low-lying (rarely exceeding 20 m) limestone, covered in dunes. Of 
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the archipelagos considered significant, the inshore islands between Dongara and Mandurah (consisting of 
50 islands over 400 km and including the Shoalwater Bay Islands) are the closest to the Proposal (Surman & 
Nicholson, 2006). The Jurien Bay Marine Park is noted being a stretch of coastline with important breeding 
habitats for a number of seabird species including Fairy Terns (Sternula nereis) and Osprey (Pandion 
cristatus) (Department of Biodiversity, Conservation and Attraction, 2018). Seabird BIAs that intersect the 
Proposal are described in Table 4-20.  

Table 4-20.  BIAs for seabirds (Department of the Environment and Energy, 2015) 

Species Description 

Caspian Tern 
(Hydroprogne caspia) 

Foraging (provisioning young) BIA from south of Mandurah to Kalbarri, foraging 
mainly inshore and offshore. 

Fairy Tern 
(Sternula nereis) 

Foraging (in high numbers) BIA from Bunbury to Geraldton, foraging mainly inshore 
and blue-water seas around islands. 

Little Shearwater 
(Puffinus assimilis tunneyi) 

Foraging (in high numbers) BIA from Kalbarri to Eucla including offshore waters. 
Pelagic and offshore, foraging 4-200 km off coast. 

Pacific Gull 
(Larus pacificus) Inshore foraging (in high numbers) BIA from Point Quobba to Wedge Island 

Roseate Tern 
(Sterna dougallii) 

Foraging BIA in offshore and coastal water from south of Mandurah to south of 
Dongara. 

Wedge-tailed Shearwater 
(Ardenna pacifica) 

A foraging (in high numbers) BIA, composed of a 100 km buffer of the coast from 
Cape Naturaliste to Shark Bay. Foraging is generally pelagic and in waters 10-
300 km offshore, occurring mid-August to May. 

Albatross, shearwaters and petrels 
Over the winter, sub-Antarctic albatrosses and petrels visit the offshore areas along the edge of the 
continental shelf to forage, and species such as the soft-plumaged petrel are regularly recorded as far north 
as the Montebello Islands (WA) (Surman & Nicholson, 2006). Albatrosses are common in pelagic and 
oceanic waters, and forage by diving for fish and cephalopod prey (Department of Sustainability, 
Environment, Water, Population and Communities, 2012f). Some summer-breeding species may migrate to 
(or through) these areas, foraging as they go. Occasionally, seabirds not associated with the SWMR may be 
blown ashore by storms, including species from sub-antarctic and more tropical areas (Surman & Nicholson, 
2006). Albatrosses are often associated with tuna long-line fishing vessels, opportunistically seizing 
discarded bait/catch (Surman & Nicholson, 2006). 

26 species (12 petrels, 8 shearwaters, 5 prions and a diving petrel) routinely visit or breed in the SWMR, 
however only the Wedge-tailed Shearwater, Little Shearwater, Flesh-footed Shearwater, Short-tailed 
Shearwater and the Great-winged Petrel nest on the coastal islands (Surman & Nicholson, 2006). Rottnest 
Island is an important Wedge-tailed Shearwater breeding area, hosting 11,745 pairs of a growing population 
(Department of Sustainability, Environment, Water, Population and Communities, 2012f). Wedge-tailed 
Shearwaters typically forage 10–300 km off the coast (Department of Sustainability, Environment, Water, 
Population and Communities, 2012f). The majority of remaining petrel species are winter migrants to 
breeding areas on sub-Antarctic islands. The White-faced Storm Petrel breeds in sandy areas through the 
SWMR and as far north as the Abrolhos, with a significant breeding area on Lancelin Island (Surman & 
Nicholson, 2006). Petrels typically feed on small fish, cephalopods and crustaceans along the edge of the 
continental shelf and over open water (Department of Sustainability, Environment, Water, Population and 
Communities, 2012f). Soft-plumaged Petrels are common off the west continental shelves, south of the 
Tropic of Capricorn (Department of Sustainability, Environment, Water, Population and Communities, 2012f). 
Flesh-footed Shearwaters may be found as far north as the North West Cape (Powell, 2009, as cited in 
Department of Sustainability, Environment, Water, Population and Communities, 2012f). 
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Pelicans and cormorants 
The Australian Pelican (Pelecanus conspicillatus) and five species of cormorant breed and forage in the 
SWMR (Surman & Nicholson, 2006). Little Pied Cormorants occur north of Cape Leeuwin, and nest in small 
numbers on the west coast islands including Lancelin and Penguin Island (Surman & Nicholson, 2006). 

Marine raptors 
Both the Osprey and White-bellied Sea Eagle (Haliaeetus leucogaster) inhabit coastal areas and breed 
mostly on coastal islands within the SWMR (Surman & Nicholson, 2006). Ospreys feed almost exclusively on 
fish whereas the diet of the White-bellied Sea Eagle includes fish, seabirds and mammals. 

Gulls 
Silver Gulls (Larus novaehollandiae) breed on many islands within the SWMR, however large colonies also 
nest by urban areas (Surman & Nicholson, 2006). Pacific Gulls (Larus pacificus) are the dominant gull within 
the SWMR, breeding in one or two pairs per island (Surman & Nicholson, 2006). There are probably two 
distinct populations of Pacific Gulls in WA, one on the south coast and another further north, between 
Lancelin and Shark Bay (Department of Sustainability, Environment, Water, Population and Communities, 
2012f). This northern population consists of approximately 200 pairs. Shellfish are an important part of the 
diet of Pacific Gulls in Western Australia (Department of Sustainability, Environment, Water, Population and 
Communities, 2012f). 

Terns and noddies 
The most significant breeding and foraging area for terns and noddies is the Houtman Abrolhos, which is 
also the only breeding area for the Australian Lesser Noddy (Anous tenuirostris melanops) in Australia. 
During non-breeding periods, the Australian Lesser Noddy tends to remain near breeding sites but forage 
hundreds of kilometres away over the open ocean (Department of Sustainability, Environment, Water, 
Population and Communities, 2012f). The Common Noddy (Anous stolidus) and Sooty Terns (Onychoprion 
fuscatus) have major nesting areas in the Houtman Abrolhos, and smaller populations breeding on Lancelin 
Island (Department of Sustainability, Environment, Water, Population and Communities, 2012f; Surman & 
Nicholson, 2006). During non-breeding periods, the Common Noddy leaves their breeding sites in favour of 
foraging in tropical waters (Department of Sustainability, Environment, Water, Population and Communities, 
2012f). Common Noddies move away from their breeding sites during non-breeding periods. Bridled Terns 
(Onychoprion anaethetus) have been observed breeding as far south as Cape Leeuwin (Serventy et 
al.,1971, as cited in Surman & Nicholson, 2006). 

Light-backed terns (including Caspian Terns, Roseate Terns and Fairy Terns) feed by diving for small fish in 
coastal waters, often within sight of land (Department of Sustainability, Environment, Water, Population and 
Communities, 2012f). The dark terns (including Bridled Terns and Sooty Terns) and noddies have larger 
foraging areas which include the edge of the continental shelf and open waters, feeding mostly on planktonic 
fishes and squid. Sooty Terns, Common Noddies and Australian Lesser Noddies often rely on predatory tuna 
to aggregate prey near the surface (Jaquemet et al., 2004, as cited in Department of Sustainability, 
Environment, Water, Population and Communities, 2012f). The Australian Lesser Noddy appears largely 
dependent upon a single, seasonally-variable species of larval fish (Gaughin et al. 2002, as cited in Surman 
& Nicholson, 2006). 

Penguins 
Little Penguins (Eudyptula minor) are unlikely to occur in the area of the Proposal. Penguin Island, 
approximately 36 km south of the Swambourne UTR Operational Envelope, is the largest known breeding 
colony in WA and is close to the northernmost limit of the species’ distribution (Department of Environment 
and Conservation, 2007). Little Penguins access feeding areas in the Shoalwater Islands Marine Park 
(Department of Environment and Conservation, 2007). 
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4.4.4 Potential impacts 
Potential impacts of underwater detonation exercises include: 

◼ direct impacts through:  

− mortality and injury of marine fauna (pressure/noise/vibration) 

◼ indirect impacts through:  

− changes in marine fauna behaviour/hearing damage (pressure/noise/vibration) 

− stressor effects on marine fauna (pressure/noise/vibration) 

− changes in marine environmental quality 

◼ introduction of toxicants associated with detonation materials, which may have toxicity effects on 
marine fauna 

◼ release of physical debris associated with detonation materials and targets, which may injure fauna 

◼ introduction of contaminants from hydrocarbons and other spills 

◼ periods of increased turbidity and sediment deposition following detonations, which may reduce 
light availability and smother BCH 

◼ cumulative impacts of this Proposal with other proposals 

4.4.5 Assessment of impacts 
As discussed under Section 4.2 (Benthic Communities and Habitats), the Proposal is unlikely to result in the 
net long-term loss of BCH. The Training Footprint would be located over areas of unconsolidated sediment 
with less than 25% vegetative cover, as far away as practicable from any nearby seagrass meadows or 
limestone reef (at least 25 m at Swanbourne and 50 m at Lancelin). In seasons where areas meeting this 
siting criteria cannot be located at Swanbourne, all training will be held at Lancelin. This enables the 
proposed training to avoid seasonally variable seagrass areas, and also limit any cumulative effects on BCH 
by moving the Training Footprint as needed. The indirect impacts of turbidity and sedimentation on 
seagrasses and other BCH are considered temporary and comparatively minor against the natural 
hydrodynamic processes. Given that no significant residual loss of benthic habitat is anticipated, impacts on 
Marine Fauna due to habitat losses are also anticipated to not be significant and are not discussed further.  

As discussed under Section 4.3 (Marine Environmental Quality), the chemical constituents of the proposed 
charges break down rapidly in sediment. As breakdown products are weakly hydrophobic, they readily 
partition to the water column and become diluted in the marine environment. As such, no toxicity or 
bioaccumulation or sediment build-up from any trace amounts of detonation compounds is expected. Given 
that no significant residual degradation of Marine Environmental Quality is anticipated, impacts on Marine 
Fauna due to changes in marine environmental quality are also anticipated to not be significant and are not 
discussed further. 

The mechanisms of injury resulting from underwater detonations are common to most species (Appendix B). 
Water is an extremely efficient transmitter of shock pulse energy. The rapid pressure changes and extremely 
high peak pressures generated by detonations can have detrimental impacts on aquatic fauna, including 
barotrauma (pressure-related injury) and death. For example, rapid pressure changes can cause dissolved 
gases to rapidly come out of solution (e.g. when a diver surfaces too quickly and experiences decompression 
sickness or “the bends”) and can cause damage at the boundaries between tissues of different densities, 
especially at gas-liquid interfaces (Continental Shelf Associates, Inc., 2004; Hill, 1978). In animals, gas-
containing organs (such as the lungs of marine mammal and turtles, the swim bladder of fish) and gas 
inclusions (gastrointestinal spaces) are the most vulnerable to barotrauma (Popper, et al., 2014).  

The extent of mortality and injury depends on the size and depth of charge, composition of charge used, 
water depth, bottom composition, distance and depth of individual from detonation centre and size and type 
of species concerned. Fish mortality and injury as a result of blasting operations is predominantly caused by 
the initial pressure wave and resulting internal haemorrhaging and/or rupture of gas-containing organs (e.g. 
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swim bladder, lungs, gastrointestinal tract). The principle impacts on marine mammals concern damage to 
the lungs and auditory systems.  

In the following sections, the specific effects and relevant thresholds and guidelines are discussed for 
invertebrates, fish, marine mammals, marine turtles and birds with direct and indirect impacts broken down 
under each species group. The analysis in this section is underpinned by a technical assessment of the 
potential pressure, noise and vibration effects of underwater detonations in the marine environment 
(Appendix B). 

The Proposal has no construction element, as such all potential impacts from the Proposal are operational 
and associated with the detonation of low-weight charges in the marine environment.  

Fish 
Fish typically have a much larger lethal impact zone than other marine fauna (Lewis, 1996). The broad 
conclusion is that at close range (within metres), underwater detonations are lethal to almost all fish species, 
however at greater distances it is predominantly the presence of a swim bladder which determines 
vulnerability to shock (Yelverton, Richmond, Hicks, Sanders, & Fletcher, 1975; Continental Shelf Associates, 
Inc., 2004).  

Most bony fish have a swim bladder, a gas-filled hydrostatic organ in the abdomen that primarily aids in 
regulating buoyancy, and it has been shown to be particularly vulnerable to the damaging expansion caused 
by the negative pressures of bubble oscillations and surface-reflections of detonation shockwaves 
(Continental Shelf Associates, Inc., 2004; Hubbs & Rechnitzer, 1952; Popper, et al., 2014) (see Appendix B 
for an overview of the mechanics of underwater detonations). Goertner et al. (1994, as cited in Lewis, 1996) 
graphically demonstrated the contribution of gas-filled cavities to underwater detonation injuries by injecting 
air into the abdomen of fish without swim bladders to simulate the presence of a swim bladder. Post 
detonation exposure, fish with air injections had extensive trauma to internal organs, whereas fish without 
appeared unharmed. Similarly, fish with swim bladders may respond like fish without swim bladders, 
depending on the extent to which the swim bladder is inflated (Halvorsen et al., 2011, as cited in Popper et 
al., 2014). The range over which a fish with a swim bladder may sustain damage is in the order of 100 times 
greater than for fish without swim bladders (Goertner, 1978, as cited in Popper et al., 2014). 

Direct Mortality and injury 
At close range, underwater detonations are lethal to most fish species, regardless of size, shape or anatomy 
(Continental Shelf Associates, Inc., 2004; Lewis, 1996). At greater distances, the impact is affected by a 
myriad of biological factors including: fish anatomy and size, life stage, depth of the fish in the water column, 
and orientation and distance from the blast (Continental Shelf Associates, Inc., 2004; Lewis, 1996). Some 
fish species are considered more vulnerable than others due to physical (e.g. size, anatomy) and 
behavioural (e.g. schooling, spawning aggregations) differences (Department of Fisheries, 2013).  

Yelverton et al. (1975, p. 5) describes fish without swim bladders as “practically invulnerable to underwater 
shock”. While they are certainly more tolerant of detonations, fish without swim bladders will still be killed or 
injured within very short distances of an in-water detonation (Dunlap Kolden & Aimone-Martin, 2013; Popper, 
et al., 2014). Such injuries include lethal blood loss from gill haemorrhage (attributed to oscillations of gas 
microbubbles in the gill epithelium) in addition to cranial haemorrhage from differential motion of the otoliths 
(Goertner, Wiley, Young, & McDonald, 1994). 

In most situations, mortality in fish is due to organ and tissue damage and internal bleeding (Continental 
Shelf Associates, Inc., 2004). The most commonly injured organs are those with air spaces and include the 
body cavity, pericardial sac and gut, however swim bladder injuries are the most frequently observed (Lewis, 
1996; Continental Shelf Associates, Inc., 2004). The rapid contraction and expansion of the swim bladder 
may damage proximal organs, such as the kidney, spleen and liver; this damage may result in delayed 
mortality (Keevin & Hempen, 1997; Popper, et al., 2014).  

The deaths of a small number of fish common to the area is generally considered acceptable (Young, 1991), 
and the main goal regarding fish populations is to predict impacts, rather than set “safe ranges” for mitigation 
and/or monitoring (Continental Shelf Associates, Inc., 2004).  
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Young (1991) developed separate equations predicting 90% survivability (LD10) for fish with and without 
swim bladders. For fish without swim bladders (which are relatively invulnerable to underwater detonation 
pressures), Young (1991) used cube-scaling: 

R= 3.38 WE1/3 

where:  

◼ R = Range in feet;  

◼ WE = Weight of Detonation in pounds 

Using Young’s (1991) equation gives a 90% survivability range for fish without swimbladders of 1.2 m at 
Swanbourne and 2.5 m at Lancelin (Table 4-21). 

Table 4-21.  90% survivability range for fish without swimbladders (based on Young (1991)). 

Fauna group 90% survivability range (m) 

Swanbourne: 0.685 kg charge1 Lancelin: 6.85 kg charge1 

Fish without swimbladders 1.2 m 2.5 m 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 
equivalent to RDX-based charges with the highest equivalent demolition power of the proposed charges.  

 

For fish with swim bladders, Young (1991) used the dynamic model (the swim bladder oscillation model) and 
his equation is based on experimental data and injury related to both compressive and rarefactive waves in 
relatively shallow depths (i.e. less than 15 m). The equation reflects that small fish are more vulnerable than 
large fish, and that fish near the surface are more vulnerable than fish deeper in the water column (Young, 
1991).  

R = 95 WF -0.13 WE0.28(DOB)0.22 

where:  

◼ R = Range in feet 

◼ WF = Weight of Fish in pounds 

◼ WE = Weight of Detonation in pounds 

◼ DOB = Depth of Burst in feet 

Using Young’s (1991) equation for a detonation at 8 m gives a 90% survivability range for 1 g fish with 
swimbladders of 148 m at Swanbourne and 281 m at Lancelin (Table 4-22). The 90% survivability range is 
roughly halved for 250 g fish with swimbladders (i.e. 72 m at Swanbourne and 137 m at Lancelin). 

Table 4-22.  90% survivability range for fish with swimbladders (based on Young (1991)). 

◼ Fish weight 
(g) 

90% survivability (m) for fish with swimbladder 

Swanbourne: 0.685 kg charge1 Lancelin: 6.85 kg charge1 

DOB: 4 m DOB: 8 m DOB: 4 m DOB: 8 m 

1 127 148 242 281 

10 94 110 179 209 

250 62 72 118 137 

500 57 66 108 125 

1,000 52 60 98 115 

2,000 47 55 90 105 

10,000 38 45 73 85 
1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 

equivalent to RDX based charges with the highest equivalent demolition power of the proposed charges.  
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Whilst small numbers of fish kill of fish common to the area is considered unavoidable, Young (1991) notes 
this loss is reduced by delaying detonations until schools of fish leave the area. 

Sub-lethal and indirect impacts 
Hubbs and Rechnitzer (1952, p. 346) adopted a strict damage criteria in which any injury was interpreted as 
probable death as it was considered “highly probable that most fish seriously injured by a blast would 
succumb later, through weakness, disease, or predation”. Predation upon killed or incapacitated fish can be 
substantial, particularly for smaller fish (Continental Shelf Associates, Inc., 2004), and there have been 
observations of opportunistic predation by sea-lions (Hubbs & Rechnitzer, 1952), birds (Teleki & 
Chamberlain, 1978, as cited in Dunlap Kolden & Aimone-Martin 2013) and other fish (Fitch & Young, 1948, 
as cited in Lewis, 1996). However, Hubbs and Rechnitzer (1952) also note this damage criteria may have 
been too rigid as, under favourable conditions, possibly many of the affected fish (particularly those that were 
only stunned) could recover with no permanent harm. Yelverton et al. (1975) found that fish had survived 
even extremely serious injuries such as swim bladder rupture, and studies by Gaspin et al., 1976, and 
Gaspin, 1977, (both as cited in Lewis, 1996) found that in a holding tank, fish would survive and heal. 
However, reduced fitness during recovery may increase vulnerability to predation and disease, and seriously 
injured fish are unlikely to survive in the wild (Gaspin, 1975, as cited in Popper et al., 2014). 

Recoverable injuries include fin hematomas, capillary dilation, and loss of sensory hair cells (Popper, et al., 
2014), light haemorrhaging (Gaspin, 1975, cited in Lewis 1996), as well as damage to the nervous system, 
brain, and swim bladder, affecting swimming (Lewis, 1996). Continental Shelf Associates, Inc. (2004) states 
that sublethal effects are more likely to involve temporary or permanent impacts to hearing and sound 
detection (see discussion below). Canadian guidelines note that sublethal impacts including behavioural 
changes have been observed in response to the noise of detonations (Wright & Hopky, 1998, cited in Popper 
et al., 2014). Damage to hearing, orientation, and the endocrine and nervous system could present as 
unusual behaviour (Continental Shelf Associates, Inc., 2004).  

A summary of potential indirect and sublethal impacts on finfish is presented in Table 4-23 below. 

Table 4-23.  Potential indirect and sublethal impacts on fish (adapted from Webster et al. (2018). 

Life Stage Impact type Potential impact of seismic survey 

Adults and 
juveniles 

Mortality Death up to 12 months after survey 

Physical Impacts Lateral line damage 

Auditory system damage  

Damage to internal organs (e.g. swim bladder) 

Physiological Impacts Increased serum cortisol, glucose & lactate 

Hearing loss or hearing threshold shifts 

Elevated ventilation response 

Behavioural Impacts Temporary stunning 

Startle or flight response/erratic swimming 

Change in vertical position  

Change in horizontal position 

Change in swimming behaviour 

Effects on breeding behaviour 

Acoustic masking 



 

Project number EST04718  File EST04718_EPA Referral_Rev0.docx, 2020-04-06  Revision 0   106 

Life Stage Impact type Potential impact of seismic survey 

Displacement (i.e. residency change) 

Larvae and 
eggs 

Physical Impacts Yolk displacement/membrane perturbation 

Disruption to hearing/movement detection 

Body malformations (larvae) 

Changes in egg/larvae development 

Behavioural Impacts Swimming behaviour (larvae) 

Acoustic masking (larvae) 

Fish hearing 

Mechanics of fish hearing 

Fishes have two sensory systems of sound reception (together, called the “octavolateralis system”): the 
lateral line and the ear.  

The lateral line system consists of neuromasts (groups of displacement-sensitive sensory hair cells) which 
detect water motion within one to two body lengths and are important in orientation as well as predator 
avoidance and prey detection (Popper, et al., 2014). While conceivable that underwater detonations could 
damage the lateral line, there is no documented evidence of such damage occurring (Hastings et al., 1996, 
as cited in Popper et al., 2014). 

The ear detects sound at considerable distances and over a much wider range of frequencies, ranging from 
20 Hz to several thousand Hz in some species (Popper A. N., 2005). The auditory portion of the ear is the 
otolithic organ (an inner ear structure) consisting of a dense calcareous mass in contact with a sensory 
epithelium which has numerous sensory hair cells (Popper, et al., 2014). These sensory hair cells are 
practically the same in all vertebrates (Coffin et al., 2004, as cited in Popper, 2005). Relative motion between 
the otolith and the sensory epithelium activate the hair cells, allowing the fish to detect particle motion 
(Popper, et al., 2014). Some fish also have an adaptation providing sensitivity to sound pressure via a 
mechanical coupling with the swim bladder (or other gas-filled structure) which radiates particle motion to the 
otolithic organs (Popper, et al., 2014). These adaptions increase hearing sensitivity and broaden the range of 
frequencies heard (Popper, et al., 2014). 

Sharks 

Elasmobranchs (sharks, rays and skates) lack a swim bladder and so are less vulnerable to trauma from 
extreme pressure changes than fish with swim bladders and lack any swim bladder-assisted sensitivity to 
sound pressure (Popper, et al., 2014). Studies indicate that elasmobranchs may be most responsive to low 
frequency noise (Myrberg, 2001, as cited in Parnum et al., 2018). In the absence of further information, 
Parnum et al. (2018) suggest that Popper et al.’s (2014) guidelines for fish lacking swim bladders are 
appropriate criteria for sharks as well.  

Noise and hearing-related impacts 

If sounds are sufficiently loud to be detected and fall within their hearing range, the effects on fish may range 
from a minor behavioural change, such as a temporary ‘startle response’, to death (Popper A. N., 2005). 
Between these extremes, possible effects include: significant behavioural changes (such as vacating a 
breeding or feeding site or altering migration routes); masking of biologically relevant sounds (hindering 
detection of predators and prey); changes in physiology, neural function and development; damage to the hair 
cell sensor receptor causing temporary threshold shift (TTS) or permanent threshold shift (PTS); and/or 
damage to non-auditory tissues (Popper A. N., 2005; Dunlap Kolden & Aimone-Martin, 2013; Popper, et al., 
2014).  
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Masking, in which hearing sensitivity is impaired due to a simultaneously occurring sound, may be a critical 
issue if it impairs an animal’s ability to detect and respond to biologically relevant sound. Masking is not 
considered to be of concern for the UTR exercises, given that animals would only be exposed to a few 
detonations per day of training and the masking effects would not extend past the short exposure periods 
(Popper, et al., 2014). 

Death and catastrophic injury can result from very high amplitude sounds (Carlson & Johnson, 2010, as cited 
in Popper et al., 2014), additional to the effects of barotauma from impulsive sounds (Popper, et al., 2014). 
Sensory hair cells and otoliths can be temporarily or permanently damaged by rapid changes in pressure 
and extended exposure to intense sound (McCauley et al., 2003, as cited in Popper, 2005). Damage to the 
octavolateralis system may present as behavioural change, with disruption of orientation, locomotion, and 
predator avoidance (McCauley et al., 2003, as cited in Dunlap Kolden & Aimone-Martin, 2013).  

There is no data available on the effects of detonations on fish hearing or behaviour, however data suggests 
TTS or PTS may occur at high sound levels, particularly in fish where the swim bladder enhances detection 
of sound pressure (Popper, et al., 2014). Unlike mammals, sensory hair cells are constantly added in fish, 
mitigating the effects of sound-induced hair cell death (Popper, et al., 2014). While experiencing TTS, fish 
may have decreased fitness with respect to communication, auditory scene analysis and predator detection 
(Caltrans, 2009; Popper, et al., 2014).   

Popper et al.’s (2014) sound threshold guidelines for fish are based on Hubbs and Rechnitzer’s (1952) 
paper, as it represents the lowest amplitudes (peak pressures) resulting in mortality. Hubbs and Rechnitzer 
(1952) found that lethal threshold peak pressures ranged from 40 to 70 psi. This is the equivalent of 276 to 
482 kPa (Popper, et al., 2014). A peak pressure of 276 kPa would occur at a distance from detonation of 
approximately 91 m at Swanbourne and 197 m at Lancelin, while a peak pressure of 482 kPa would occur at 
approximately 56 m at Swanbourne and 120 m at Lancelin (Table 4-24) (Appendix B). Other guidelines 
related to peak pressure include Canadian guidelines which state that an overpressure greater than 100 kPa 
may cause injury to the swim bladder, kidney, liver, spleen and heart (Wright & Hopky, cited in Popper et al., 
2014). A peak pressure of 100 kPa would occur at a distance from detonation of approximately 225 m at 
Swanbourne and 484 m at Lancelin (Table 4-24)                              

Table 4-24.  Predicted injury ranges for fish at Swanbourne and Lancelin (peak pressures estimations based on 
Soloway and Dahl (2014)). 

Impact Threshold Source of 
guideline 

Swanbourne  
Charge weight 0.685 kg1  

Lancelin  
Charge weight 6.85 kg1  

Mortality (and 
potentially mortal 
injury) 

276 kPa peak 
pressure – to – 

Hubbs and 
Rechnitzer (1952) 

91 197 

482 kPa 56 120 

Injury to the swim 
bladder, kidney, liver, 
spleen and heart  

100 kPa peak 
pressure 

Wright & Hopky, 
cited in Popper et 
al., 2014 

225 484 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 
equivalent to RDX based charges with the highest equivalent demolition power of the proposed charges.  

 

The threshold of 40 psi has been suggested by multiple authors as a conservative threshold to estimate fish 
mortality (Baker K. , 2008). NFMS considered the 40 psi threshold too high to avoid mortality and serious 
injury in smaller species and vulnerable life stages (juveniles, eggs), but an overestimation of ranges for 
larger fish (Baker K. , 2008).  

Behavioural impacts 

There is little information on the behavioural effects of wild fish in response to detonations (Popper, et al., 
2014). Effects are likely to vary according on the species and individual hearing sensitivity, the current 
activity engaged in, and the context of the sound (Hawkins & Popper, 2017, as cited in Parnum et al., 2018). 
Behavioural responses include: startling, increased swimming behaviour, changes in orientation and depth, 
altered schooling patterns and distribution, avoidance behaviour, and seeking refuge amongst benthic 
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habitat (Parnum, Colman, & Lucke, 2018; Popper, et al., 2014; Webster, Wise, Fletcher, & Kemps, 2018) 
(Table 4-23). The presence of a swim bladder is likely to increase the frequency range and distance at which 
noises can be detected, thus increasing the potential influence (Popper, et al., 2014) . 

Single, loud pulses may only have a temporary impact on behaviour (Continental Shelf Associates, Inc., 
2004). A startle response (if the signal is of sufficient magnitude) would last less than a second and would 
not necessarily induce any significant behavioural change (Popper, et al., 2014). Multiple observations 
suggest that detonation charges are not an effective deterrent in driving fish away or preventing them from 
feeding (Hubbs & Rechnitzer, 1952; Lewis, 1996). Coker and Hollis (1950, cited in Lewis, 1996) observed 
that the species composition appeared the same following detonations (i.e. particular species were not 
frightened from the area), however observations from Fitch and Young (1948, cited in Lewis, 1996) suggest 
that species composition the following day may reflect that some species have been attracted to the area to 
feed on killed and injured fish. It is possible that some species of fish would move away from a sound source 
(Caltrans, 2009), and temporary avoidance of an area may result in temporary and localised changes in 
distribution (Parnum, Colman, & Lucke, 2018). The Department of Fisheries (2013) note that behavioural 
changes such as avoidance, dispersal and altered feeding patterns can reduce the availability of 
commercially-valuable or recreationally-iconic species. 

In considering guideline criteria for behavioural alterations, Popper et al. (2014) referenced thresholds at 
which substantial behavioural change occurs in a large proportion of the animals. These include long-term 
alterations in behaviour and distribution, avoidance of preferred feeding and reproduction areas and altered 
migration. Behavioural change at the individual level and minor movements or startle responses are not 
considered significant in this context.  

Population-level and long-term effects 

The death of an individual fish may rate some importance if it is a protected species, however short-term 
impacts (e.g. brief startle response, altered swim direction) on individuals and schools are less important than 
long-term population and ecosystem effects (Popper, et al., 2014). Sound exposure can have population 
effects if it impairs reproduction or feeding, alters migration, reduces growth, impairs hearing, or causes 
sublethal injury resulting in reduced survival (Continental Shelf Associates, Inc., 2004; Popper, et al., 2014). 
Such effects may range from temporary to several weeks if a population is displaced from an area (Popper, et 
al., 2014). Potential long-term population-level impacts include reduction in spawning or recruitment success 
which can reduce yield (and spawning stock) in subsequent years and reduce diversity (Continental Shelf 
Associates, Inc., 2004; Department of Fisheries, 2013).  

Cumulative impacts 
Underwater detonations do not appear to affect the ongoing use or community composition of an area, and 
open-waters have a highly variable fish presence and with fish migrating and passing through (Teal 
Solutions, 2017). Hubbs and Rechnitzer (1952) observed that while repeated blasting can depopulate an 
area, repopulation can occur within a few months. Cumulative impacts on catchability (i.e. reduced catch) 
and mortality are the cumulative effects of all physical and behavioural impacts relating to species direct and 
indirect mortality, changes in reproductive capacity, migration out of the area and collapse of aggregations 
(Webster, Wise, Fletcher, & Kemps, 2018). 

Marine mammals 
Blast damage in marine mammals has been investigated using submerged terrestrial animals (e.g. Yelverton 
et al. (1973), Richmond et al. (1973, as cited in Keevin & Hempen, 1997), cadavers (e.g. Ketten, 2000, as 
cited in Baker, 2008) and opportunistic post-mortem examination of mammals stranded following detonations 
(Continental Shelf Associates, Inc., 2004; Ketten, 1995). The vulnerability of marine mammals has been 
inferred from these studies, with regard to their adaptations for pressure changes during diving and thicker 
body wall which are thought to make marine mammals less sensitive to underwater detonation than 
terrestrial mammals (Hill, 1978).  

Exposure to sound can have a myriad of impacts upon marine mammals. At low levels, it may be barely 
detectable or hinder auditory scene analysis and communication, alter animal behaviour and cause stress 
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responses (Erbe, 2011). Stress responses may also be an indirect impact of sound exposure (e.g. stress 
response to TTS). At higher levels, sound can cause TTS or PTS, concussion, affect the vestibular, nervous 
and reproductive systems, and cause various barotraumas (Erbe, 2011).  

Direct mortality and injury 
At close ranges, mortality and catastrophic injury may result from damage to the gas-containing organs, 
primarily the lungs and gastrointestinal tract. The main cause of immediate death is suffocation due to lung 
haemorrhage or air emboli resulting in cardiac arrest or stroke (Hill, 1978). Delayed death is usually a result 
of complications such as broncho-pneumonia or peritonitis from gastrointestinal wall perforation (Hill, 1978). 

Young (1991) developed the “safe range” equations for a detonation at depth of 200 ft, based on the work of 
Goertner (1982): 

Dolphin calf: R = 578 WE0.28 

Adult dolphin: R = 434 WE0.28 

20 ft whale: R = 327 WE0.28 

where:  

R = Range in feet;  

WE = Weight of Detonation in pounds 

Using the most vulnerable of these, a dolphin calf, provides a safe range of 198 m for the 0.5 kg charge at 
Swanbourne and 377 m for the 5 kg charge at Lancelin (Table 4-25). These numbers are considered 
conservative by Baker (2008) in providing a “safe range”. 

Table 4-25: No injury range for mammals at Swanbourne and Lancelin, using Young's (1991) equations. 

Species No injury range (m) 

Swanbourne 
0.685 kg charge1 

Lancelin 
6.85 kg charge1 

Dolphin calf 197.7 376.76 

Adult dolphin 148.5 282.9 

20 ft whale 111.9 213.2 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 
equivalent to RDX-based charges with the highest equivalent demolition power of the proposed charges.  

Sub-lethal and indirect impacts 
Yelverton et al.’s (1973) studies of submerged terrestrial animals at depths up to 3 m found that immersion-
blast injures were largely confined to the lungs and gastrointestinal tract. At shorter ranges there were 
incidences of eardrum rupture (see section below), lung haemorrhage and contusions through the 
gastrointestinal tract. More recent works show that the general predictor of large animals being less 
vulnerable to underwater detonations holds true for marine mammals. 

In addition to lung and gastrointestinal injury, damage may include haemorrhage at the blubber-muscle 
interface, liver and spleen rupture, and bruising to kidneys (Reidenberg & Laitman, 2003, as cited in 
Continental Shelf Associates, Inc., 2004).  

With increasing distance, effects of the detonation decrease but impacts in the form of hearing loss and 
behavioural changes may still occur (Baker K. , 2008). These, and sublethal impacts associated with 
hearing, are discussed in the section below. 
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Mammal hearing and auditory trauma 

Mammal ears are the organ most sensitive to pressure-related injury (Ketten, 2000, as cited in Continental 
Shelf Associates, Inc., 2004). Marine mammals evolved from terrestrial mammals and while they retain most 
of the structure and mechanisms of mammalian hearing (e.g. air-filled middle ear and spiral-shaped 
cochlea), they do have some adaptations related to pressure, hydrodynamics and sound receiving in water 
(Ketten, 1995; Southall, et al., 2007). Such adaptations may minimise barotrauma but do not appear to offer 
any immunity from blast trauma (Ketten, 1995).  

There are three general parts in a mammal ear (Continental Shelf Associates, Inc., 2004; Ketten, 1995): 

◼ External/outer ear which captures sound. In marine mammals, the outer ear ranges from functionally 
absent (e.g. cetaceans) to essentially terrestrial (e.g. “eared” seals such as sea lions and fur seals) 

◼ Middle ear which filters and amplifies sound. The air-filled middle ear contains the tympanic membrane 
(eardrum or tympanum) and auditory ossicle bones. The eardrum receives sound vibrations from the 
outer ear and transmits them to the auditory ossicles. 

◼ Inner ear which converts sound into neural impulses. The inner ear contains the spiralled cochlea. Within 
the cochlea is the basilar membrane, a stiff structural membrane, and sensory hair cells. The shape, 
stiffness and thickness of the basilar membrane determines an animal’s hearing sensitivity. Movement of 
the basilar membrane in response to pressure waves deflects the hair cells which are deflected which 
then transmit the sound to the auditory nerves.  

Ketten (1995) categorised hearing-related blast injury based on symptom severity: 

◼ Mild: recoverable. Impacts include pain, vertigo, tinnitus, hearing loss, and tympanic tears 

◼ Moderate: partial hearing loss. Impacts include tympanic membrane haematoma or rupture, and serum 
or blood in the middle ear. A ruptured eardrum could result in a fatal secondary infection (Hill, 1978). 

◼ Severe: PTS or death. Impacts include ossicular fracture/dislocation, inner ear damage and window 
membrane rupture, and cerebral spinal fluid leakage into middle ear. Inner ear damage from detonation 
pressure changes frequently coincides with eardrum rupture and fractures of the middle ear bones. 
Eardrum rupture is not synonymous with PTS but is strongly correlated with distance from a detonation 
and the incidence of PTS. PTS may also occur from damage to hair cells from a single loud event, 
prolonged exposure to loud noise, or chronic noise exposure. PTS from massive inner ear trauma 
severely compromises a marine mammal’s survival. 

There are generalisations which can be made regarding the sensitivity of different groups of marine 
mammals, and this forms the basis for sound exposure criteria. Cetacean hearing is broadly classified as 
lower-frequency hearing for the suborder Mysticetes (baleen whales) and higher-frequency for the suborder 
Odontoceti (toothed whales) (Baker K. , 2008). The odontocete inner ear is primarily adapted for 
echolocation, with exceptional frequency discrimination abilities but comparatively poor perception of lower 
frequencies sounds; whereas Mysticete ears are adapted to the other end of the spectrum and are 
exceptional for low frequencies but hear high frequency sounds poorly (Ketten, 1995). The hearing sensitivity 
of different taxa can be inferred by combining existing audiogram information with comparative anatomy and 
response modelling (Erbe, 2011; Southall, et al., 2007). For example, animals are expected to be very 
sensitive at the frequency of their own calls (Erbe, 2011). Species hearing ranges are fixed by basic 
anatomy, however individual sensitivity is influenced by the health and integrity of the ear (Ketten, 1995). 

A major complication in comparing TTS to PTS is that they are not graduations of the same damage 
mechanisms (Ketten, 1995). For example, sharper rise-times and longer duration of peak pressure are 
significant factors for PTS (Ketten, 1995). Noise exposure criteria derived by Southall et al. (2019) have used 
metrics which allow for the duration of a sound to be factored in.  

Estimates of potential sound-related impact ranges for the UTRs have not been calculated for mammals, 
given the difficulty in estimating received sound level when the characteristics of sound can change 
dramatically with propagation through the water and substrate, especially in shallow waters and over long 
distances when soundwaves and echoes combine to form a more continuous noise (see Appendix B). 
Estimations of shockwave “safe range” distances are considered appropriate for informing fauna 
management zones for mammals (Appendix B). 
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Noise is primarily a consideration for cetaceans, with anecdotal observations of whales responding to sounds 
which neared the threshold of audibility (see below). It is noted that while sound associated with underwater 
detonations has the potential for injury (e.g. TTS/PTS) at greater distances than those calculated for 
shockwave pressures (Table 4-25), there are no very high frequency cetaceans occurring within 10 km of the 
Proposal (Appendix D) which reduces the distance of potential noise-related impacts. The Humpback Whale 
is seasonally present in nearshore waters (<10 km) during the southbound migration (Table 5 16) and the 
Proposal will avoid impacts to Humpback Whales by conducting training outside of the peak southbound 
migration (i.e. September to November).  

Adult Australian Sea-Lions may forage in the vicinity of the Proposal, but have a lower hearing sensitivity 
than cetaceans and the small charge sizes and low frequency of training exercises are not expected to pose 
a significant impact. 

Behavioural impacts upon mammals 

The reaction (if any) in response to sound may depend on the species, age, experience (i.e. habituation or 
sensitisation), current activity, reproductive status, auditory sensitivity, time of day, weather, and a host of 
other factors (Continental Shelf Associates, Inc., 2004; Erbe, 2011). Behavioural responses to sound range 
from subtle responses which are difficult to detect and have few implications, through to avoidance and panic 
reactions (Parnum, Colman, & Lucke, 2018). Measured behavioural responses in marine mammals include 
changes in swimming direction and speed, diving and surfacing duration and interval, respiration, and 
contextual behaviours (Erbe, Effects of underwater noise on marine mammals, 2011). 

Behavioural responses in mammals have been seen at ranges nearing the threshold of audibility (Erbe, 
2011). Responses may occur at great distances from the source, for example: ‘‘startle” reactions in sperm 
whales at 2 km from a seismic survey (Stone, 2003, as cited in Wright et al., 2011); behavioural responses in 
sperm whales to seismic sound at a distance of 20 km (Madsen et al., 2002, as cited in Continental Shelf 
Associates, Inc., 2004); and behavioural responses in narwhals and belugas up to 70 km from ice-breaking 
ships (Erbe, 2011).  

Avoidance responses have been well documented. For example, cetacean diversity along the Brazil coast 
dropped between 1994 to 2004 while seismic surveys were being conducted, with a conspicuous decrease 
in 2000–2001 corresponding to a greater number of seismic surveys (Parente et al., 2007, as cited in Wright, 
2011). Similarly, a study in 2010 regarding the behavioural response of Indo-Pacific bottlenose dolphins 
(Tursiops aduncus) in the vicinity of pile-driving associated with construction in the vicinity of Fremantle 
Harbour found that there were significantly more dolphin transit events when no pile-driving activity was 
occurring (Paiva et al., 2015, as cited in Parnum et al., 2018). 

A response may not be significant at an individual, population, or species-level (Continental Shelf 
Associates, Inc., 2004). Mysticetes have been shown to modify their direction of travel and calling behaviour 
in response to the low-frequency sound pulses of seismic airguns (McCauley et al., 2000, and Green et al., 
1999, both as cited in Continental Shelf Associates, Inc., 2004). In the case of altered migration pathways, 
the change may be of little consequence if the route is varied to avoid a noise but is still within the natural 
migration corridor (Continental Shelf Associates, Inc., 2004). However, if a noise displaces marine mammals 
from a BIA for an extended time period, the impacts may be significant (Continental Shelf Associates, Inc., 
2004). 

Southall et al. (2007) note that startle responses, and even strong behavioural responses, are unlikely to last 
long enough to comprise a significant disturbance or have long-term consequences. The exception to this is 
responses that may result in injury or death (Southall, et al., 2007). For example, a stress or startle response 
causing a diving mammal to surface too rapidly would account for the decompression sickness-like lesions 
(i.e. where dissolved gases (mostly nitrogen) have come rapidly out of solution) seen in beaked whales 
(deep-diving cetaceans) which have been found stranded coincident with naval exercises (Wright, Deak, & 
Parsons, 2011). Wright (Size matters: management of stress responses and chronic stress in beaked whales 
and other marine mammals may require larger exclusion zones, 2011) considered that activities producing 
sound with high rise-times or high sound levels should be heavily restricted in deeper waters where the 
acoustic signal may overlap with areas where deep-diving species such as beaked-whales are likely to be 
present. 
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The use of “seal bombs” and other sharp pulse sound deterrents demonstrate how some marine mammals 
will tolerate the noise of underwater detonations (Mate & Harvey, cited in Keevin & Hempen 1987). Seal 
bombs have been used to deter seals, sea lions and other mammals from feeding on fish, and while the 
initial exposure to such sounds will startle animals and potentially motivate them to vacate an area, the 
general consensus is that the animals learn the noises are not harmful and will tolerate intense sound to 
access food (habituation) (Mate & Harvey, 1987, as cited in Keevin & Hempen 1987). Similar observations 
have been made with dynamite used to keep killer whales away from longlines and various detonation 
charges used to deter dolphins and porpoises from fishing gear (Jefferson & Curry, 1994, as cited in 
Continental Shelf Associates, Inc., 2004). Odontocetes may even be attracted to the fish killed by such 
detonations (Continental Shelf Associates, Inc., 2004).  

Hearing-related impacts may potentially occur without evidence of a behavioural response. Numerous 
accounts of Gray Whales and Humpback Whales being seemingly unaffected by detonation noise 
(Continental Shelf Associates, Inc., 2004) are offset by mentions of such whales being considered close 
enough to the detonation to suffer hearing damage and barotrauma (Ketten, 1995) and other mammals (e.g. 
sea lions) being killed (Fitch and Young, 1948, cited in Keevin & Hempen, 1997).  

Cumulative effects 
The most significant impacts to populations are likely to be due to behavioural responses rather than direct 
physical injury or mortality (Ellison et al., 2012, and Dahl et al., 2015, both as cited in Parnum, et al., 2018). 
Frequently occurring and repeat blasts may result in behavioural changes or TTS which affects biologically 
important behaviours (Baker K. , 2008). Furthermore, behavioural responses may change with continued 
exposure if animals become habituated or sensitised to the noise of underwater detonations (Parnum, 
Colman, & Lucke, 2018).  

The biological significance of acoustic impacts are poorly understood, however it is plausible that the 
population may be affected if critical behaviours (such as mating, nursing, feeding) are repeatedly disrupted, 
if they are displaced from BIA, or if a raise in background noise causes chronic stress (Continental Shelf 
Associates, Inc., 2004; Erbe, 2011). Consequently, the timing and location of underwater training exercises 
would exert some influence over the cumulative effects. For example, the training exercises would not be 
undertaken over September to November, thus avoiding impacts to Humpback Whales and their calves 
during the nearshore, (< 10 km) southbound migration. 

Prolonged stress can result in serious health problems, and noise impacts should ideally be considered in 
context with other environmental stressors (Erbe, 2011). An already stressed animal (e.g. pollution, prey 
depletion, ship strikes, habitat degradation) might have a lower capacity to cope with noise, and vice versa, 
an animal suffering from repeated or severe noise exposure might not cope with additional non-acoustic 
stressors (Erbe, 2011). 

While it is possible to model cumulative sound exposure from multiple sources over large areas and long 
duration (Erbe & King, 2009, as cited in Erbe, 2011), it is unknown what exposure a mobile and responsive 
animal might receive (Erbe, 2011). Additionally, there is no information on the chronic effects of sound 
exposure in marine mammals (Erbe, 2011) and no noise exposure criteria to evaluate the auditory effects of 
chronic exposure over prolonged periods (Southall, et al., 2019). 

Turtles 
Information regarding the impacts of underwater detonations on marine turtles is limited to a handful of 
observations and experiments (Continental Shelf Associates, Inc., 2004). Preliminary studies from Ketten et 
al. (2005, as cited in Popper et al., 2014) using fresh turtle cadavers suggest that turtles are highly resistant 
to detonations, however injury and death of marine turtles has been observed during detonation platform 
removals (Klima, Gitschlag, & Renaud, 1988). It is generally considered that impacts on marine turtles may 
result from tissue disruption at air-fluid interfaces and the effects of rapid pressure changes on gas-
containing organs and cavities (such as the lungs, auditory system, and intestinal tract), and so the effects 
on turtles can be inferred from the effects on other marine vertebrates with gas-filled organs (lungs, swim 
bladders) (Continental Shelf Associates, Inc., 2004; Popper, et al., 2014).  



 

Project number EST04718  File EST04718_EPA Referral_Rev0.docx, 2020-04-06  Revision 0   113 

As for other marine vertebrates, the severity of impacts is a result of factors such as: size, type and depth of 
the detonation; depth of the water column; size and depth of the turtle; and distance from the turtle to the 
detonation (Department of the Navy, 2001, as cited in Continental Shelf Associates, Inc., 2004). Even then, 
impacts can be highly variable as evidenced by Klima et al.’s (1988) study involving detonation platform 
removal with four 23 kg charges of nitromethane inside a platform piling, 5 m below the mudline. At a 3,000 ft 
[915 m] distance, a 1.5 kg turtle appeared unharmed, but a 6.8 kg turtle was unconscious, with vasodilation 
around the throat and flippers lasting 2-3 weeks (Klima, Gitschlag, & Renaud, 1988). 

Continental Shelf Associates, Inc. (2004) divided the potential impacts to marine turtles into three categories: 
lethal injuries; non-lethal injuries; and non-injurious effects. 

Direct Mortality and injury 

Lethal injuries  

Lethal injuries from the detonation shockwave include concussive brain damage, fractures, haemorrhage 
(including combined trauma to the lungs and gastrointestinal tract) and massive inner ear trauma (Ketten, 
1995, as cited in Continental Shelf Associates, Inc., 2004). The Department of the Navy (2001, as cited in 
Continental Shelf Associates, Inc., 2004) considers the onset of extensive lung haemorrhage to be a 
conservative criterion for the onset of mortality in marine turtles, regardless of size.  

Sub-lethal and indirect impacts 

Non-lethal injuries 

Non-lethal injuries are non-debilitating injuries from which a marine turtle would be expected to recover on its 
own (Department of the Navy, 2001, as cited in Continental Shelf Associates, Inc., 2004) and include slight 
haemorrhage and bruising to the lungs and gastrointestinal tract and “minor” injuries to the auditory system 
(Continental Shelf Associates, Inc., 2004).  

Turtles which recovered following exposure to detonation platform removal exhibited loss of consciousness, 
cloacal lining eversion, and vasodilation persisting for two to three weeks (Klima, Gitschlag, & Renaud, 
1988). Klima et al. (1988) revived unconscious turtles through handling, but commented that under real-world 
conditions an unconscious turtle is more vulnerable to predation and, although resting turtles are known to 
remain submerged for several hours, the effect of submergence on unconscious turtles is unknown. Baker 
(2008) considers that turtles which have knocked unconscious would drown if they failed to recover in time. It 
should be noted that while these injuries are considered non-lethal, they may have delayed complications 
which are ultimately fatal (Continental Shelf Associates, Inc., 2004). There have been anecdotal reports of 
deaths and strandings following structure removal detonations (Continental Shelf Associates, Inc., 2004), 

Popper et al. (2014) note that while nothing is known about TTS in turtles, it is expected that there are 
circumstances under which TTS could occur. Ketten (1995, as cited in Continental Shelf Associates, Inc., 
2004) suggests that considers that non-life-threatening TTS would occur with rupture of the tympanum.  

Non-injurious impacts 

Very little is known about turtle hearing or the role sound plays, and this has been inferred from animals 
(Popper, et al., 2014). Marine turtles have a typical reptilian ear, with a few underwater modifications that 
suggest, in the absence of more extensive turtle hearing data, that fish hearing is a better approximate model 
than mammals for marine turtle hearing (Popper, et al., 2014).  

Marine turtles are considered to be hearing generalists with limited hearing at lower frequencies (Baker K. , 
2008). Available data suggests marine turtles are sensitive to frequencies from 100 to 2,000 Hz, with 
greatest sensitivity below 1,000 Hz (Baker K. , 2008). Continental Shelf Associates, Inc. (2004) considered it 
reasonable to assume that marine turtles are sensitive to sounds produced by underwater detonations, with 
the air-filled middle ear (tympanic cavity) sensitive to the associated pressure effects. As such, detonations 
of low intensity, or close enough to be detected without injury, could cause temporary disorientation, physical 
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discomfort, and/or acoustic annoyance, potentially with disorientation or a startle response (Continental Shelf 
Associates, Inc., 2004).  

There have been no observations of behavioural change in turtles in relation to detonations (Parnum, 
Colman, & Lucke, 2018), however responses to seismic sound and “annoyance” have been recorded. 
Attempts to monitor sea turtle avoidance to seismic activity and air guns resulted in fewer observations of 
turtles while air guns were firing, but the actual source of the annoyance was inconclusive (Weir, 2007, as 
cited in Popper et al. 2014). Research by McCauley et al. (2000) suggests that turtles may begin to show 
behavioural responses (e.g. increased swimming activity) to an approaching air gun array. As a general 
guide for seismic vessels in water depths of 100-120 m, this would correspond to behavioural change at 
around 2 km and avoidance at 1 km (depending on the source environmental conditions) (McCauley, et al., 
2000). Behavioural responses to noise may be important if they impact upon BIAs (foraging areas, nesting 
beaches, juvenile turtle habitat) (Baker K. , 2008). 

Estimation of safe range 
No prediction models have been developed specifically for marine turtles (Continental Shelf Associates, Inc., 
2004). Young (1991) arrived at a cube-root scaling equation of R = 560 WE1/3 (Figure 4-3) using the Gulf of 
Mexico oil platform criteria established by NMFS, which appears based on the observations of Klima et al. 
(1988) (Continental Shelf Associates, Inc., 2004). Young’s version is considered by NMFS to be very 
conservative in avoiding serious injury (Baker K. , 2008).  

 

Figure 4-3.  Predicted safe ranges for marine turtles and mammals (Young, 1991).  
Figure shows that the ‘safe’ or ‘no injury’ range for turtles may be modelled using R = 560 WE1/3, where R is 
the safe distance (in feet) and WE is the charge weight (in pounds) (metric equivalent is R = 222 WE1/3, 
where R is in metres and WE is in kilograms). 

Using Young’s (1991) equation, ‘no injury’ is predicted for marine turtles beyond 196 m for the 0.5 kg charge 
at Swanbourne or beyond 422 m for the 5 kg charge at Lancelin (Table 4-26).  

Table 4-26: No injury range for turtles at Swanbourne and Lancelin, using Young's (1991) equations. 

Species No injury range (m) 

Swanbourne: 0.685 kg (1.5 lb) charge1 Lancelin: 6.85 kg (15.1 lb) charge1 

Turtle 196.8 421.9 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 
equivalent to RDX based charges with the highest equivalent demolition power of the proposed charges.  
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Birds 
Literature is light on the impacts of underwater detonations on seabirds, with one study which used ducks to 
determine the far-field effects of underwater detonations on birds (Yelverton, Richmond, Fletcher, & Jones, 
1973) and observations from Reiter (1981, as cited in Continental Shelf Associates, 2004) of birds killed by 
concussion following a 454 kg underwater detonation. Unsurprisingly, there is also a lack of information on 
sub-lethal and cumulative effects.  

This section summarises the potential direct mortality and injury impacts if birds are present (on the water or 
diving) during the UTR exercises. Bird species which may be directly impacted are those which forage over 
open water and dive for food. Management measures will focus on ensuring birds are not in the area, so the 
likelihood of losses or injuries are limited. 

Direct impacts 
The potential impacts upon marine birds was investigated by Yelverton et al. (1973), who tested ducks on 
the water surface and at 2 ft depths to represent the impacts upon birds on the surface and birds diving 
beneath the surface. Ducks on the water surface tolerated higher charge weights, which was attributed to the 
lungs being above the water line. 

All diving ducks that were killed exhibited pulmonary haemorrhage and ruptured livers and kidneys, with over 
half also having ruptured air sacs and ear drums, and some suffering coronary air embolism. Outside of this 
lethal zone, the most common severe injuries were extensive lung haemorrhages and liver and kidney 
damage. Birds on the surface exhibited a similar pattern of injury, aside from an absence of kidney damage. 
Birds that survived blasts in the lethal zone appeared normal at 14 days post-blast; all had intact air sacs and 
eardrums, and most had small blood clots in the livers and scattered areas of lung discolouration.  

Based on Yelverton et al.’s (1973) study, there would be no expected fatalities for birds on the surface 
beyond 5 m for a 3.6 kg charge, and no mortal injury for diving ducks beyond 25 m for a 0.45 kg charge. 
These distances are small enough that, with an appropriate margin to accommodate the larger charge sizes 
at Lancelin, avoidance of bird interactions is considered readily achievable with Defence fauna management 
protocols. 

Indirect impacts  
In the absence of studies specific to birds, indirect impacts may include recoverable injury resulting in 
reduced fitness and potentially leading to mortality. 

Birds may be startled from the area; however, birds are also known to opportunistically predate upon blast-
injured fish (Teleki & Chamberlain, 1978, as cited in Dunlap Kolden & Aimone-Martin, 2013) and may be 
attracted to the UTR area during exercises as a result. 

Summary of estimated impact and safe distances 
In summary, the potential for any negative impacts on marine fauna can be minimised by meeting the 
benthic habitat siting criteria (i.e. bare sand or sparse vegetation (<25% vegetative cover)) which is 
anticipated to minimise fauna (including fish) present during training exercises, and using existing Best 
Management Practices including measures identified to prevent serious harm to marine fauna. Table 4-27 
provides a summary of the impact and safe distances that have been estimated for the proposed charges at 
Swanbourne and Lancelin. The values are conservative estimates, using a maximum charge weight of 0.5 kg 
at Swanbourne and 5 kg at Lancelin, weighted with a REF of 1.37 to give TNT-equivalent charge weights of 
0.685 kg and 6.85 kg respectively. 

Table 4-27.  Summary of estimated impact and safe distances for marine fauna (from Appendix B) 
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Type of 
impact 

Metric and 
criterion 

Applies to Range (m) Supporting 
literature 

Notes 

Sw
an

bo
ur

ne
 

La
nc

el
in

 

Fish 

90% 
Survivability 
radius 

NA. Cube-
scaling 
method. 

Fish without 
swimbladder 

1.2 2.5 Young (1991) Cube-scaling method based on 
complex physical-biological 
computer models. 

Mortality 
(and 
potentially 
mortal injury) 
threshold 

40 psi 
(276 kPa) 
(peak 
pressure) 

All fish, no size 
discrimination 

91 197 Baker (2008); 
Hubbs and 
Rechnitzer 
(1952); Popper 
et al., (2014) 

Values reflect the guidelines for 
fish based upon a single 
detonation from dynamite (or 
similarly small charge). 

90% 
Survivability 
radius 

NA. 
Swimbladder 
oscillation 
method. 

Fish with 
swimbladder 
(1 g fish) 

148 281 Young (1991) Swimbladder oscillation method. 
For other fish sizes refer to Table 
4-22. 

Potential 
injury to the 
swim 
bladder, 
kidney, liver, 
spleen and 
heart 

100 kPa 
peak 
pressure 

All fish, no size 
discrimination 

225 484 Wright & 
Hopky (cited in 
Popper et al., 
2014) 

Values reflect Canadian 
guidelines. 

Marine mammals 

No injury 
radius (m) 

NA. Cube-
scaling 
method. 

 

Dolphin calf 198 377 Young (1991) Cube-scaling method based on 
complex physical-biological 
computer models. Values reflect 
the estimate based on most 
sensitive fauna group in the 
literature (dolphin calf). For less 
sensitive groups refer to Table 
4-25. 

Turtles 

No injury 
radius (m) 

NA. Cube-
scaling 
method. 

 

Turtle 196 422 Young (1991) Cube-scaling method (as a 
satisfactory biological model has 
not been developed). Considered 
very conservative in avoiding 
serious injury (Baker, 2008). 

Birds 

No appropriate metrics or safe distance calculations have been found for birds. They are expected to have any 
impacts mitigated through fauna observation protocols during training exercises. 

 

The proposed safe distances allow for the definition of management boundaries to exclude large fauna. Fish 
with swim bladders, especially smaller fish, will suffer some level of mortality and injury at both training sites. 
Impacts on invertebrates and fish without swim bladders would represent much reduced risk for mortality 
and/or injury.  
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4.4.6 Mitigation 
Defence has applied the mitigation hierarchy (avoid, minimise, rehabilitate) to the Proposal to protect Marine 
Fauna so that biological diversity and ecological integrity are maintained, as outlined in Table 4-28. No 
rehabilitation measures were identified as necessary. 

Table 4-28.  Summary of potential impacts and mitigation hierarchy for Marine Fauna.  

Impact Avoid Minimise Management 

Mortality and 
injury of marine 
fauna 
(noise/vibration) 

Daily timing of training 
exercises: training to be 
conducted under daylight 
conditions (to assist with 
visual mitigation 
measures). No sooner than 
1 hr after sunrise and no 
later than 1 hr prior to 
sunset. This also avoids 
impact to WRL (nocturnal 
forager). 

Seasonal timing of 
training exercises: where 
practicable, training 
exercises would be 
undertaken outside of the 
peak Humpback Whale 
annual southbound 
migration period (i.e. 
outside of September to 
November). 

 

Marine fauna safe zone monitoring: 
Fauna movements prior to and during 
training will be monitored in 
accordance with existing Defence 
marine fauna observation protocols, 
which include the use of spotters 
trained in marine fauna observation. 

The charge is not to be detonated 
unless the area is deemed clear of 
large marine fauna and birds to the 
designated distances. Boats, aircraft 
or scare charges are not to be used to 
move marine fauna out of the area.  

Placement of charges in the water 
column: detonations would occur at 
least 1 m above the seafloor. 

Size of charges: The proposed 
charge weights have been selected to 
achieve training objectives while also 
minimising potential impacts to the 
receiving environment. While the 
allowance at Swanbourne is for 
charges up to 500 g, charges will be 
more commonly in the range of 100-
250 g. Training at Lancelin would use 
charges up to 5 kg. 

Siting of Training Footprints: 
Avoiding impacts on BCH by siting 
training footprints over areas of 
unconsolidated sediment with less 
than 25% vegetative cover (refer to 
Section 4.2.6) is anticipated to 
minimise fauna (including fish) present 
during training exercises. 

The Training Footprint would be 
located as far away as practicable 
from any nearby seagrass meadows 
or limestone reefs (at least 25 m at 
Swanbourne and 50 m at Lancelin). In 
seasons where areas meeting this 
siting criteria cannot be located at 
Swanbourne, all training will be held at 
Lancelin. 

The flexibility to adjust the location of 
the Training Footprint enables 
Defence to reduce the frequency with 
which areas are used for military 
training, thus minimising cumulative 
impacts. 

Effectiveness would be 
monitored with 
photographs pre- and 
post-training for the first 
two years. 

Defence will undertake 
annual reporting on UTR 
operations. 

Fauna movements prior 
to and during training will 
be monitored in 
accordance with existing 
Defence marine fauna 
observation protocols. 

Report any observations 
of injury/disturbance of 
any large marine fauna 
or birds by signal to 
AUSFLTSAFETY (SIC 
12C/ELS), and detail 
date/time, location, 
nature of incident, 
avoidance action taken, 
species/type of animal, 
and observed 
response/injuries. 

Changes in 
marine fauna 
behaviour/hearing 
damage (noise) 

Stressor effects 
on marine fauna 
(noise/vibration) 
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Impact Avoid Minimise Management 

Post-training clean-up: As far as 
practicable, all materials and debris 
(above and below water) from the 
training exercises would be removed 
and disposed of, and any fauna 
casualties collected. 

Reduction in 
marine 
environmental 
quality during 
exercises 

Refer to Section 4.3.6 

 

The size of charges and commensurate safe zones within 500 m of the detonation minimize the potential for 
impacts on larger marine fauna and allow for more effective monitoring and management of relatively small 
zone of impact. Whales, dolphins, seals, sharks, marine turtles and other large marine fauna will be easier to 
spot and prevent charges being detonated while marine fauna are within the potential zone for impact. With 
activities occurring within shallow relatively clear waters, monitoring and ability to identify larger marine fauna 
will be more effective in managing impacts. Equally, large whales are unlikely to come into the shallower 
waters at both sites.  

4.4.7 Predicted outcome 
It is predicted that potential impacts to marine fauna from detonations during training will amount to minor 
temporary disruption of very limited spatial extent and therefore do not pose a substantive risk to marine 
fauna within the Project area. While impacts to fish will be unavoidable, appropriate management would be 
anticipated to minimise loss; and mortalities arising from the Proposal are not considered to be significant at 
the local and regional population levels. given the small charge size, small number of training exercises and 
flexibility of the Training Footprint location. With appropriate management, impacts to larger fish, marine 
mammals, turtles, and birds should be largely avoidable.  

Given the spatial flexibility of training locations and low number of training events over each year, training in 
the Operational Envelope is not expected to contribute to long term cumulative impacts. 

After the application of the mitigation hierarchy (Section 4.4.6), it is considered that the Proposal will meet 
the EPA objective of environmental values of the marine environment. No residual impacts are predicted; 
therefore, no offsets are proposed for this environmental factor. 

Predicted outcomes for fauna groups 

Fish 
Fish typically have a much larger lethal impact zone than other marine fauna. At close range, underwater 
detonations are lethal to almost all fish species, however at greater the presence of a swim bladder 
determines vulnerability to shock. The 90% survivability for a fish without a swimbladder is 1.2 m at 
Swanbourne and 2.5 m at Lancelin, while a 1 g fish with a swimbladder has 90% survivability at 
approximately 148 m at Swanbourne and 281 m at Lancelin. Multiple observations suggest that detonation 
charges are not an effective deterrent in driving fish away or preventing them from feeding. 

Underwater detonations do not appear to affect the ongoing use or community composition of an area, and 
the Proposal is situated in open-waters which have a highly variable fish presence and with fish migrating 
and passing through. Any mortalities arising from the Proposal are not considered significant at the local and 
regional population levels. 
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Turtles 
There have been no observations of behavioural change in turtles in relation to detonations, however 
responses to seismic sound and “annoyance” have been recorded. ‘No injury’ is predicted for marine turtles 
beyond 196 m at Swanbourne or beyond 422 m at Lancelin. 

Birds 
No appropriate metrics or safe distance calculations have been found for birds. Avoidance of bird 
interactions is considered readily achievable with Defence fauna management protocols. 

Mammals 
A conservative safe range for a dolphin calf (the most vulnerable of mammal species potentially occurring in 
the UTR vicinity) is estimated as 198 m for Swanbourne and 377 m for Lancelin.  

Startle responses, and even strong behavioural responses, are unlikely to last long enough to comprise a 
significant disturbance or have long-term consequences. The most significant impacts to populations are 
likely to be due to behavioural responses rather than direct physical injury or mortality. Frequently occurring 
and repeat blasts may result in behavioural changes or TTS, which may have population effects if critical 
behaviours (such as mating, nursing, feeding) are repeatedly disrupted, if they are displaced from BIA, or if a 
raise in background noise causes chronic stress.  

Given the absence of very high frequency cetaceans within 10 km of the Proposal and timing of training 
events to avoid sensitive life stages (i.e. avoidance of the Humpback Whale nearshore (< 10 km) migration 
period (September to November)), it is considered that the small charge sizes and low frequency of training 
exercises do not pose a significant impact to marine mammals. 

Predicted outcome of sublethal impacts on marine fauna 

Hearing impairment 
In general, longer duration sounds are more likely to result in hearing damage than impulsive sounds of the 
same intensity. Damage is reduced with shorter pulses and longer inter-pulse intervals. While detonations 
are an intense impulsive sound, they are short in duration and the proposed training exercises are for 
discrete detonations of small charges. The intermittent occurrence of the exercises and mobility in location of 
the proposed Training Footprint does not constitute prolonged or chronic noise exposure. 

Behavioural changes 
The single, impulsive energy waves of a discrete detonation may cause temporary and startle responses but 
are not expected to result in significant behavioural changes. 

Masking 
Masking, in which hearing sensitivity is impaired to a simultaneously occurring sound, is not considered to be 
of concern for the UTR exercises as fauna would only be exposed to a few detonations per day of training 
and the masking effects would not extend past the short exposure periods. 

Cumulative impacts  
Cumulative impacts are mitigated by varying the location of the Training Footprint within the Operational 
Envelope, which accommodates the variable recovery times of different species and habitats. The spatial 
flexibility, small charge size and low number of events anticipated over each year are not anticipated to 
represent a cumulative contribution to long term effects in the project. 
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5 Other environmental factors or matters 
Defence has identified that the following other environmental factors or matters are of relevance to the 
Proposal: 

◼ Human Health 

◼ Social Surroundings 

Given that that these factors have low-level impacts and/or other regulatory mechanisms and controls (as 
described below), these factors are not expected to require detailed assessment by the EPA. 

5.1 Human Health 
This section describes the potential significant impacts upon human health, how these risks will be managed, 
and the predicted outcome.  

Occupational health and safety (i.e. safety of Defence personnel) is not addressed within this supporting 
referral document as this is comprehensively regulated by other agencies and internal Defence command 
information and safety regulations (Environmental Protection Authority, 2016b). 

For the purposes of EIA, considerations of human health are largely confined to EIA of harmful emissions to 
the air and discharges to soil and water (i.e. impacts to the physical environment) (Environmental Protection 
Authority, 2016b). Consideration of harmful emissions or discharges to the environment have been assessed 
under the factor of Marine Environmental Quality (see Section 4.3), and no potential impacts upon human 
health were identified. Noise levels are typically considered an amenity issue and have been assessed under 
the factor of Social Surroundings (see Section 5.1).  

5.1.1 EPA objective 
To protect human health from significant harm. 

5.1.2 Policy and guidance 

Legislative instruments 
◼ EPBC Act 

EPA policy and guidance 
◼ Statement of Environmental Principles, Factors and Objectives (Environmental Protection Authority, 

2018e). 

◼ Environmental Factor Guideline: Human Health (Environmental Protection Authority, 2016b). 

Other policy and guidance 
◼ Royal Australian Navy Explosive Demolition Manual (Royal Australian Navy, 2009). 

◼ Mariner’s Handbook for Australian Waters (APH20) (Department of Defence, 2019b). 

◼ Military Firing Practice and Exercise Areas (Department of Defence, 2019c). 

5.1.3 Receiving environment 
The Proposed UTRs are within Defence gazetted waters, which have been in use by Defence for at least the 
last 60 years. The LDTA has been used for military training exercises since the 1940s, with activities 
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including ship-to-shore bombardment, demolition practice and amphibious landings (Department of Defence, 
2017c). The Campbell Barracks at Swanbourne was established in 1957 (Department of Defence, 2017a). 
Activities currently carried out at the barracks includes the use of firing ranges, bulk storage and distribution 
of fuel, vehicle maintenance, ammunition storage, and gun cleaning. The beach area in front of the Defence 
areas at Lancelin and Swanbourne are closed to the public during live firing exercises, with sentries posted 
at the north and south of the beach (Teal Solutions, 2017). Beach goers understand that the beach adjacent 
to the Swanbourne barracks is a ‘no go’ when there are live fire activities, denoted by guard towers with red 
flags (WA Free Beaches, 2009). Defence also provide public notice of live-fire activities so that the public is 
informed of when beach access is prohibited (Defence Support Group, 2010). As such, Defence’s presence 
is well-established, there are clear communication pathways and safeguards around public access and use 
of these areas, and the gazetted waters are clearly demarcated in publicly available nautical charts (see 
sections below). 

Outside of live fire activities, Defence cannot prohibit beach access, however Defence does not endorse or 
encourage recreational use of the beach and advises that access and use of the beach is ‘at own risk’ 
(Defence Support Group, 2010). The boundary of the LDTA is the high-water mark, and for practical 
purposes this means that (outside of training exercises), the public may access the beach adjacent to the 
LDTA for recreational use, but may not proceed onto or beyond the sand dunes (Defence Support Group, 
2010). Additionally, the tracks through Defence areas are not to be used for public beach access – beach 
goers must instead access the beach through the north and south ends of the beach (Defence Support 
Group, 2010). Recreational uses of the beach areas (and waters) at Swanbourne and Lancelin include 
boating, swimming, kite-surfing and fishing (see Section 5.2.3).  

The Swanbourne and Lancelin gazetted waters are demarcated (with appropriate cautionary notes) on State 
and Defence nautical charts and additional navigational warning channels and Defence operational 
safeguards are in place (as described below).  

State nautical charts and navigational warnings 
In the interest of safe boating, the Department of Transport publishes nautical charts of the WA coastline, 
which may be accessed and downloaded free of charge from the Department of Transport website 
(Department of Transport, 2018). Each chart references all current Notice to Mariners (NTM) as at the time 
of download. The NTMs provide temporary and ongoing notices regarding navigational warnings, restricted 
waters, and other notices for the marine industry. Navigational warnings are also broadcast on VHF and HF 
radio networks by the WA Water Police, and published as Temporary Notices To Mariners (TNTMs) 
(available via the website (https://www.transport.wa.gov.au/imarine/perth-tntm.asp) and the 
MarineSafety WATwitter feed (https://twitter.com/MarineSafetyWA)). Other agencies that issue Notices to 
Mariners and Navigational Warnings include the Department of Defence Australia Hydrographic office (see 
below). 

The Lancelin LDTA is clearly marked as on the Wedge (Chart 765), Dide Bay (Chart 767) and Lancelin 
(1276) 1:25 000 map series as “NAVAL EXERCISE AREA R146”, with the explanatory note that “Restricted 
Area R146 is a gazetted as a Firing Practice Area for Naval Gunnery. When the area is active, a danger to 
maritime traffic may exist” (Department for Planning and Infrastructure, 2005).  

The Swanbourne area is clearly marked on the Ocean Reef to Cape Peron (1 : 75 000) (Chart 001) as a 
“Military Exercise Area Caution: no transiting when buoys are visible” (Department of Transport, 2010). 

Defence nautical charts and navigational warnings 
Defence publishes the Mariner’s Handbook for Australian Waters (APH20) (Department of Defence, 2019b). 
It is an official nautical publication bringing together regulatory, procedural and environmental information 
required for planning and conducting a voyage within Australian waters, including Marine Protected Areas, 
reporting systems, contact information for responsible agencies and links to further information. All 
commercial vessels operating in Australian waters are expected to carry and refer to the APH20 and update 
it with the latest NTM. Australian NTMs are published fortnightly by the Australian Hydrographic Office and 
are supplied automatically via the eNotices email service or are accessible via the Notices to Mariners 
section of the Defence website. 

https://www.transport.wa.gov.au/imarine/perth-tntm.asp
https://twitter.com/MarineSafetyWA
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Military Firing Practice and Exercise Areas are included within Section 10.10.1 of the APH20, and Defence 
also publishes a fact sheet on Military Firing Practice and Exercise Areas (Department of Defence, 2019c). 
Both documents state that military practice areas are published in the Australian Government Gazette and 
the Designated Airspace Handbook (published on Airservices Australia website). Warnings of firing practices 
are communicated as Notices to Airmen (NOTAM), originated by the Royal Australian Navy (RAN) and the 
Royal Australian Airforce (RAAF) and published by Airservices Australia on their website.  

Defence follows clear range procedures, which means that no firings can be undertaken where a risk exists 
to any vessel in the area (Department of Defence, 2019c; Department of Defence, 2019b). As clear range 
procedures are followed, no broadcast warnings are issued in respect of weapons firing practices in the 
areas depicted in the fact sheet (see Figure 5-1 for Lancelin and Swanbourne areas), however major 
exercises are the subject of special warnings (Department of Defence, 2019c). Vessels approaching 
weapons practice areas are requested to maintain a radio listening watch. Where possible, activities 
affecting areas of surface navigation are issued via Notices to Mariners (NTM); AUSCOAST (coastal areas) 
or NAVAREA X (longer range) radio-navigational warnings (Department of Defence, 2019c).  
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Figure 5-1.  Military firing practice and exercise areas in South-Western Australia, November 2019 to May 2020. 

Not for navigation. (Department of Defence, 2019c, p. 13). 
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5.1.4 Potential impacts 
Potential impacts upon human health relate to the sudden pressure changes and noise associated with an 
underwater detonation (see Section 4.4) and include: 

◼ Barotrauma, potentially resulting in death 

◼ Hearing impairment 

5.1.5 Mitigation 
Defence has applied the mitigation hierarchy (avoid, minimise, rehabilitate) to the Proposal to ensure that 
human health is protected from significant harm as outlined in Table 5-1. No rehabilitation measures were 
identified as necessary. 

Table 5-1. Summary of potential impacts and mitigation hierarchy for human health 

Impact Avoid Minimise Management 

Human 
barotrauma 
(death, 
injury, 
hearing 
impairment) 

Siting of Operational Envelopes: All 
underwater detonation training exercises 
will be conducted within the gazetted 
waters adjacent to the established 
Defence areas at Swanbourne and 
Lancelin. These areas have been used for 
Defence training activities since at least 
the 1950s, and there are well-established 
communication pathways and safeguards 
around commercial and general public 
access and use of these areas, and the 
gazetted waters are clearly demarcated in 
publicly available nautical charts. 

Communication channels: Military Firing 
Practice and Exercise Areas are included 
within Section 10.10.1 of the Mariner’s 
Handbook for Australian Waters 
(Department of Defence, 2019b) and 
Defence also publishes a fact sheet on 
Military Firing Practice and Exercise Areas 
(Department of Defence). Vessels 
approaching weapons practice areas are 
requested to maintain a radio listening 
watch. Where possible, activities affecting 
areas of surface navigation are issued via 
Notices to Mariners (NTM); AUSCOAST 
(coastal areas) or NAVAREA X (longer 
range) radio-navigational warnings 
(Department of Defence, 2019c). 

No public access during training 
exercises: As per existing Defence 
processes, members of the public will not 
be permitted on the beach or within the 
gazetted waters during training exercises. 
The beach area in front of the barracks will 
be closed to the public, with manned 
sentries to the north and south of the 
beach. 

Clear range procedures: Defence follows 
clear range procedures, which means that 
no firings can be undertaken where a risk 
exists to any vessel in the area 

Size of charges: The 
proposed charge weights have 
been selected to achieve 
training objectives while also 
minimising potential impacts to 
the receiving environment, 
including human health. While 
the allowance at Swanbourne 
is for charges up to 500 g, 
charges will be more 
commonly in the range of 100-
250 grams. Training at 
Lancelin would use charges up 
to 5 kg. 

 

All underwater 
detonations shall be 
managed in 
accordance with the 
command information 
and safety regulations 
documented in the 
Royal Australian Navy 
Explosive Demolition 
Manual (Royal 
Australian Navy, 2009). 
The underwater 
detonations will be 
under the strict 
guidance and 
responsibility of the 
nominated Demolitions 
Officer who shall be 
supported by the 
nominated Demolition 
Safety Supervisor. 

Defence will undertake 
annual reporting on 
UTR operations. 
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Impact Avoid Minimise Management 

(Department of Defence, 2019c; 
Department of Defence, 2019b). 

Timing of training exercises: Training to 
be conducted under daylight conditions (to 
assist with visual mitigation measures). No 
sooner than 1 hr after sunrise and no later 
than 1 hr prior to sunset. 

5.1.6 Predicted outcome 
The Proposal is not predicted to have any adverse impacts on human health. It is considered that the 
existing communication pathways and safeguards around public access and use of these areas (Section 
5.1.3), coupled with the Proposal-specific mitigation measures outlined in Section 5.1.5 above, will avoid any 
potential barotrauma and hearing impacts to Defence personnel as well as any members of the public. 
Therefore, the Proposal meets the EPA objective for human health (i.e. to protect human health from 
significant harm). 

5.2 Social Surroundings 
This section describes the potential significant impacts upon social surroundings, how these risks will be 
managed, and the predicted outcome.  

Social surroundings refer to the aesthetic, cultural, economic, and social values of the environment. For 
social surroundings to be considered by the EPA as a factor in EIA, there must be a clear link between the 
Proposal and the physical or biological surroundings which has a subsequent significant impact upon social 
surroundings (Environmental Protection Authority, 2016e). Examples of potential impacts include: 

◼ Impacts upon cultural associations and heritage (Aboriginal, natural and historical) 

◼ Generation of noise or vibration in proximity to sensitive premises 

◼ Activities that generate dust or odour 

◼ Impacts on aesthetic values 

5.2.1 EPA objective 
To protect social surroundings from significant harm.  

5.2.2 Policy and guidance 

Legislative instruments 
◼ Aboriginal Heritage Act 1972 (WA) 

◼ Underwater Cultural Heritage Act 2018 (Cth) 

◼ EPBC Act 

EPA policy and guidance 
◼ Statement of Environmental Principles, Factors and Objectives (Environmental Protection Authority, 

2018e). 

◼ Environmental Factor Guideline: Social Surroundings (Environmental Protection Authority, 2016e). 
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Other policy and guidance 
◼ Defence Environmental Strategy 2016-2036 (Department of Defence, 2016b) 

◼ Environment and Heritage Manual (Department of Defence, 2019a) 

5.2.3 Receiving environment 

Defence usage 
The Proposed UTRs are within Defence gazetted waters, which have been in use by Defence for at least the 
last 60 years. The LDTA has been used for military training exercises since the 1940s, with activities 
including ship-to-shore bombardment, demolition practice and amphibious landings (Department of Defence, 
2017c). The Campbell Barracks at Swanbourne was established in 1957 (Department of Defence, 2017a). 
Activities currently carried out at the barracks includes the use of firing ranges, bulk storage and distribution 
of fuel, vehicle maintenance, ammunition storage, and gun cleaning.  

The beach area in front of the Defence areas at Lancelin and Swanbourne are closed to the public during 
live firing exercises, with sentries posted at the north and south of the beach (Teal Solutions, 2017). Beach 
goers understand that the beach adjacent to the Swanbourne barracks is a ‘no go’ when there are live fire 
activities, denoted by guard towers with red flags (WA Free Beaches, 2009). Defence also provide public 
notice of live-fire activities so that the public is informed of when beach access is prohibited (Defence 
Support Group, 2010). As such, Defence’s presence is well-established, there are clear communication 
pathways and safeguards around public access and use of these areas, and the gazetted waters are clearly 
demarcated in publicly available nautical charts (see discussion in Section 5.1.3). 

Commercial fisheries 
Important State managed commercial fisheries along the west coast include shark, finfish e.g. King George 
Whiting), abalone, prawns, scallops and WRL (Sillaginodes punctata) (Department of the Environment, 
Water, Heritage and the Arts, 2007). These species are also valued by recreational and chartered fishing. 

Western Rock Lobster fishery 
The WRL fishery began in the 1940s and is Australia’s most valuable single-species fishery, with a long-term 
annual catch of approximately 11,000 tonnes worth $300 million (Department of Conservation and Land 
Management, 2005; Department of Fisheries, 2001a; Fletcher, Shaw, Gaughan, & Metcalf, 2011). The 
fishery is managed under the FRM Act and uses an integrated fisheries management approach with a Total 
Allowable Commercial Catch for the entire fishery (Bellchambers, Mantel, Chandrapavan, Pember, & Evans, 
2012). The principal commercial fishery in the WCB is the West Coast Rock Lobster Managed Fishery 
(WCRLF), which targets rock lobster in inshore waters (20-250 m depths) between Shark Bay and Cape 
Leeuwin (Fletcher, Shaw, Gaughan, & Metcalf, 2011). The WCRLF is managed in three zones: south of 
30°S (roughly Jurien and south), north of 30°S, plus a third offshore zone around the Abrolhos Islands 
(Bellchambers, Mantel, Chandrapavan, Pember, & Evans, 2012). Commercial fishing effort is split between 
the north and south zones, but recreational activity is focused around Geraldton and Perth (Department of 
Fisheries, 2001a). 

The minimum legal size for the fishery is 77 mm from 5 November to 31 January, and 76 mm from 1 
February to 30 June, which is generally achieved near or shortly after the time they moult into whites (i.e. 
three-to-four years after pueruli settlement) (Department of Fisheries, 2001a). In coastal waters, the fishing 
season opens on 15 November, syncing with the “whites run”, with most commercial fishermen following the 
whites migration into deeper waters (Department of Fisheries, 2001a). The abundance of legal-sized lobsters 
falls over the summer months but is replenished around March following the February moults where 
undersized lobsters grow to legal size (Department of Fisheries, 2001a). 

The WRL fishery has one of the world’s best fishery datasets (Department of Fisheries, 2001a) and 
management of the fishery is adjusted against stock predictions. Recruitment of puerulus larvae is monitored 
with artificial seaweed puerulus collectors and used in conjunction with the results of the Independent 
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Breeding Stock Survey (annual survey of the number of ovigerous (egg-bearing) females) and commercial 
catch data (size, reproductive status) as indicators of future stock densities (Caputi, et al., 2014; Department 
of Conservation and Land Management, 2005; Department of Fisheries, 2001a). Fisheries note a high level 
of industry cooperation as well as regulation compliance (Department of Fisheries, 2001a). In 1999, the 
WCRLF was the world’s first fishery to be awarded Marine Stewardship Council chain of custody certification 
for demonstrating ecological sustainability of the fishery (Department of Fisheries, 2001a). The total biomass 
of WRL is estimated to be above >90% of unfished levels, which maintains a sustainable fishery and limits 
any potential impacts on trophic interactions (Department of Fisheries, 2001a).  

Recreational usage 

Lancelin 
Lancelin is a popular destination for diving, snorkelling and recreational fishing due to the high density of 
marine life in the area. Recreational fishing is popular both off the beach and in nearshore coastal waters 
with key fish species caught including whiting, Tailor, Australian Herring, flathead, mulloway, West Australian 
Dhufish, Pink Snapper, groper, Yellowtail Kingfish (Seriola lalandi) and Spanish Mackerel (Scomberomorus 
commerson) (Teal Solutions, 2017). Additional marine life found in this area includes abalone, scallop, shark, 
prawns and the WRL (Department of the Environment, Water, Heritage and the Arts, 2007). 

The WRL, which is frequently caught using lobster pots off Lancelin, is a species with increasing vulnerability 
due to overfishing in recent years. To combat dwindling populations fisheries have restricted the amount of 
recreational licences to 45,000 with only 80% of these being used annually between Geraldton and Perth 
(Bellchambers, Mantel, Chandrapavan, Pember, & Evans, 2012). While rock lobster fishing is permitted year-
round (under licence), the abundance of legal-sized lobsters falls over the summer months and is 
replenished around March following the February moults where undersized lobsters grow to legal size 
(Department of Fisheries, 2001a). Seasonal marine restrictions off Lancelin also apply to the demersal finfish 
which may not be taken from mid-October to mid-December to help local populations rejuvenate 
(Department of Primary Industries and Regional Development, 2019a). 

The Lancelin UTR Operational Envelope adjoins the southern boundary of the State Jurien Bay Marine Park, 
with seagrass and macroalgae communities providing important habitat and nursery areas for invertebrates 
and finfish (Department of Conservation and Land Management, 2005). Approximately 7 km southeast of the 
Lancelin UTR Operational Envelope is the Lancelin Island Lagoon FHPA, a protected zone 800 m off the 
Lancelin town site where all fishing is prohibited (Department of Primary Industries and Regional 
Development, 2019b). The Lancelin Island Lagoon FHPA comprises reef and seagrass habitat extending 
west of the island and is a popular snorkelling and diving destination (Fisheries WA, 2001).  

Swanbourne 
North Swanbourne has been used for nude sunbathing since prior to the Second World War and is the most 
popular of the clothing-optional beaches in the metropolitan area (WA Free Beaches, 2009). The clothing-
optional section of beach extends 3 km, from the “Clothing Optional Beach” sign 275 m north of the 
Swanbourne beach access to the boundary with the City of Cambridge, demarcated by a “No Nude Bathing” 
sign (WA Free Beaches, 2009). Beach goers understand that the beach adjacent to the Swanbourne 
barracks is a ‘no go’ when there is live fire activities, denoted by guard towers with red flags (WA Free 
Beaches, 2009). Clarke (1982, as cited in Eliot et al., 2005) considers that development of a nudist beach 
was a significant contributor to creating a sense of community not present at other beaches, with most 
beachgoers likely to be regular visitors. Despite this, visitation to Swanbourne has dropped whereas over the 
same ten-year period there was a 5-10% per annum increase in visitation to other beaches (Eliot, Tonts, 
Eliot, Walsh, & Collins, 2005). 

Recreational shore-fishing is also popular at Swanbourne and neighbouring beaches. Catches include 
mulloway, Tailor, Australian Herring and Tarwhine (Rhabdosargus sarba) (Teal Solutions, 2017).  
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Heritage 
This section relates to listed World Heritage, National Heritage, Commonwealth heritage, and Indigenous 
heritage places or other places that may be culturally significant or recognised as having heritage value. 

A search of the DAWE EPBC database (18 February 2020) (Appendix D) identified four Commonwealth 
Heritage Places and one World/National Heritage Place within 10 km of the proposed UTRs (Table 5-2). 

Table 5-2.  World Heritage, National Heritage, and Commonwealth heritage places relative to the Proposal.  

Heritage site Heritage status Proximity to Proposal 

Australian Convict Sites (Fremantle 
Prison) (and its buffer zone) 

World Heritage Property and 
National Heritage Places 

8.0 km south of the Swanbourne UTR 

Army Magazine Buildings Irwin 
Barracks 

Commonwealth Heritage Place 3.8 km east of the Swanbourne UTR 

Artillery Barracks Commonwealth Heritage Place 6.9 km south of the Swanbourne UTR 

Claremont Post Office Commonwealth Heritage Place 2.7 km east southeast of the 
Swanbourne UTR 

Lancelin Defence Training Area Commonwealth Heritage Place Neighbouring 

 

The closest of the EPBC Protected Matters heritage sites is the LDTA itself. The LDTA was added to the 
Commonwealth Heritage List in 2004 for its natural values, including: 

◼ situated close to the boundary of two major zoogeographic regions, resulting in high species richness with 
a number of species near their limit of the distribution. 

◼ large number of endemic species and high diversity of vegetation communities, habitats and species. 

◼ low woodlands and heath communities, which represent significant remnants in a region where these 
vegetation types are poorly conserved 

◼ wetlands that are important in the hydrogeological system of the region, including the Namming wetland 
suite which is relatively undisturbed and acts as an important breeding site for waterbirds and a drought 
refuge for fauna. 

◼ Rare and poorly known flora species 

◼ Reptile species with restricted distributions 

State heritage 
A search of the Heritage Council’s State Register of Heritage Places (DPLH-006) (6 December 2019) found 
no State heritage sites near the Lancelin or Swanbourne UTRs.  

The closest local or State heritage values to Swanbourne is the Swanbourne Army Complex (Place No. 
13706) itself, which includes Campbell Barracks, Swanbourne Rifle Range and Seaward Village and is listed 
on the Local Heritage Survey database (SPLH-008), which is a list of places within a local district which are, 
or may become, of heritage significance. The aim for the Swanbourne Army Complex is to retain and 
conserve the significance of place through the provisions of the City of Nedlands Town Planning Scheme.  

The Cottesloe FHPA Management Plan notes that the Cottesloe reef system has both Aboriginal and 
European heritage significance (Department of Fisheries, 2001b). The European heritage values relate to 
the wreck of the barque Elizabeth (1830-1839) and the presence of cables at the southern edge of the 
Cottesloe Reef system which once linked WA to South Africa. The Aboriginal Heritage Place Register 
database shows this section of the Indian Ocean coast as having values related to Aboriginal mythology. 

The closest local or State heritage values to Lancelin is Wedge Island (Place No. 18400) which is listed on 
the Heritage Council’s Assessment Program (database DPLH-008), meaning the Heritage Council has an 
interest and it will be assessed and considered for inclusion on the State Register of Heritage Places. 
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Aboriginal heritage 
The Department of Planning, Lands, and Heritage (DPLH) maintains a register of Aboriginal sites that have 
been reported as possible Aboriginal sites under the Aboriginal Heritage Act 1972 (AH Act). These sites 
include:  

◼ Registered Sites: assessed by the Aboriginal Cultural Material Committee (ACMC) as meeting the criteria 
of ‘place’ under section 5 of the AH Act. 

◼ Lodged Place: yet to be formally assessed by the ACMC 

◼ Stored Data: ACMC has assessed and determined that section 5 of the AH Act does not apply. 

A search of the DPLH’s Aboriginal Heritage Place Register database (DPLH-001) (6 December 2019) found 
there are no Aboriginal heritage places within the proposed training zones at Swanbourne or Lancelin. There 
are a number of Aboriginal heritage places within the LDTA and its surrounds, however the closest of these 
to the training zone are “Kwelena Mambakort – Wedge Island” and “Chilion Kornt, Wetj Boya”, approximately 
800 m and 1 km from the training zone respectively. “Kwelena Mambakort – Wedge Island” is a Registered 
Site with artefacts, scatter, ceremonial, historical and cultural heritage values, and “Chilion Kornt, Wetj Boya” 
is a Lodged Place with artefact and scatter heritage values. The only Aboriginal heritage place within 1 km of 
the Swanbourne gazetted waters is the Registered Site of Bold Park, with historical, mythological, plant and 
plant resource heritage values.  

Shipwrecks 
The Australian National Shipwrecks Database records all known Maritime Cultural Heritage (shipwrecks, 
aircraft, relics) in Australian waters. Wrecks older than 75 years are automatically protected under the 
Underwater Cultural Heritage Act 2018 (Cth) while those which are not yet historic are protected under the 
Navigation Act 2012 (Cth). WA also has its own Maritime Archaeology Act 1973 which protects ships lost 
before 1900 and their relics, infrastructure, and associated locations of historic interest. 

A search of this database (last revised July 2016) found 14 shipwrecks within the Lancelin gazetted water; 
two of which are older than 75 years. No shipwrecks occur within 2 km of the Swanbourne or Lancelin 
Operational Envelopes. 

5.2.4 Potential impacts 
Potential impacts upon social surroundings include: 

◼ Restricted access to recreational areas 

◼ Visibility of training exercises 

◼ Noise impacts to amenity 

◼ Impacts upon recreational and commercial activities (e.g. swimming, diving, fishing, whale-watching) 

5.2.5 Mitigation 
Defence has applied the mitigation hierarchy (avoid, minimise, rehabilitate) to the Proposal to ensure that 
social surroundings are not significantly impacted as outlined in Table 5-3. No rehabilitation measures were 
identified as necessary. 

Table 5-3. Summary of potential impacts and mitigation hierarchy for social surroundings 

Impact Avoid Minimise Management 

Restricted 
access to 
recreational 
areas 

Siting of Operational Envelopes: 
All underwater detonation training 
exercises will be conducted within 
the gazetted waters adjacent to the 
established Defence areas at 
Swanbourne and Lancelin. These 

Timing of training exercises: Training to be 
conducted under daylight conditions (to 
assist with visual mitigation measures). No 
sooner than 1 hr after sunrise and no later 
than 1 hr prior to sunset. Additionally, where 
practicable, training exercises would be 

Defence will 
undertake 
annual 
reporting on 
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Impact Avoid Minimise Management 

areas have been used for Defence 
training activities since at least the 
1950s, and there are well-
established communication 
pathways and safeguards around 
public access and use of these 
areas, and the gazetted waters are 
clearly demarcated in publicly 
available nautical charts. Under 
existing Defence processes, 
members of the public are not 
permitted in the area during live-
fire exercises. 

Defence will issue NTM/TNTM in 
line with existing operating 
procedures. 

undertaken outside of the peak Humpback 
Whale annual southbound migration period 
(i.e. outside of September to November). 

UTR 
operations. 

Visibility of 
training 
exercises 

Siting of Operational Envelopes: 
All underwater detonation training 
exercises will be conducted within 
the gazetted waters adjacent to the 
established Defence areas at 
Swanbourne and Lancelin. These 
areas have been used for Defence 
training activities since at least the 
1950s, and there are well-
established communication 
pathways and safeguards around 
public access and use of these 
areas, and the gazetted waters are 
clearly demarcated in publicly 
available nautical charts. Under 
existing Defence processes, 
members of the public are not 
permitted in the area during live-
fire exercises. 

Defence will issue NTM/TNTM in 
line with existing operating 
procedures.  

Siting of Training Footprints: The Training 
Footprint would be located as far away as 
practicable from any nearby seagrass 
meadows or limestone reefs (at least 25 m at 
Swanbourne and 50 m at Lancelin). In 
seasons where areas meeting this siting 
criteria cannot be located at Swanbourne, all 
training will be held at Lancelin. 

The flexibility to adjust the location of the 
Training Footprint enables Defence to 
reduce the frequency with which areas are 
used for military training, thus allowing for 
regeneration of vegetation and substrate and 
minimising cumulative impacts. 

Size of charges: The proposed charge 
weights have been selected to achieve 
training objectives while also minimising 
potential impacts to the receiving 
environment, including visibility of exercises. 
While the allowance at Swanbourne is for 
charges up to 500 g (surface expression 
limited to some light bubbles), charges will 
be more commonly in the range of 100-250 g 
(no visible surface expression). Training at 
Lancelin would use charges up to 5 kg 
(characteristic splash, albeit not a vigorous 
splash, at surface due to rapid expansion of 
gas with the initial pressure wave). 

 Post-training clean-up: As far as practical, 
all materials and debris (above and below 
water) from the training exercises would be 
removed and disposed of, and any fauna 
casualties collected.  

Effectiveness 
would be 
monitored with 
photographs 
pre- and post-
training for the 
first two years. 

Defence will 
undertake 
annual 
reporting on 
UTR 
operations. 

Noise 
impacts to 
amenity 

Siting of Operational Envelopes: 
All underwater detonation training 
exercises will be conducted within 
the gazetted waters adjacent to the 
established Defence areas at 
Swanbourne and Lancelin. These 
areas have been used for Defence 
training activities since at least the 

Timing of training exercises: Training to be 
conducted under daylight conditions (to 
assist with visual mitigation measures). No 
sooner than 1 hr after sunrise and no later 
than 1 hr prior to sunset. Additionally, where 
practicable, training exercises would be 
undertaken outside of the peak Humpback 

Defence will 
undertake 
annual 
reporting on 
UTR 
operations. 
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Impact Avoid Minimise Management 

1950s, and there are well-
established communication 
pathways and safeguards around 
public access and use of these 
areas, and the gazetted waters are 
clearly demarcated in publicly 
available nautical charts. Under 
existing Defence processes, 
members of the public are not 
permitted in the area during live-
fire exercises.  

Defence will issue NTM/TNTM in 
line with existing operating 
procedures. 

Whale annual southbound migration period 
(i.e. outside of September to November). 

Size of charges: The proposed charge 
weights have been selected to achieve 
training objectives while also minimising 
potential impacts to the receiving 
environment. While the allowance at 
Swanbourne is for charges up to 500 g, 
charges will be more commonly in the range 
of 100-250 g. Training at Lancelin would use 
charges up to 5 kg. 

Impacts upon 
recreational 
and 
commercial 
activities 

Siting of Operational Envelopes: 
All underwater detonation training 
exercises will be conducted within 
the gazetted waters adjacent to the 
established Defence areas at 
Swanbourne and Lancelin. These 
areas have been used for Defence 
training activities since at least the 
1950s, and there are well-
established communication 
pathways and safeguards around 
public access and use of these 
areas, and the gazetted waters are 
clearly demarcated in publicly 
available nautical charts. Under 
existing Defence processes, 
members of the public are not 
permitted in the area during live-
fire exercises.  

Defence will issue NTM/TNTM in 
line with existing operating 
procedures. 

Siting of Training Footprints: The Training 
Footprint would be located over areas of 
unconsolidated sediment with less than 25% 
vegetative cover, as far away as practicable 
from any nearby seagrass meadows or 
limestone reefs (at least 25 m at 
Swanbourne and 50 m at Lancelin). In 
seasons where areas meeting this siting 
criteria cannot be located at Swanbourne, all 
training will be held at Lancelin. 

The flexibility to adjust the location of the 
Training Footprint enables Defence to 
reduce the frequency with which areas are 
used for military training, thus allowing for 
regeneration of vegetation and substrate and 
minimising cumulative impacts. 

Timing of training exercises: Training to be 
conducted under daylight conditions (to 
assist with visual mitigation measures). No 
sooner than 1 hr after sunrise and no later 
than 1 hr prior to sunset. Additionally, where 
practicable, training exercises would be 
undertaken outside of the peak Humpback 
Whale annual southbound migration period 
(i.e. outside of September to November). 

Size of charges: The proposed charge 
weights have been selected to achieve 
training objectives while also minimising 
potential impacts to the receiving 
environment. While the allowance at 
Swanbourne is for charges up to 500 g, 
charges will be more commonly in the range 
of 100-250 g. Training at Lancelin would use 
charges up to 5 kg. 

Post-training clean-up: As far as practical, 
all materials and debris (above and below 
water) from the training exercises would be 
removed and disposed of, and any fauna 
casualties collected.  

Effectiveness 
would be 
monitored with 
photographs 
pre- and post-
training for the 
first two years. 

Defence will 
undertake 
annual 
reporting on 
UTR 
operations. 

 

As responsible environmental stewards, Defence aims to train sustainably through a proactive, risk-based 
approach to sustainable environmental management to minimise and manage adverse consequences on the 
environment and external parties (communities, businesses and adjacent landholders) as a result of Defence 
activities. Defence protocols for proposed training footprint areas, the size of charges, and post-training 
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clean-up where all identified in the Defence feasibility study for the Proposal, before Defence Environmental 
Management personnel were involved in the project.  

5.2.6 Predicted outcome 
The Proposal is not predicted to have any significant impacts on social surroundings. With application of the 
mitigation hierarchy, the predicted outcomes for potential impacts are: 

◼ Public access 

Safety-related restrictions on public access to the beach and gazetted waters are not considered to be a 
significant change from existing Defence practices in the area (for further discussion, see Section 5.1). 

◼ Visibility of training exercises 

No significant impacts upon visual amenity are predicted. The Defence Estate at both Lancelin and 
Swanbourne is already regularly used for live fire and military training exercises, so the visual context of 
military operations at both facilities would be visually identical to the visual context of current activities. 

Visibility of training exercises is considered very minimal and largely limited to training boats and to the 
detonation itself. It is likely that at Swanbourne, beyond some light bubbles, there would be no visible 
expression of a 500 g detonation at the surface. The lesser detonations of 100-250 g would have no 
visible expression at the surface and would be perceptible only to the trainees themselves. At Lancelin, 
the 5 kg charge would have a characteristic but small surface splash due to the rapid expansion of the 
detonation gases and the initial pressure wave of the detonation.  

Post-training inspection, clean-up and monitoring procedures are considered adequate to maintain visual 
amenity of the area and the EPA’s objective for social surroundings will be met.  

◼ Noise impacts 

Similar to visibility, noise impacts would be consistent with the existing noise profiles of Swanbourne and 
Lancelin. At both facilities, the primary receptors of noise would be recreational users. At Swanbourne, 
the closest receptors would be Defence residences at Seward Village, 500m from the proposed training 
envelope. At Lancelin, the closest receptors are within the Wedge Island Community, 1.5 km to the north 
of the proposed Operational Envelope. 

As both facilities have existing live fire approval for munitions equal and greater to the proposed charges 
for training, the proposed noise profile is well within the existing approved activities and with detonations 
occurring underwater would not be anticipated to be loud enough to transmit to the nearest receptor and 
the EPA’s objective for social surroundings will be met.  

◼ Impacts upon recreational and commercial activities 

No significant impacts upon recreational and commercial activities are predicted. Impacts upon 
recreational and commercial activities primarily relate to the environmental factors of benthic communities 
and habitats and marine fauna, and impact assessment for these factors (Sections 4.2 and 4.4 
respectively) concluded that the Proposal meets the EPA objectives for these factors. 

Potential impacts upon recreational and commercially valuable fisheries species and their preferred 
habitats have been minimised by locating the training exercises over areas of bare sand where possible 
and conducting training exercises during daylight hours. Areas of sandy seabed are considered by the 
EPA to recover in days/weeks, which is considerably faster than communities dominated by sponges, 
macrophytes or corals (Environmental Protection Authority, 2016i). In particular, this minimises impacts 
upon WRL, which may forage on infaunal prey items but return to their reef habitat at dawn 
(Bellchambers, Mantel, Chandrapavan, Pember, & Evans, 2012).  

Similarly, impacts upon other recreational and commercial activities related to natural features and events 
(e.g. snorkelling, diving, whale-watching) are minimised by locating training outside of sensitive BCH, and 
conducting training during daylight hours (to assist with visual mitigation measures) and outside of the 
whale migration period.  

Therefore, the Proposal meets the EPA objective for social surroundings (i.e. to protect human health from 
significant harm).  



 

Project number EST04718  File EST04718_EPA Referral_Rev0.docx, 2020-04-06  Revision 0   133 

6 Offsets 
The assessment process and supporting technical studies concluded that there were no major environmental 
issues or risks pertaining to either site that would be considered to constitute a significant residual impact to 
the environment. As no residual impacts are predicted, no offsets are proposed. 

7 Holistic impact assessment 
The EIA process requires consideration of connections and interactions between parts of the environment to 
inform a holistic view of impacts to the whole environment. In the marine environment there is a clear nexus 
between effects on marine quality, benthic habitats that can result in additional indirect effects on marine 
fauna and the nearshore environment in general. This requires consideration of the impacts of the Proposal 
in a regional context as well as at the local scale. Important to this Proposal, while both sites are long 
standing areas of Defence training, the Lancelin site is located in a relatively pristine native environment and 
Swanbourne is within a relatively urbanized area. In both cases though the Defence presence has also 
prevented more development than is seen in the surrounding context of both sites and left the nearshore 
environment less impacted.  

Table 7-1 provides a discussion of the predicted outcomes in relation to the environmental principles of the 
EP Act.  

Table 7-1.  Predicted outcomes in relation to EP Act principles 

Heading Consideration 

1. The precautionary principle  

Where there are threats of serious or irreversible 
damage, lack of full scientific certainty should not be 
used as a reason for postponing measures to prevent 
environmental degradation. 

In application of this precautionary principle, decisions 
should be guided by:  

a) careful evaluation to avoid, where practicable, 
serious or irreversible damage to the 
environment; and  

b) an assessment of the risk-weighted 
consequences of various options. 

The Proposal has been designed to avoid, as far as 
practicable, any serious environmental harm.  

Specialist studies have been undertaken and the 
mitigation hierarchy has been applied to the identified 
potential impacts. Residual impacts are considered limited 
to a short-term crater, and a small take of fish and 
invertebrate species. This will be documented and audited 
with pre- and post-exercise photographic surveys which 
will allow the evaluation of any impacts, and future 
detonation training as appropriate 

Defence considers that the Proposal meets the application 
of the precautionary principle.  

2. The principle of intergenerational equity  

The present generation should ensure that the health, 
diversity and productivity of the environment is 
maintained and enhanced for the benefit of future 
generations. 

The Proposal is not predicted to have any long-term 
impacts upon the health, diversity and productivity of the 
environment. The Proposal has been designed to 
minimise impacts upon benthic communities and habitats 
and avoid impacts upon conservation significant species. 
No bioaccumulation of detonation compounds in the 
sediments or organisms is anticipated, nor cumulative 
effects with any other projects in the area. 

Defence considers that the Proposal meets the principle of 
intergenerational equity. 

3. Principles relating to improved valuation, pricing and 
incentive mechanisms  

a) Environmental factors should be included in the 
valuation of assets and services.  

b) The polluter pays principles – those who 
generate pollution and waste should bear the 
cost of containment, avoidance and abatement.  

Defence considers that the Proposal meets the principles 
related to improved valuation, pricing and incentive 
mechanisms. 

The Proposal is consistent with internal defence guidance 
on environmental management and environmental 
considerations are a key criterion in the annual selection of 
sustainable training sites. 
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Heading Consideration 
c) The users of goods and services should pay 

prices based on the full life-cycle costs of 
providing goods and services, including the use 
of natural resources and assets and the 
ultimate disposal of any waste. 

d) Environmental goals, having been established, 
should be pursued in the most cost effective 
way, by establishing incentive structure, 
including market mechanisms, which enable 
those best placed to maximise benefits and/or 
minimise costs to develop their own solution 
and responses to environmental problems. 

4. The principle of the conservation of biological 
diversity and ecological integrity  

Conservation of biological diversity and ecological 
integrity should be a fundamental consideration. 

As responsible environmental stewards, Defence aims to 
train sustainably through a proactive, risk-based approach 
to sustainable environmental management to minimise 
and manage adverse consequences on the environment 
and external parties (communities, businesses and 
adjacent landholders) as a result of Defence activities. 
Defence protocols for proposed training footprint areas, 
the size of charges, and post-training clean-up where all 
identified in the Defence feasibility study for the Proposal, 
before Defence Environmental Management personnel 
were involved in the project. 

5. The principle of waste minimisation  

All reasonable and practicable measures should be 
taken to minimise the generation of waste and its 
discharge into the environment. 

Currently, there are no facilities to conduct underwater 
demolitions training in Western Australia, forcing ADF 
personnel to travel interstate or overseas for this training. 
There are high logistic and cost requirements involved in 
doing so, as well as the carbon footprint involved in air 
travel which would be minimised with training options on in 
Western Australia. 

Defence considers that the Proposal meets the principle of 
waste minimisation. 

 

As discussed in Section 4.2 (Benthic Communities and Habitats), the Proposal is unlikely to result in the net 
long-term loss of BCH. The Training Footprint would be located over bare sand / sparse seagrass (<25% 
vegetative cover) BCH, as far away as practicable from any nearby seagrass meadows (>25% vegetative 
cover) or limestone reefs, within the Proposed Operational Envelope at each site. As a minimum, a buffer of 
25 m at Swanbourne and 50 m at Lancelin (based on predicted impact on benthic invertebrates (see Section 
4.2.5)) will be in effect for seagrass meadows and limestone reefs. In seasons where areas meeting this 
siting criteria cannot be located at Swanbourne, all training will be held at Lancelin. The flexibility to adjust 
the location of the Training Footprint enables the proposed training to avoid seasonally variable seagrass 
areas, and also limit any cumulative effects on BCH by moving the training footprint as needed. The indirect 
impacts of turbidity and sedimentation on seagrasses and other BCH are considered temporary and 
comparatively minor against the natural hydrodynamic processes.  

As discussed in Section 4.3 (Marine Environmental Quality), the chemical constituents of the proposed 
charges break down rapidly in sediment. As breakdown products are weakly hydrophobic, they readily 
partition to the water column and become diluted in the marine environment. As such, no toxicity or 
bioaccumulation or sediment build-up from any trace amounts of detonation compound is expected.  

As discussed in Section 4.4 (Marine Fauna), it is predicted that potential impacts to marine fauna from 
detonations during training will amount to minor temporary disruption of very limited spatial extent and 
therefore do not pose a substantive risk to marine fauna within the Project area. While impacts to fish will be 
unavoidable, appropriate management would be anticipated to minimise loss; and mortalities arising from the 
Proposal are not considered to be significant at the local and regional population levels given the small 
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number of training exercises and flexibility of the Training Footprint location. With proposed management, 
measures impacts to larger fish, marine mammals, turtles, and birds should be largely avoidable.  

For human health and social surroundings (discussed in Section 5.1 and 5.2), impacts are largely avoidable 
through the design of the program and existing controls at Defence facilities, resulting in no to negligible 
impacts. The Proposal will avoid any potential barotrauma and hearing impacts to Defence personnel as well 
as any members of the public through existing communication pathways and safeguards around public 
access and use of Defence training areas. The Proposal is not predicted to have any significant impacts on 
social surroundings, as Defence facilities are already buffered from sensitive receptors and the program is 
consistent with existing programs that already effectively manage impacts on public access, visual context, 
noise, and heritage.  

Defence considers the potential impacts for the preliminary key environmental factors can be appropriately 
managed through the implementation of proposed management measures. The spatial flexibility of training 
locations and low number of training events over each year are not expected to contribute to long term 
cumulative impacts from training in the Operational Envelope. 

Table 7-2 provides a summary of the impact assessment and predicted outcomes of the Proposal in relation 
to the EPA’s objectives for each factor. 
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Table 7-2.  Summary of potential impacts, proposed mitigation and outcomes 

Benthic Communities and Habitats 

EPA objective To protect benthic communities and habitats so that biological diversity and ecological integrity are maintained. 

Potential impacts ◼ direct loss of BCH through:  

− physical removal of BCH within the detonation crater 

− blast damage to BCH in the immediate vicinity of the detonation, including subsequent dieback 

− Mortality of benthic invertebrates 

◼ indirect impacts to BCH due to: 

− changes in marine environmental quality 

◼ introduction of toxicants associated with detonation materials, which may contaminate the water column and sediments and impact 
organisms 

◼ release of physical debris associated with detonation materials and targets, which may damage benthic communities 

◼ periods of increased turbidity and sediment deposition following detonations, which may reduce light availability and smother 
organisms 

◼ introduction of contaminants from hydrocarbons and other spills 

− reduced recruitment and diversity of corals 

− differences in sensitivity between macroalgae and seagrass species may lead to altered community composition and structure 

− physical disturbance to sediment structures may destroy or alter microhabitats, and injure or displace infauna 

− sound, pressure and vibration impacts upon benthic invertebrates may alter behaviours and abundance 

◼ cumulative impacts of this Proposal with other proposals 

Mitigation Avoid:  

◼ Siting of Training Footprints: While the avoidance of any crater radii is not possible, this impact is considered recoverable by siting training 
exercises over areas of unconsolidated sediment with less than 25% vegetative cover.  

The Training Footprint would be located as far away as practicable from any nearby seagrass meadows or limestone reefs (at least 25 m at 
Swanbourne and 50 m at Lancelin). In seasons where areas meeting this siting criteria cannot be located at Swanbourne, all training will be 
held at Lancelin. 
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The flexibility to adjust the location of the Training Footprint enables Defence to reduce the frequency with which areas are used for military 
training, thus allowing for regeneration of vegetation and substrate and minimising cumulative impacts. 

Minimise: 

◼ Placement of charges in the water column: detonations would occur at least 1 m above the seafloor. 

◼ Size of charges: The proposed charge weights have been selected to achieve training objectives while also minimising potential impacts to 
the receiving environment. While the allowance at Swanbourne is for charges up to 500 g, charges would be more commonly in the range of 
100-250 grams. Training at Lancelin would use charges up to 5 kg. 

Rehabilitate: 

◼ Not required 

Management: 

◼ Effectiveness would be monitored with photographs pre- and post-training for the first two years. 

◼ Defence will undertake annual reporting on UTR operations. 

Outcomes Residual Impact: 

The Proposal is not predicted to have any significant residual impacts on benthic communities and habitats. The Proposal is unlikely to result in 
the net long-term loss of BCH. Physical disturbance of benthic substrate and habitat is expected to be minimal, given that detonations would 
occur a minimum distance of 1 m above the seafloor and the Training Footprint would be located as far away as practicable from any nearby 
seagrass meadows or limestone reefs (at least 25 m at Swanbourne and 50 m at Lancelin). Flexibility to adjust the location of the Training 
Footprint enables the proposed training to avoid seasonally variable seagrass areas, and also limit any cumulative effects on BCH by moving the 
training footprint as needed.  

Some cratering and loss/dieback of sparse seagrass may occur within the immediate proximity of the detonation; however, like the indirect 
impacts of turbidity and sedimentation, this is considered temporary and comparatively minor against the natural hydrodynamic processes. 
Disturbed sediments are likely to be rapidly recolonised by benthic invertebrates from the surrounding area, and sediment structure and 
associated microhabitats would be restored with infauna activity. Invertebrates are highly resistant to underwater detonations and impacts on 
species such as the WRL and abalone are minimised by the Training Footprint BCH siting criteria. 

Offset:  

No offsets are proposed for this environmental factor 

Marine Environmental Quality 

EPA objective To maintain the quality of water, sediment and biota so that environmental values are protected. 

Potential impacts ◼ direct impacts through:  

− introduction of contaminants from hydrocarbons and other spills 
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− introduction of toxicants associated with detonation materials 

− release of physical debris associated with detonation materials and targets 

− periods of elevated turbidity due to benthic disturbance 

◼ indirect impacts through: 

− long term accumulation of contaminants from detonation charges in sediments and fauna 

− periods of elevated turbidity due to benthic disturbance 

◼ cumulative impacts of this Proposal with other proposals 

Mitigation Avoid:  

◼ Avoidance is not possible 

Minimise:  

◼ Post-training clean-up: As far as practicable, all materials and debris (above and below water) from the training exercises would be 
removed and disposed of, and any fauna casualties collected.  

◼ Size of charges: The proposed charge weights have been selected to achieve training objectives while also minimising potential impacts to 
the receiving environment. While the allowance at Swanbourne is for charges up to 500 g, charges will be more commonly in the range of 
100-250 g. Training at Lancelin would use charges up to 5 kg. 

Rehabilitate: 

◼ Not required 

Management: 

◼ Effectiveness would be monitored with photographs pre- and post-training for the first two years. 

◼ Defence will undertake annual reporting on UTR operations. 

◼ Defence recognises that the Water Corporation requires access to Swanbourne for compliance water monitoring, and Defence will factor the 
monitoring schedule into the Swanbourne UTR program accordingly. 

Outcomes Residual Impact:  

The Proposal is not predicted to have any significant residual impacts on marine environmental quality. The chemical constituents of the 
proposed charges break down rapidly in sediment. As breakdown products are weakly hydrophobic, they readily partition to the water column 
and become diluted in the marine environment. As such, no toxicity or bioaccumulation or sediment build-up from any trace amounts of 
detonation compound is expected. There are no cumulative effects predicted as a result of this Proposal, either on its own or with other projects 
in the area. 
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Offset:  

No offsets are proposed for this environmental factor 

Marine Fauna 

EPA objective To protect marine fauna so that biological diversity and ecological integrity are maintained. 

Potential impacts ◼ direct impacts through:  

− mortality and injury of marine fauna (pressure/noise/vibration) 

◼ indirect impacts through:  

− changes in marine fauna behaviour/hearing damage (pressure/noise/vibration) 

− stressor effects on marine fauna (pressure/noise/vibration) 

− changes in marine environmental quality 

◼ introduction of toxicants associated with detonation materials, which may have toxicity effects on marine fauna 

◼ release of physical debris associated with detonation materials and targets, which may injure fauna 

◼ introduction of contaminants from hydrocarbons and other spills 

◼ periods of increased turbidity and sediment deposition following detonations, which may reduce light availability and smother BCH 

◼ cumulative impacts of this Proposal with other proposals 

Mitigation Avoid:  

◼ Daily timing of training exercises: Training to be conducted under daylight conditions (to assist with visual mitigation measures). No sooner 
than 1 hr after sunrise and no later than 1 hr prior to sunset. This also avoids impact to WRL (nocturnal forager). 

◼ Seasonal timing of training exercises: Where practicable, training exercises undertaken would be outside of the peak Humpback Whale 
annual southbound migration period (i.e. outside of September to November). 

Minimise:  

Marine fauna safe zone monitoring: Fauna movements prior to and during training will be monitored in accordance with existing Defence 
marine fauna observation protocols, which include the use of spotters trained in marine fauna.  

The charge is not to be detonated unless the area is deemed clear of large marine fauna and birds to the designated distances. Boats, aircraft 
or scare charges are not to be used to move marine fauna out of the area.  

◼ Placement of charges in the water column: detonations would occur at least 1 m above the seafloor. 
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◼ Size of charges: The proposed charge weights have been selected to achieve training objectives while also minimising potential impacts to 
the receiving environment. While the allowance at Swanbourne is for charges up to 500 g, charges will be more commonly in the range of 
100-250 g. Training at Lancelin would use charges up to 5 kg. 

◼ Siting of Training Footprints: The Training Footprint would be located as far away as practicable from any nearby seagrass meadows or 
limestone reefs (at least 25 m at Swanbourne and 50 m at Lancelin). This is anticipated to minimise fauna (including fish) present during 
training exercises. The flexibility to adjust the location of the Training Footprint enables Defence to reduce the frequency with which areas are 
used for military training, thus minimising cumulative impacts.  

◼ Post-training clean-up: As far as practicable, all materials and debris (above and below water) from the training exercises would be 
removed and disposed of, and any fauna casualties collected. 

Rehabilitate:  

◼ Not required 

Management: 

◼ Effectiveness would be monitored with photographs pre- and post-training for the first two years. 

◼ Defence will undertake annual reporting on UTR operations. 

◼ Fauna movements prior to and during training will be monitored in accordance with existing Defence marine fauna observation protocols. 

◼ Report any observations of injury/disturbance of any large marine fauna or birds by signal to AUSFLTSAFETY (SIC 12C/ELS), and detail 
date/time, location, nature of incident, avoidance action taken, species/type of animal, and observed response/injuries. 

Outcomes Residual Impact:  

The Proposal is not predicted to have any significant residual impacts on marine fauna. It is predicted that potential impacts to marine fauna from 
detonations during training will amount to minor temporary disruption of very limited spatial extent and therefore do not pose a substantive risk to 
marine fauna within the Project area. While impacts to fish will be unavoidable, appropriate management would be anticipated to minimise loss; 
and mortalities arising from the Proposal are not considered to be significant at the local and regional population levels given the small number of 
training exercises and flexibility of the Training Footprint location. With proposed management measures, impacts to larger fish, marine 
mammals, turtles, and birds should be largely avoidable. 

Offset:  

No offsets are proposed for this environmental factor 

Human Health 

EPA objective To protect social surroundings from significant harm. 

Potential impacts ◼ Barotrauma, potentially resulting in death 

◼ Hearing impairment 
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Mitigation Avoid:  

◼ Siting of Operational Envelopes: All underwater detonation training exercises will be conducted within the gazetted waters adjacent to the 
established Defence areas at Swanbourne and Lancelin. These areas have been used for Defence training activities since at least the 1950s, 
and there are well-established communication pathways and safeguards around commercial and general public access and use of these 
areas, and the gazetted waters are clearly demarcated in publicly available nautical charts.  

◼ Communication channels: Military Firing Practice and Exercise Areas are included within Section 10.10.1 of the Mariner’s Handbook for 
Australian Waters (Department of Defence, 2019b) and Defence also publishes a fact sheet on Military Firing Practice and Exercise Areas 
(Department of Defence). Vessels approaching weapons practice areas are requested to maintain a radio listening watch. Where possible, 
activities affecting areas of surface navigation are issued via Notices to Mariners (NTM); AUSCOAST (coastal areas) or NAVAREA X (longer 
range) radio-navigational warnings (Department of Defence, 2019c). 

◼ No public access during training exercises: As per existing Defence processes, members of the public will not be permitted on the beach 
or within the gazetted waters during training exercises. The beach area in front of the barracks will be closed to the public, with manned 
sentries to the north and south of the beach. 

◼ Clear range procedures: Defence follows clear range procedures, which means that no firings can be undertaken where a risk exists to any 
vessel in the area (Department of Defence, 2019b; Department of Defence, 2019c). 

◼ Timing of training exercises: Training to be conducted under daylight conditions (to assist with visual mitigation measures). No sooner than 
1 hr after sunrise and no later than 1 hr prior to sunset. 

Minimise: 

◼ Size of charges: The proposed charge weights have been selected to achieve training objectives while also minimising potential impacts to 
the receiving environment, including human health. While the allowance at Swanbourne is for charges up to 500 g, charges will be more 
commonly in the range of 100-250 grams. Training at Lancelin would use charges up to 5 kg. 

Rehabilitate: 

◼ Not required 

Management: 

◼ All underwater detonations shall be managed in accordance with the command information and safety regulations documented in the Royal 
Australian Navy Explosive Demolition Manual (Royal Australian Navy, 2009). The underwater detonations will be under the strict guidance 
and responsibility of the nominated Demolitions Officer who shall be supported by the nominated Demolition Safety Supervisor. 

◼ Defence will undertake annual reporting on UTR operations. 

Outcomes Residual Impact:  

The Proposal is not predicted to have any significant residual impacts on human health. The Proposal will avoid any potential barotrauma and 
hearing impacts to Defence personnel as well as any members of the public through existing communication pathways and safeguards around 
public access and use of Defence training areas.  
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Offset:  

No offsets are proposed for this environmental factor 

Social Surroundings 

EPA objective To protect human health from significant harm. 

Potential impacts ◼ Restricted access to recreational areas 

◼ Visibility of training exercises 

◼ Noise impacts to amenity 

◼ Impacts upon recreational and commercial activities (e.g. swimming, diving, fishing, whale-watching) 

Mitigation Avoid:  

◼ Siting of Operational Envelopes: All underwater detonation training exercises will be conducted within the gazetted waters adjacent to the 
established Defence areas at Swanbourne and Lancelin. These areas have been used for Defence training activities since at least the 1950s, 
and there are well-established communication pathways and safeguards around public access and use of these areas, and the gazetted 
waters are clearly demarcated in publicly available nautical charts. Under existing Defence processes, members of the public are not 
permitted in the area during live-fire exercises.  

Defence will issue NTM/TNTM in line with existing operating procedures. 

Minimise 

◼ Timing of training exercises: Training to be conducted under daylight conditions (to assist with visual mitigation measures). No sooner than 
1 hr after sunrise and no later than 1 hr prior to sunset. Additionally, where practicable, training exercises would be undertaken outside of the 
peak Humpback Whale annual southbound migration period (i.e. outside of September to November). 

◼ Siting of Training Footprints: The Training Footprint would be located as far away as practicable from any nearby seagrass meadows or 
limestone reefs (at least 25 m at Swanbourne and 50 m at Lancelin). In seasons where areas meeting this siting criteria cannot be located at 
Swanbourne, all training will be held at Lancelin. 

The flexibility to adjust the location of the Training Footprint enables Defence to reduce the frequency with which areas are used for military 
training, thus allowing for regeneration of vegetation and substrate and minimising cumulative impacts. 

◼ Size of charges: The proposed charge weights have been selected to achieve training objectives while also minimising potential impacts to 
the receiving environment, including visibility of exercises. While the allowance at Swanbourne is for charges up to 500 g (surface expression 
limited to some light bubbles), charges will be more commonly in the range of 100-250 g (no visible surface expression). Training at Lancelin 
would use charges up to 5 kg (characteristic splash, albeit not a vigorous splash, at surface due to rapid expansion of gas with the initial 
pressure wave). 
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◼  Post-training clean-up: As far as practical, all materials and debris (above and below water) from the training exercises would be removed 
and disposed of, and any fauna casualties collected.  

Rehabilitate 

◼ Not required 

Management 

◼ Effectiveness would be monitored with photographs pre- and post-training for the first two years. 

◼ Defence will undertake annual reporting on UTR operations. 

Outcomes Residual Impact:  

The Proposal is not predicted to have any significant residual impacts on social surroundings. Defence facilities are already buffered from 
sensitive receptors and the program is consistent with existing programs that already effectively manage impacts on public access, visual 
context, noise, and heritage. 

Offset:  

No offsets are proposed for this environmental factor 
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Stage Scope 

Stage 1 Referral of a proposal to the EPA (s. 38): 

◼ Pre-referral process/discussions (optional). The EPA encourages proponents to have a pre-
referral meeting with DWER (and relevant decision-making authorities (DMAs), government agencies 
and stakeholders) to discuss: 

− Potential impacts, including on Matters of National Environmental Significance 

− Possible preliminary key environmental factors 

− Stakeholder consultation 

− Proposed management measures 

− Potential assessment pathways for the proposal, including level of assessment (‘assessment on 
proponent information’ or ‘public environmental review’) requirements if the EPA is likely to assess 
the proposal. 

If the proponent aims to provide sufficient information with the referral to enable the EPA to set 
‘Referral information’ as the level of assessment, the proponent may: 

− Prepare a supplementary report consistent with the requirements of an Environmental Review 
Document (ERD) to accompany the referral 

− Request the EPA review the draft supplementary report, prior to referral 

◼ Referral of proposal to the EPA 

− May be of a significant proposal or a strategic (staged) proposal 

− Must be in writing and use the prescribed EPA s38 Referral Form (Environmental Protection 
Authority, 2018b) (see also Instructions for the referral of a Proposal to the Environmental 
Protection Authority under Section 38 of the Environmental Protection Act 1986 (Environmental 
Protection Authority, 2018c). 

− Significant proposals must be defined according to the Instructions on how to define the key 
characteristics of a proposal (Environmental Protection Authority). 

− Where a proponent submits supplementary information with the referral, the EPA encourages the 
use of: 

◼ Instructions on how to prepare an Environmental Review Document (Environmental Protection 
Authority, 2018d) 

◼ Instructions on how to prepare Environmental Protection Act 1986 Part IV Environmental 
Management Plans (EMPs) (Environmental Protection Authority, 2017). 

◼ EPA decides whether a proposal is valid. 

− The EPA may request further information (from any person) to make this decision (s. 38A) 

− Stage 1 ends when the EPA: 

◼ Records that a referral is valid (and the referral moves to Stage 2) 

◼ Notifies the referrer that it is not a valid referral (end of referral process).  

The EPA may refuse to accept a proposal if it is clearly not a significant proposal or if the 
proposal has been previously referred.  

Stage 2 EPA to decide whether to assess a proposal (s. 38A to s. 39B) 

◼ Stage 2 begins when the EPA records that a referral is valid. 

◼ Before making a decision on whether to assess a proposal, the EPA: 

− May request further information from (from any person) (s. 38A) 

− Will publish the referral information on their website (https://consultation.epa.wa.gov.au) for 
a 7-day public comment period, during which submissions may be made by anyone as to whether 
the EPA should assess the proposal, and if so, at what Level of Assessment. 

https://consultation.epa.wa.gov.au/
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◼ The EPA has 28 days (once all information has been received) to decide whether to assess the 
proposal and if so, at what Level of Assessment. (s. 39A).  

The Level of Assessment refers to the information required for the EPA’s assessment, whether any of 
the additional assessment is to be made available for public review, and the Section(s) of the EP Act 
that the requirement relates to. 

− In deciding the Level of Assessment, the EPA considers: 

◼ Information and level of detail provided by: the referral, any supplementary reports, and any 
requests for further information and/or the EPA’s own inquiries. 

◼ Number and complexity of preliminary key environmental factors 

◼ Whether it is a common type of proposal 

◼ Anticipated level of public interest. 

− If the EPA decides to assess the proposal, the most common descriptors of the level of 
assessment are: 

◼ Referral information (s. 38): The EPA has enough information from the referral process (and 
any requests for further information) to assess the proposal. 

◼ Environmental review – no public review (s. 40(2)(b)): The EPA determines that additional 
assessment information is required (typically a proponent-prepared ERD) but that it will not be 
made public. 

◼ Public environmental review (s. 40(2)(b) and s. 40(4)): The EPA determines that an 
environmental review is required, and that the ERD is to be made available for public review. 
The public review period of the ERD is usually 2 – 12 weeks. 

Where an ERD is required, the EPA will include information related to scoping of the ERD. This 
includes whether the EPA or the proponent will prepare the Environmental Scoping Document 
(ESD) and whether the ESD will be released for public review (typically a 2-week period).  

The EPA’s decision to assess a proposal and the level of assessment is not appealable 

− If the EPA decides not to assess the proposal, it has determined that the likely effect on the 
environment is not so significant as to warrant assessment. The EPA make however give advice 
and make recommendations to the proponent or any relevant authority or person.  

The EPA’s decision to not assess a proposal has a 14-day public appeal period. 

◼ Stage 2 ends when the EPA publishes its decision whether or not to assess a proposal. 

Stage 3 Assessment of proposals (s. 40 to s. 43A) 

◼ Stage 3 begins once the EPA has published its decision to assess 

◼  Steps 1-3 (If required by the Level of Assessment set in Stage 2): 

− Step 1: The ESD is prepared. This defines the specific requirements of the environmental review, 
including the preliminary key environmental factors to be addressed and any required work 
(including studies, investigations, preparation of EMPs) to be carried out. Relevant stakeholders 
and DMAs are consulted on the content of the ESD. 

◼ The ESD is a draft until approved by the EPA. 

◼ For a Public Environmental Review, the EPA will release the draft ESD for a 2-week public 
comment period. 

◼ Step 1 ends when the approved ESD is published on the EPA website  

− Step 2: Additional assessment information for the environmental review is prepared (including 
the ERD, and any other required documentation such as EMPs). 

◼ Proponents must follow the Instructions on how to prepare an Environmental Review 
Document (Environmental Protection Authority, 2018d). 

◼ The environmental review must be conducted in accordance with the ESD (and Schedule 4 of 
the EPBC Regulations if it is to be assessed by the EPA as a bilateral assessment). 
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◼ The proposal must be defined according to the Instructions on how to define the key 
characteristics of a proposal (Environmental Protection Authority). 

◼ EMPs should be prepared for management measures which are mitigating significant impacts 
(and must be prepared if required in the ESD). EMPs must follow the Instructions on how to 
prepare Environmental Protection Act 1986 Part IV Environmental Management Plans (EMPs) 
(Environmental Protection Authority, 2017). 

◼ EPA may require any person to provide it with information, including requests for advice from 
relevant DMAs and other government agencies  

◼ Step 2 ends when the EPA: 

If public review is not required: Accepts the ERD (and/or other assessment information) and 
publishes it on the EPA’s website OR 

If public review is required: Accepts the ERD (and/or other assessment information). 

− Step 3: Public review of the additional information provided 

◼ Within two-weeks of accepting the ERD, the EPA will authorise the release the ERD for public 
review. 

◼ The proponent publishes the ERD in accordance with the Instructions and template: Public 
advertising and release requirements). EPA Services at DWER will approve the format and 
content of the advertisement before it is published. 

◼ Any person can provide a submission. The public review period is 2-12 weeks, as decided by 
the EPA in Step 2. 

◼ The EPA has 3 weeks from the close of the public comment period to provide a summary of 
submissions to the proponent.  

◼ The EPA may require the proponent to respond to any submissions. The EPA then has 4 
weeks from receipt of the response of submissions to review the response.  

◼ Step 3 ends when the review period has closed and the EPA does not require the proponent to 
respond to submissions, OR the EPA has accepted and published the proponent’s responses 
to submissions. 

◼ Step 4: Preparation of the EPA draft assessment report 

− In preparing its draft assessment, the EPA will: 

◼ Confirm whether the preliminary key environmental factors are the final key environmental 
factors. 

◼ Usually assess the provided EMPs (and may require the proponent to make amendments) 

◼ Consider whether the proposal may be implemented, and if so whether any of the proposal 
elements need to be controlled through an authorised extent and whether any conditions are 
required. 

− Step 4 ends when the EPA produces a draft assessment report (target timeframe is six weeks). 

Note: The EPA’s target time to prepare the draft assessment report (six weeks) and to finalise the 
report and give the report to the Minister (six weeks) is 12 weeks 

◼ Step 5: Completion of the EPA assessment 

− The EPA considers the draft assessment report and any conditions, revises if needed, and agrees 
to adopt the draft assessment report as the basis for the final assessment report. 

− Proponents may carry out minor or preliminary work (associated with the proposal and unlikely to 
have a significant impact on the environment) with the consent of the EPA. 

◼ Stage 3 ends when the EPA completes or terminates its assessment. 

− The assessment may be terminated if requested by the proponent, or if the proponent has failed to 
comply with a requirement under s. 40A(1)(b). 
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Stage 4 EPA report on the assessment of a proposal (s. 44) 

◼ At the completion of the assessment, the EPA prepares a report and recommendations for the 
Minister for Environment.  

− The assessment report may include: 

◼ Summary of stakeholder consultation and public input 

◼ What the EPA considers to be the key environmental factors, with an assessment of each. 

◼ A holistic assessment, considering the: interconnected nature of the environment, the 
principles of the EP Act, cumulative impacts with other proposals, and significance of residual 
impacts and offsets.  

− Recommendations include whether or not the proposal may be implemented, and conditions and 
procedures to which the implementation should be subject (if any). Conditions usually are: 

◼ Standard conditions, relating to time limits for implementation, compliance reporting, public 
availability of post-assessment information 

◼ Proposal-specific environmental conditions. These may be: 

 Outcome conditions: a measurable outcome with a clear boundary, generally relating to the 
‘avoid’ part of mitigation, such as ‘no disturbance to a TEC’ within a defined area. This may 
include trigger and threshold criteria, response actions when criteria are exceeded, and 
monitoring and reporting requirements. The EPA’s preference is to set outcome conditions. 

 Management plan conditions: generally relating to the ‘minimise’ and ‘rehabilitate’ part of 
mitigation, such as ‘minimise impacts as far as practicable’, and include requirements related 
to an EMP (either to implement, or prepare and implement). These provisions include 
management actions and targets and monitoring and reporting requirements. 

 Prescriptive conditions: specifically state required actions, such as actions to minimise noise 
impacts on marine fauna from pile-driving. 

 Conditions may also include other options, such as undertaking a baseline survey as a 
reference for proposed monitoring and performance evaluation. 

◼ Offset conditions, to counter-balance any significant residual impact. 

◼ The EPA’s report and recommendations are made publicly available on the EPA’s website. 

◼ Any person may lodge an appeal with the Minister against the content and recommendations in an 
assessment report. 

◼ Stage 4 ends when the Minister causes the EPA’s assessment report to be published. 

Stage 5 Decision on proposal and implementation of proposals (s. 45 to s. 48) 

◼ The Minister for Environment considers the EPA’s report and any public appeals before determining, 
in consultation with other Ministers, whether the proposal should be allowed to proceed, and if so, 
under what conditions. 

◼ If the Minister for Environment determines that a proposal may be implemented, a Ministerial Approval 
Statement is issued under s45(5) of the Environmental Protection Act 1986. This sets out the 
conditions and procedures that the proponent must adhere to during the project implementation. 

Any proponent who disagrees with the conditions and procedures may, within 14 days of publication 
of the statement under s. 45(5), lodge an appeal with the Minister. 

◼ Once a proposal has been approved and a Ministerial Approval Statement is issued, the proponent is 
required to ensure that implementation of the proposal is carried out in accordance with the 
implementation conditions, including any Environmental Management Plans required as a condition. 

− Changes to proposals after s. 45(5) statement has been issued (s. 45C) 

Proponents may, after consulting with relevant stakeholders, request a change to a proposal 
by writing to the Minister using the Instructions and Checklist: Preparing a Section 45C 
Request. These changes may relate to a change in the key proposal characteristics (e.g. 
further vegetation clearing, change to operational envelope or increased emissions).  
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◼ If the changes do not represent a significant detrimental effect additional to (or different from) 
the original proposal, the Minister may approve the change without referring a revised proposal 
to the EPA, publish the decision to approve, and update the Ministerial Statement accordingly. 

− Changing implementation conditions (s. 46) 

◼ If the Minister considers that the implementation condition(s) relating to a proposal should be 
changed, the Minister may request that the EPA inquire into and report on the matter. This may 
be initiated by any person. 

◼ The EPA provides a report to the Minister including a recommendation on whether or not the 
implementation conditions should be changed and any other recommendations. This is made 
publicly available on the EPA website and is not appealable (although the proponent may 
appeal the agreed conditions). 

◼ The DWER monitors compliance with the Ministerial Approval Statements issued under the EP Act. 
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APPENDIX B: Technical Assessment of Ecological 
Effects of Detonations in the Marine Environment 
 

 

 

Note: Appendices D and E of this EPA Referral supporting document are the same as Appendices A and B 
of the Technical Assessment of Ecological Effects of Detonations in the Marine Environment 
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Executive Summary 
The Proposal 

The Department of Defence (Defence), on behalf of the Royal Australian Navy (RAN), propose to establish 
underwater training ranges (UTRs) in the existing gazetted waters adjacent to the Swanbourne 
(approximately 10 km west of Perth) and Lancelin Defence Training Areas (LDTA) (approximately 130 km 
north of Perth) (Figure 2-1) to facilitate ongoing training of personnel in a range of underwater demolition 
operations (the Proposal). The purpose of this report is to evaluate the potential effects on the marine 
environment resulting from the shockwave, sound and vibration created during each detonation event and 
the potential for cumulative ecological effects to accrue due to the ongoing repetition of the training program 
over time. 

There is no permanent infrastructure associated with the Proposal. Instead, it is proposed to vary the location 
of the Training Footprint (a 10 x 10 m area which will be used for exercises) within the proposed Operational 
Envelope at each UTR. The Training Footprint would be located over bare sand / sparse seagrass (<25% 
vegetative cover), as far away as practicable from any nearby seagrass meadows or limestone reef (at least 
25 m at Swanbourne and 50 m at Lancelin). In seasons where areas meeting this siting criteria cannot be 
located at Swanbourne, all training will be held at Lancelin. The Operational Envelopes extend approximately 
3 km offshore to a water depth range of 14-16 m. Within the Training Footprint, a re-useable breaching 
structure affixed to a buoy would be suspended within the water column, and charges would then be 
attached to the structure by divers. Detonations would occur at least 1 m above the seafloor, and typically at 
a depth 8 m (water depth permitting). This provides the flexibility to move the Training Footprint within the 
Operational Envelope to accommodate different training requirements, adapt to changing environmental 
conditions, and minimise the potential for cumulative impacts upon the receiving environment. 

Relatively small (up to 500 g, but more commonly 100-250 g) detonation charges are proposed for use at 
Swanbourne, with a focus on training for dive skills and the technical aspects of deployment of underwater 
charges. Larger charges (up to 5 kg) would be used at Lancelin, with a focus on targeting and testing 
detonation effect. The proposed UTRs would be used for an average of two to three training exercises per 
year. Each exercise would last a maximum of two days, with up to five detonations per day. There would be 
no more than 10 days of training exercises per year at each facility. 

Physics of underwater shockwaves and noise 

In an underwater detonation, the solid oxygen-containing detonation materials are rapidly converted into 
gases, with energy released as pressure, heat, light and sound. The high detonation velocity creates a 
shockwave which propagates into the surrounding water. This initial shock wave is characterised by a rapid 
rise-time to a very high maximum pressure pulse followed by a rapid decrease in pressure. Depending on 
the depth of the detonation, the primary pulse may be followed by a strong negative pressure phase and a 
succession of bubble pulses. The negative pressure phase is very pronounced in shallow waters due to 
surface reflection of the shock wave. 

There are four principal pressure waves: the primary (compressive) wave, surface-reflected (rarefaction), the 
bottom-reflected wave and the bottom-transmitted wave. In near-shore environments, detonation 
shockwaves are rapidly distorted by irregular substrate topography and surface-reflections producing 
complex constructive and deconstructive interference patterns. The actual waveform experienced by a 
receiver is a product of: the depth of the receiver, detonation and water; surface roughness; substrate type 
and seabed environment; and the distance of the receiver from the detonation.  

Sounds made by detonations are termed as impulsive (or pulse) sounds. They are brief, broadband, and 
characterised by a rapid rise-time to a maximum pressure followed by a decay that may include oscillating 
pressures. Like the shockwave, sound propagates along multiple transmission routes, and the received 
sound level is dependent on the physical characteristics of the water column, surface, and bottom as well the 
location of the source and receiver relative to each other and the environment. 

Mechanism of injury 

Both the shockwaves and high-amplitude soundwaves produced by an underwater detonation have the 
potential to impact on marine fauna. These impacts may include (in order of decreasing severity): lethal 
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injury and catastrophic organ trauma (causing immediate or delayed mortality), permanent hearing loss, 
recoverable trauma and loss of consciousness, physiological and developmental changes, temporary 
hearing loss, and behavioural disturbance. The extent of impacts will depend on the properties of the sound, 
distance from the source, received sound level, type and duration of exposure, hearing sensitivity of the 
receptor, and the context of the exposure (e.g. during feeding or breeding activities, whether prior exposure 
has caused habituation or sensitisation). 

Marine fauna varies greatly in their susceptibility to injury from underwater detonations according to their 
size, weight, species physiology. Organs with air/tissue interfaces (e.g. lungs, swimbladder, gastrointestinal 
tracts, ears) are the most seriously affected. Small animals are typically more susceptible to barotrauma than 
large ones.  

Summary of estimated impacts 

Many models have been developed to predict lethal ranges for marine fauna from underwater detonations, 
using the various components of the shockwave. Where possible, this report has used the predictive 
equations developed by Young (1991) for unconfined, free-field detonations. These equations are 
summaries, based on complex physical-biological computer models, and are considered to be conservative 
in avoiding serious injury and harassment. However, while technically correct, the equations do not cover all 
environmental conditions and are advised for preliminary planning only. Sound thresholds for fish (Popper, et 
al., 2014) and mammals (Southall, et al., 2019) have been utilised as appropriate/available. Table ES-0-1 
provides a summary of the safe distances that have been estimated for the proposed charges at 
Swanbourne and Lancelin. 

Table ES-0-1  Summary of estimated impact and safe distances 

Type of 
impact 

Metric and 
criterion 

Applies 
to 

Range (m) Supporting literature 

Notes Swanbourne Lancelin 

Benthic communities and habitat (BCH) (were the detonation to occur on the seafloor) 

Seabed 
crater 
diameter 

 BCH 0.22 0.48 Based on O’Keeffe and Young (1984, cited 
in Lewis, 1996).  

Predicted impact, were the detonation to 
occur on the seafloor, at a detonation depth 
of 4 m. Actual impact (if any) will be less due 
to a minimum 1 m distance from seafloor). 

Benthic 
disturbance 

BCH 0.44 0.96 

Invertebrates 

90% 
Survivability 
radius 

NA. 

 

Crabs 22 48 Based on Young (1991).  

Values reflect the estimate based on most 
sensitive invertebrate species in the literature 
(crabs).  

Fish 

90% 
Survivability 
radius 

 

NA.  

 

Fish 
without 
SWB 

1.2 2.5 Based on Young (1991) for fish without 
swimbladders (SWB). 

Mortality 
threshold 

40 psi 
(276 kPa) 
(peak 
pressure) 

229 dB re 
1 μPa 
(SPLpeak) 

All fish, no 
size 
discrimina
tion 

91 197 Hubbs and Rechnitzer (1952); Popper et al., 
2014.  

Values reflect the guidelines for fish based 
upon a single detonation from dynamite (or 
similarly small charge). Suggested by 
multiple authors as a conservative threshold 
to estimate fish mortality. 
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Type of 
impact 

Metric and 
criterion 

Applies 
to 

Range (m) Supporting literature 

Notes Swanbourne Lancelin 

90% 
Survivability 
radius 

NA 

 

Fish with 
SWB  

(1 g fish) 

148 281 Based on Young (1991). 

Swimbladder oscillation method. Values 
reflect the maximum estimate for a 1 g fish 
based on a detonation depth of 8 m.  

Potential 
internal 
injury  

100 kPa 
peak 
pressure 

All fish, no 
size 
discrimina
tion 

225 484 Based on Wright & Hopky (cited in Popper et 
al., 2014). 

Values reflect Canadian guidelines.  

Marine mammals 

No injury 
radius (m) 

NA 

 

Dolphin 
calf 

198 377 Based on Young (1991). 

Cube-scaling method based on complex 
physical-biological computer models. Values 
reflect the estimate based on most sensitive 
fauna group in the literature (dolphin calf).  

Marine turtles 

Mortality 
(and 
potentially 
mortal injury) 
threshold 

40 psi 
(276 kPa) 
(peak 
pressure) 

229 dB re 
1 μPa 
(SPLpeak) 

Turtle 91 197 Based on Baker (2008); Hubbs and 
Rechnitzer (1952); Popper et al., (2014). 

Values reflect the guidelines for fish based 
upon a single detonation from dynamite (or 
similarly small charge). 

No injury 
radius (m) 

NA 

 

Turtle 196 422 Based on Young (1991). 

Cube-scaling method (as a satisfactory 
biological model has not been developed). 
Considered very conservative in avoiding 
serious injury (Baker, 2008). 

Birds 

No appropriate metrics or safe distance calculations have been found for birds. They are expected to have any 
impacts mitigated through fauna observation protocols during training exercises 

 

It is predicted that potential impacts to the benthic habitat and marine fauna from detonations during training 
will amount to minor temporary disruption of very limited spatial extent and therefore do not pose a 
substantive risk to marine fauna within the Project area. While impacts to benthic habitat, marine 
invertebrates, and fish will be unavoidable, appropriate management would be anticipated to manage the 
residual significance of impacts; and mortalities arising from the Proposal are not considered to be significant 
at the local and regional population levels given the small number of training exercises and flexibility of the 
Training Footprint location. With appropriate management, impacts to larger fish, marine mammals, turtles, 
and birds should be largely avoidable.  

The spatial flexibility of training locations and low number of events anticipated over each year are not 
anticipated to represent a cumulative contribution to long term effects in the project area. 
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Acronyms and abbreviations 
Acronym / 
Abbreviation 

Definition 

µm micrometres 

µPa micro Pascal 

µPa2s micro Pascals squared per second 

ADF Australian Defence Force 

AUSCDT Australian Clearance Diving Team 

BCH benthic habitats and communities 

BIA Biologically Important Area 

dB Decibel 

EPBC Environment Protection and Biodiversity Conservation Act 1950 (Commonwealth) 

EFD energy flux density 

FHPA Fish Habitat Protection Area 

Ft Feet 

HF high-frequency cetaceans (related to hearing) 

HMX Octogen 

Hz Hertz 

ISO International Standards Organisation 

kHz kilo Hertz 

LD lethal dose 

LDTA Lancelin Defence Training Area 

LF low-frequency cetaceans (related to hearing) 

M metre 

m/s2 metres per second squared 

Mm millimetre 

Nm nanometre 

NMFS National Marine Fisheries Service (a United States federal agency) 

OCA other marine carnivores in air (related to hearing) 

OCW other marine carnivores in water (related to hearing) 

Pa Pascal 

PCA phocid carnivores in air (related to hearing) 

PCW phocid carnivores in water (related to hearing) 

Pm picometre 

PTS permanent threshold shift 

PSI pounds per square inch 

RAN Royal Australian Navy 

RDX Cyclonite 

REF Relative Effectiveness Factor 

RL Received Level 

RMS (or rms) Root-mean-square 

SASR Special Air Service Regiment 

SEL Sound Exposure Level 
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Acronym / 
Abbreviation 

Definition 

SI sirenians (manatees and dugongs) (related to hearing) 

SL Source Level 

SPL Sound Pressure Level 

spp. species 

TL transmission loss 

TNT Trinitrotoluene 

TTS temporary threshold shift 

UTR underwater training range 

VHF very-high frequency cetaceans (related to hearing) 

WA Western Australia 

WRL Western Rock Lobster 
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Glossary 
Term Description 

amplitude wave displacement from rest to crest. It is a measure of the energy or loudness of a wave, and 
the higher the amplitude, the higher the energy of the wave.  
Longitudinal waves (such as pressure and soundwaves), produce compression (increased 
pressure) and rarefaction (reduced pressure) as they travel through a medium. Wave 
amplitude refers to the distance between particles of the medium where it is being compressed 
or refracted by the wave. 

audiogram graphic representation of hearing ability, showing the audible thresholds (hearing sensitivity) 
for standardised frequencies 

barotrauma tissue injury from a rapid change in pressure 

Biologically 
Important Area 
(BIA) 

Biologically Important Areas (BIA) are areas where individuals of a regionally significant 
species are known to aggregate and display biologically important behaviours such as feeding, 
breeding, resting and migration. 

bioturbation  reworking of sediments by living organisms 

bubble pulse a bubble pulse is created by the expansion and contraction of the gaseous reaction products of 
the detonation. At sufficient depth, hydrostatic pressure prevents the expanded gases (bubble) 
from rising in the water column and forces the bubble to contract. When the bubble reaches a 
minimum diameter it releases a small shock wave (the first bubble pulse, which is effectively a 
second detonation) and begins to expand again. 

broadband noise whose energy is distributed over a wide section or the whole of the audible range. 

cavitation region bounded area around a detonation in which rarefaction waves have formed partial vacuums 
(pressures below -1 atmosphere (-101 kPa), creating small bubbles of negative pressure 
(cavitation bubbles). 

cetacean family of large aquatic mammals, such as whales, dolphins, and porpoises 

Cumulative Sound 
Exposure Level 

the accumulation of sound energy from repeated impulsive sounds. Represented as SELcum, 
Cumulative Sound Exposure is the linear summation of the individual sound events over the 
time period of interest. 

detonation in an underwater detonation, the velocity and gas expansion are faster than the speed of 
sound creating a spherical pressure wave, termed the shockwave or primary pulse, which 
propagates into the surrounding water. This initial shock wave is characterised by a rapid rise-
time to a very high overpressure pulse followed by a rapid decrease in pressure. 

detonation velocity rate at which a blasting agent ignites 

direct direct effects deal with the direct impact of one thing on another (clear cause-and-effect). For 
example, injuries, injuries resulting in immediate/near-immediate reduced fitness or death, and 
behavioural changes are direct effects. 

dual criteria refers to the use of two criteria, peak pressure and SEL, in determining damage. RL in 
exceedance of thresholds of either criteria is assumed to cause impact. 

duration length of a sound, generally in seconds. Duration is important because it affects various 
acoustic metrics, including mean-square and/or RMS sound pressure 

Energy flux density 
(EFD) 

time integral of the squared pressure divided by the impedance. Units are in dB re 1 μPa2•s 

fitness ability to survive to reproductive age, find a mate and produce offspring. Decreased fitness can 
subject an animal to an increased risk of infection, disease or predation. 

free-field free-field refers to a large, open body of water where only the bottom and surface boundaries 
reflect pressure waves. Free-field conditions form the basis of most underwater detonation 
models. 

frequency number of wavelength cycles per second. Units are in Hertz (Hz). 

frequency- 
weighting 

measure (as a single number) of sound pressure or energy in a specific frequency band of 
sound, with emphasis or de-emphasis on particular frequencies as a function of the relative 
sensitivity of a specific receiver.  

impulse 1. (shockwave metric) time integral of pressure through the waveform, expressed in Pascal 
seconds (Pa·s) or other pressure/time units (e.g. psi-ms); or 

2. (sound type) see pulse. Also termed an impulsive sound. 
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Term Description 

indirect indirect effects are when the effect is mediated or transmitted through another (a cause-and-
effect which has a further effect). For example, behavioural changes which lead to decreased 
fitness or death, or decreased fitness which leads to death, are considered indirect effects.  

infauna animals living in the sediments of the ocean floor  

haemolymph circulatory fluid in invertebrates, analogous to the blood in vertebrates. It transports oxygen, 
waste and nutrients and mediates immune response, and is used as an indicator of health and 
stress. 

hearing (auditory) 
threshold 

is most commonly measured by behavioural or electrophysiological responses and is defined 
as the SPL of the quietest sound audible in some percentage of experimental trials. In air, 
measurements are often conducted in specially constructed sound chambers. When that is not 
possible, tests must be conducted in low background noise conditions to yield meaningful 
threshold data. 

high-explosive high-explosives (e.g. RDX, HMX, TNT, dynamite) have a high detonation velocity and attain a 
high peak pressure with a near-instantaneous rise-time. 

high-frequency 
cetacean 

cetaceans which hear best at high-range frequencies. Most odontocetes (most delphinid 
species (e.g., bottlenose dolphin, common dolphin, and pilot whale), beaked whales, sperm 
whales, and killer whales). 

hydrostatic pressure water pressure. Hydrostatic pressure increases with increasing water depth. 

LD10 exposure level (or “lethal dose”) which kills 10% of the test population. 

LD50 exposure level (or “lethal dose”) which kills 50% of the test population. Also called 50% 
mortality. 

low-explosive low-explosives (e.g. black powder) burn rather than detonate and have a slow burn velocity 
with a relatively slow rise-time and peak pressure. 

low-frequency 
cetacean 

cetaceans which hear best at lower frequencies. Includes all mysticetes. 

masking (auditory) partial or complete reduction in the audibility of signals due to the presence of interfering noise 

maximum sound 
pressure (Pmax) 

absolute value of the instantaneous sound pressure during a specified time interval. It is not an 
averaged pressure. It is particularly important for characterising pulses. 

M-weighting generalised frequency weightings for various groups of marine mammals, allowing for their 
functional bandwidths and appropriate in characterizing auditory effects of strong sounds 

mysticetes refers to whales which feed using a filtering structure composed of baleen plates. Also known 
as baleen whales. 

non-pulse continuous (or non-pulse) sounds may be brief and atonal, but lack the rapid rise-time of ‘pulse’ 
sounds. Examples include the sound produced by drilling activities or marine vessels. 

oceanic relating to water above the bathyal, abyssal and hadal zones 

Odontocetes refers to cetaceans with teeth. Also known as toothed whales 

overpressure water overpressure is the sudden increase in water pressure from ambient pressure caused by 
an underwater detonation (i.e. compression) 

particle motion acoustic particle motion is the movement of an infinitesimal part of a medium relative to the 
medium as a whole. Unlike pressure, particle motion is directional. 
Particle motion levels can be given as rms or peak values expressed in dB with respect to a 
reference value of displacement, velocity, or acceleration.  

peak levels peak sound pressure (or particle motion) is the maximum absolute value (either positive or 
negative) of the instantaneous sound pressure (or motion) during a specified time interval and 
is properly denoted as p max. Peak is a useful metric for characterizing impulsive sounds. 
Peak-to-peak is the difference between the absolute value of the maximum negative and 
positive instantaneous peaks of the waveform. Positive and negative peak pressures may have 
different effects – negative pressures result in expansion and cavitation while positive 
pressures result in compression. 

peak pressure peak pressure is commonly used to measure maximum positive pressure or peak amplitude of 
impulsive sources 

Peak-to-peak sound 
pressure 

algebraic difference between the maximum positive and maximum negative peak pressure 

pelagic open ocean, neither close to the bottom nor near the shore 
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Term Description 

Permanent 
Threshold Shift 
(PTS) 

permanent elevation in hearing threshold (i.e., an unrecoverable reduction in hearing 
sensitivity). PTS can occur from a variety of causes, but it is most often the result of intense 
and/or repeated noise exposures 

phocid member of family Phocidae, the earless or ‘true’ seals 

Pinniped seals and sea lions 

polychaete a group of annelid worms, generally marine. Commonly called bristle worms. 

pulse brief, broadband, atonal, transient sound.  Examples of pulse sounds are detonations, 
gunshots, sonic booms, seismic airgun pulses, and pile driving strikes. Pulse sounds are 
characterised by a relatively rapid rise from ambient pressure to a maximal pressure value 
followed by a decay period that may include a period of diminishing, oscillating maximal and 
minimal pressures.  

rarefaction wave rarefaction is a reduction in density (opposite of compression).  

Received level (RL) sound level actually experienced by the receiver 

Relative 
Effectiveness 
Factor 

relates a charge’s demolition power to an equivalent mass of TNT; values greater than 1 
indicate charges that are more powerful than an equivalent weight of TNT. 

rise time time taken to reach the maximum pressure or “overpressure” 

Root-mean-square 
(RMS) 

measure of average effective amplitude over the duration over an impulsive signal. RMS is the 
square root of the mean squared pressure over the duration of the waveform 

shockwave a pressure front moving faster than the speed of sound. The shockwave of a detonation is 
characterised by a rapid rise-time to a very high overpressure pulse followed by a rapid 
decrease in pressure. 

sirenian manatees and dugongs 

sound a vibration that typically propagates as an audible wave of pressure, through a transmission 
medium such as a gas, liquid or solid. In animal physiology, sound is the reception and 
perception of such waves. 

sound exposure the integral, over time, of squared sound pressure. The SI unit of sound exposure is the pascal 
squared second (Pa2·s). 

Sound Exposure 
Level (SEL)* 

Sound Exposure Level is a logarithmic measure of the sound exposure of a sound relative to a 
reference value.  

sound intensity average amount of energy passing through a unit area per unit time 
 

Sound Pressure / 
Sound pressure 
levels (SPLs) 

difference between the pressure caused by the soundwave and the ambient pressure - can be 
thought of as the ‘loudness’ of the sound. Its metrics include RMS sound pressure, peak sound 
pressure, and sometimes particle motion. Underwater sound pressure levels (SPLs) are 
typically given in decibels (dB) with respect to a reference sound pressure value of 1 micro 
Pascal (µPa) (dB re: 1 µPa). 

Source level (SL) received level at 1 m from the source. 

statocyst principle balance sensory organ (a sac enclosing sensory hairs) in some aquatic invertebrates, 
including molluscs, bivalves, cnidarians, cephalopods and crustaceans. 

Temporary 
Threshold Shift 
(TTS) 

reversible elevation in hearing threshold (i.e., a non-permanent reduction in hearing sensitivity) 
most commonly resulting from noise exposure 

vasodilation widening of the blood vessels; may be observed as abnormal pink colouration of the skin. 

velocity how fast the displacement of the wave is moving (speed of propagation) 

high-frequency 
cetacean 

cetaceans which hear best at very high frequencies. Odontocetes specialized for use of very 
high frequencies, (true porpoises, most river dolphin species, pygmy/dwarf sperm whales, and 
some oceanic dolphins). 

wavelength distance between identical points in a wave cycle (to form one complete wave cycle), e.g. 
distance from crest-to-crest, from mid-compression to mid-compression. It is often represented 
by the character λ 
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1 Introduction 
The Department of Defence (Defence), on behalf of the Royal Australian Navy (RAN), propose to establish 
underwater training ranges (UTRs) in the existing gazetted waters adjacent to the Swanbourne and Lancelin 
Defence Training Areas to facilitate ongoing training of personnel in a range of underwater detonation 
operations (the Proposal). 

The purpose of this report is to evaluate the potential effects on the marine environment resulting from 
shockwave pressure, sound and vibration created during each detonation event and the potential for 
cumulative ecological effects to accrue due to the ongoing repetition of the training program over time. In 
estimating the potential impact distances for marine fauna, this report has largely focused on the shockwave 
component of an underwater detonation as it provides for more robust and conservative predictions. 

2 The Proposal 
Defence is proposing to develop UTRs in the waters adjacent to the Swanbourne and Lancelin Defence 
Training Areas to facilitate local training of special forces troops and support training for the WA Police force 
and other interstate/international forces in underwater demolitions.  

For training exercises, it is proposed to use high-explosive charges (see Section 4.1.1), detonated under 
open-water conditions (i.e. detonations occur within the water column). A re-useable breaching structure 
affixed to a buoy would be suspended within the water column, and charges would then be attached to the 
structure by divers. Detonations would occur at least 1 m above the seafloor, and typically at a depth 8 m 
(water depth permitting). Relatively small (up to 500 g, but more commonly 100-250 g) charges are proposed 
for use at Swanbourne, with a focus on training for dive skills and the technical aspects of deployment of 
underwater charges. Larger charges (up to 5 kg) would be used at Lancelin, with a focus on targeting and 
testing detonation effect.  

There is no permanent infrastructure associated with the Proposal. Instead, it is proposed to vary the location 
of the Training Footprint (a 10 x 10 m area which will be used for exercises) within the proposed Operational 
Envelope at each UTR (described in Section 3) (Figure 2-1). The Training Footprint would be located over 
bare sand / sparse seagrass (<25% vegetative cover), as far away as practicable from any nearby seagrass 
meadows or limestone reef (at least 25 m at Swanbourne and 50 m at Lancelin). This provides the flexibility 
to move the Training Footprint within the Operational Envelope to accommodate different training 
requirements, adapt to changing environmental conditions, and minimise the potential for cumulative impacts 
upon the receiving environment.  

The proposed UTRs would be used for an average of two to three training exercises per year. Each exercise 
would last a maximum of two days, with up to five detonations per day. There would be no more than 10 
days of training exercises per year at each UTR.  

A summary of the defining operational criteria for each site is identified in Table 2-1 below. 

Table 2-1.  Key operational criteria for Underwater Training Ranges 

Element Proposed extent 

Physical elements  

Both Facilities 100 m2 Training Footprint (10 m x 10 m), located within the Operational Envelope. 

Detonations at least 1 m above the seafloor, and typically at a depth 8 m (water depth permitting). 

Two temporary buoys, one at detonation site and second at a stand-off distance for vessel 
mooring. 
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Element Proposed extent 

Operational elements  

Both Facilities Average of two to three training exercises per year. Each exercise would last a maximum of 2 
days with 3 to 5 detonations per day. No more than 10 days of exercises per year at each UTR. 

Swanbourne  Maximum charge used in any single detonation will be 500 g, but more commonly 100-250 g. 

Lancelin  Maximum charge used in any single detonation will be up to 5.0 kg. 

2.1 Proposal justification 
Currently, there are no appropriate training facilities in WA, and instead members of the Australian Defence 
Force (ADF) (including the Australian Clearance Diving Team (AUSCDT) and Special Air Service Regiment 
(SASR) travel interstate or overseas for training, adding to the logistic and cost burden. Underwater training 
exercises were conducted at Rottnest and Garden Island in the late-1980s to early-1990s, however these 
areas are no longer available. In Australia, underwater demolitions training is currently conducted at the RAN 
Diving School at HMAS Penguin (New South Wales) or at Triangular Island, Shoalwater Bay (Queensland). 

The lack of training facilities on the west coast of Australia presents a significant capabilities gap and does 
not enable realism, variety and flexibility in training to address current and future operational requirements. It 
is intended that UTRs are developed at Swanbourne and Lancelin to facilitate local training of special forces 
troops. These UTRs will also provide a facility for the training of WA Police force and other 
interstate/international forces as appropriate. 

The primary option under consideration is the use of the Swanbourne and Lancelin gazetted Defence 
Practice Areas. This ensures that the facilities are located within areas under the jurisdiction of Defence, 
currently gazetted for training, and are also within two hours travel time of a medical surgical hospital, to 
meet safety criteria for the training proposed. It is acknowledged that whilst Swanbourne has the advantage 
of being close to Campbell Barracks there are clear size limitations as to the charges that can be used at 
Swanbourne due to the suburban nature of the area when compared to the more remote Lancelin facility.  

Relatively small charges (0.5 kg or less) will be used at Swanbourne UTR where the primary focus will be on 
training for dive skills and technical aspects associated with the deployment of underwater charges. Larger 
charges (up to 5 kg) will be used at the Lancelin UTR for targeting and testing of detonation effect. Charges 
proposed for use at both sites are smaller than those used during actual demolitions. Scenarios have been 
considered to consolidate all functions at one site, but both sites are referred for operational flexibility and to 
avoid dependence on a single training site.  

An alternative arrangement is the practise of ‘dry or dummy runs’ where dummy charges are set with no 
detonation. However, the learning outcomes from this are considered minimal as the operators would not 
observe the effect of the detonation. A second alternative is the use of a natural or man-made lake. 
However, this is not as realistic as the ocean and fresh water affects diving buoyancy. 
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3 Proposed Underwater Training Sites 
Both sites are classified by Defence as “smaller” training areas and are focused on independent training 
requirements of Navy, Army and Air Force and other unique capability requirements (Department of 
Defence, 2017b). Defence manages approximately 100 training areas located in all states and territories. 
The majority are Commonwealth owned, with some portions and land parcels being leased. The largest 
training areas, ‘Category 1’ training areas, are typically used for joint service and multinational training 
operations with the potential ability to support live fire training from land, air and sea. Other training areas 
training areas have a primary function to support the single service training with “potential” (Category 2) and 
“limited potential” (Category 3) for combined training activities.  Lancelin is categorised as a Category 2 and 
Swanbourne as a Category 3 training facility (Department of Defence, 2017b).  

3.1 Swanbourne 
The proposed Swanbourne Operational Envelope is demarcated by the boundary of the gazetted waters 
adjacent to the shore-based rifle range at Campbell Barracks, approximately 10 km west of Perth. The 
Operational Envelope includes a 100 m buffer of the Water Corporation’s Subiaco wastewater treatment 
plant ocean outfall pipe, which extends approximately 1 km offshore, and the Subiaco Main Drain, 
approximately 30 m south of the outfall pipe and extending 50 m offshore (BMT, 2018b) (Figure 3-1).  

Activities currently carried out at the barracks includes the use of firing ranges, bulk storage and distribution 
of fuel, vehicle maintenance, ammunition storage, and gun cleaning (Department of Defence, 2017a). During 
any live firing operations, the beach area in front of the barracks is closed to the public, with manned sentries 
to the north and south of the beach (Teal Solutions, 2017). 

The Swanbourne UTR Operational Envelope is approximately 81 m north of the Cottesloe Fish Habitat 
Protection Area (FHPA) and 7.3 km south of Marmion Marine Park. The area is popular for recreational 
shore-fishing and has seasonal distribution and migration routes for whales, including calves in the late 
winter through to early summer (Department of the Environment and Energy, 2015).  

3.2 Lancelin 
The proposed Lancelin Operational Envelope is the gazetted waters adjacent to the Lancelin Defence 
Training Area (LDTA), truncated to the boundary of the State Jurien Bay Marine Park and the limit of mapped 
benthic habitat (EOMAP, 2019), which is approximately 3 km from shore and 16 m deep (Figure 3-2). 

The LDTA is a coastal dune area approximately 130 km north of Perth used as a naval gunnery range, air 
bombing range, and for navy clearance diver training, army engineer and other training. It has also been 
used for SASR and counter-terrorism training. The naval and air ranges have often been used by other 
Nations armed forces. The sea area adjacent to the Lancelin Range is used by the RAN and allied naval 
elements for training purposes. The RAN also practises live fire gunnery from ship to shore at Lancelin. The 
site is located approximately 17 km north of the Lancelin town, and approximately 8 km south of Wedge 
Island. 

Lancelin is a popular destination for fishing, surfing, boating and diving and there are sea lions and dolphins 
in the vicinity with seasonal use by whales (Teal Solutions, 2017). This section of coast is characterised by 
limestone outcrops and sandy bays and seagrass meadows protected by an offshore reef system (DA Lord 
& Associates, cited in Teal Solutions, 2017). The Lancelin UTR Operational Envelope adjoins the southern 
boundary of the State Jurien Bay Marine Park, with seagrass and macroalgae communities providing 
important habitat and nursery areas for invertebrates and finfish (Department of Conservation and Land 
Management, 2005). Approximately 5 km southwest of the proposed Lancelin Operational Envelope is the 
Lancelin Island Lagoon FHPA, comprising reef and seagrass habitat extending west of the island, managed 
for the conservation and protection of fish and their breeding areas (Fisheries WA, 2001). Lancelin and 
Edward Islands (approximately 800 m offshore from Lancelin) are Class A reserves, linked by intertidal and 
sub-tidal reef platforms hosting over 200 flora and fauna species (Fisheries WA, 2001). 
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4 Physics of underwater detonations 
Underwater detonations are conducted for a multitude of purposes, such as rock excavation and channel 
creation, and structure demolition. The science of the physical and chemical effects of detonations 
underwater is well understood and extensively documented. However, the propagation of the pressure and 
sound waves generated by the detonation are complex, owing to difficulties in modelling variable underwater 
environments. This section is not intended as an exhaustive review of the physics of underwater detonations; 
its purpose is to provide enough contextual information to support the discussion of the effects of underwater 
detonation pressure and acoustic waves upon the marine environment, especially marine fauna, in 
Section 5. 

In this section, the general principles of underwater detonation physics are described with respect to the 
detonation process (Section 4.1), the propagation of shock waves and bubble pulses (Section 4.2), and the 
nature of sound and pressure (Section 4.3). Section 4.3 also provides an overview of received sound – how 
sound is heard and how sound is measured (metrics). These principles and metrics underpin the discussion 
of potential impacts of underwater detonations on the marine environment in Section 5. 

4.1 Detonation process 
The majority of materials used in underwater detonations contain oxygen within relatively unstable chemical 
compounds (Continental Shelf Associates, Inc., 2004; Teal Solutions, 2017). When the detonation is 
initiated, the solid detonation material is rapidly converted into more stable compounds (usually gases, 
comprising carbon dioxide, water vapour and nitrogen) and energy is released as pressure, heat, light and 
sound.  

Energy is released by detonation or deflagration (burning). In a detonation, the velocity and gas expansion 
are faster than the speed of sound (supersonic) creating a spherical pressure wave, termed a shockwave or 
primary pulse, which propagates into the surrounding water (Koschinski, 2011; Popper, et al., 2014). This 
initial shock wave is characterised by a rapid rise-time to a very high maximum pressure or “overpressure” 
pulse followed by a rapid decrease in pressure (see Figure 4-1 and Section 4.1.1) (Continental Shelf 
Associates, Inc., 2004; Koschinski, 2011). Depending on the depth of the detonation, the primary pulse may 
be followed by a strong negative pressure phase and a succession of secondary pulses from bubble 
oscillations of the gaseous reaction products (see Figure 4-1 and Section 4.2.1) (Koschinski, 2011). 
Deflagration is a slower energy release which occurs without the rapid expansion of a detonation pressure 
wave (Continental Shelf Associates, Inc., 2004). 
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Figure 4-1.  Typical pressure-time signature of an underwater detonation showing the initial shockwave followed 

by bubble pulses in deep water (Koschinski, 2011 (modified from Urick 1967)) 

The effects of heat are negligible beyond a short distance from the blast (less than ten times the charge 
diameter) (Continental Shelf Associates, Inc., 2004). The main sources of impact from a detonation are from 
the shock wave and expansion/contraction of the gaseous reaction products (i.e. bubble) (Continental Shelf 
Associates, Inc., 2004) (Section 4.2). 

4.1.1 Detonation materials 
Detonation materials are sometimes described as high-or low-explosives depending on their detonation 
velocity.  

High-explosives (such as cyclonite (RDX), octogen (HMX), trinitrotoluene (TNT) and dynamite) have a 
detonation velocity of 5,000 to 10,000 m/s and attain peak pressure with a near-instantaneous rise-time of 
approximately 20 microseconds and a pulse duration of 0.2 to 0.5 milliseconds (Continental Shelf 
Associates, Inc., 2004). The result is a compressive wave with a very steep initial shock and high amplitude 
which produces high negative pressures (Hubbs & Rechnitzer, 1952). Rise-times, negative pressures and 
peak pressures are important contributors to potential pressure-related injuries in marine fauna. Low-order 
detonations, where detonations have a reduced shock wave (either by design or malfunction) are not 
considered a viable alternative as generally over 25% of the material remains unreacted and can release 
toxic constituents to the environment (Koschinski, 2011). 

Low-explosives (such as black powder) burn rather than detonate and have a slow burn velocity with a 
relatively slow rise-time and peak pressure (Continental Shelf Associates, Inc., 2004).  

It is proposed that the training exercises use high-explosive charges, detonated under open-water 
conditions. In estimating the potential impacts, it is important to note that much of the experimental 
measurements and resultant formulae relate to TNT, due to its historical and ongoing use (Soloway & Dahl, 
2014). The impacts from other forms of high-explosives (e.g. RDX, HMX) can be predicted by applying a 
Relative Effectiveness Factor (REF) (a charge-dependent coefficient) to the formulae to give a TNT-
equivalent charge weight (Soloway & Dahl, 2014; Teal Solutions, 2017). This report has used a Relative 
Effectiveness Factor (REF) of 1.37, equivalent to RDX-based charges with the highest equivalent demolition 
power of the proposed charges (Teal Solutions, 2017). This gives a maximum TNT-equivalent charge weight 
of 0.685 kg at Swanbourne and 6.85 kg at Lancelin. 



 

Project number EST04718 File Technical Assessment of Ecological Effects_Rev0.docx, 2020-04-06 Revision 0  17 

4.2 Shock wave propagation 
This section provides a brief overview of the general physics principles of shock wave propagation and 
bubble pulses in an ocean environment and illustrates the complexity of factors involved in predicting the 
waveform experienced by a receiver at varying distances from a detonation.  

4.2.1 Direct Primary waves and bubble oscillations 
As described in Section 4.1 above, an underwater detonation comprises a spherical initial shockwave of 
positive (compressive) pressure, rapidly followed by a negative (expansive) pressure phase and a 
succession of oscillating bubble pulses, with each pulse creating positive and negative pressure (see Figure 
4-2).  

A bubble pulse is created by the expansion of the gaseous reaction products of the detonation. If the 
detonation was small or deep enough in the water column, the gas bubble reaches a maximum diameter 
without breaking the surface and is unable to rise further because it cannot displace the water above it 
(Keevin & Hempen, 1997). As shown in Figure 4-2, the bubble had enough momentum while expanding to 
temporarily extend past the equilibrium point with water which created negative pressure. Once momentum 
is lost, the water pressure forces the bubble to rapidly shrink until it reaches a minimum diameter where the 
bubble now has greater internal pressure than the surrounding water. At this minimum diameter, the bubble 
releases a small shock wave (the first bubble pulse, which is effectively a second detonation) as it begins to 
expand again (Harris, 1988; Keevin & Hempen, 1997). While in a compressed state, the bubble can rise 
rapidly in the water column until it either breaks the surface or its expanding diameter once again prevents it 
displacing the overhead water and the bubble is forced to shrink again. This oscillation of bubble expansion 
and contraction (with episodic, but successively lower amplitude pulses) continues until the bubble finally 
breaks the surface (Figure 4-2) (Keevin & Hempen, 1997; Continental Shelf Associates, Inc., 2004; Popper, 
et al., 2014).  

 
Figure 4-2.  Typical pressure-time signature of an underwater detonation. 

Figure shows the initial shockwave followed by bubble oscillation in deep water, with accompanying 
representation of bubble behaviour. The dotted curve of the bubble depth-time graph represents the position 
of the bubble centre as a function of time, showing that it does not rise steadily like a balloon but ‘jumps’ 
when in a condensed state replacement figure (Costanzo, 2011 (modified from Harris, 1988)). 
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4.2.2 Surface-reflected pulses (rarefaction waves) 
When flat, the air-water interface at the sea surface is a strong reflector of acoustic energy and reflects 
pressure pulses with reversed polarity (due to displacement of the surface) to create a rarefaction wave 
(negative pressure pulse) of almost the same amplitude as the primary wave (Continental Shelf Associates, 
Inc., 2004; Keevin & Hempen, 1997). If the sea surface is rough and containing entrapped bubbles (caused 
by breaking waves), it will reflect sound in different directions and scatter and absorb acoustic energy, which 
reduces the amplitude of rarefaction waves (Continental Shelf Associates, Inc., 2004). Rarefaction waves 
becomes sharply attenuated with distance as the hydrostatic pressure increases with depth (Hubbs & 
Rechnitzer, 1952).  

Rarefaction waves may result in constructive or destructive interference with the original compressive 
shockwave (Continental Shelf Associates, Inc., 2004). For example, if a charge is detonated very close to the 
surface, the compressive wave of the primary shockwave may be cancelled out by the rarefactive wave of 
the surface-reflected pulse. At the other extreme, a detonation at greater depths may result in a surface-
reflected pulse arriving milliseconds after the primary pulse, resulting in a rapid pressure change from 
positive (compression) to negative (expansion) (see Figure 4-3 below) (Baker, 2008; Keevin & Hempen, 
1997; Koschinski, 2011). This sudden change in pressure is particularly damaging to marine fauna with gas-
containing organs (see Section 5.2.1). Between these extremes, partial overlap of the waves results in milder 
constructive or destructive interference. 

 
Figure 4-3.  Typical pressure-time signature of an underwater detonation in shallow water, showing rapid 

pressure change from the surface-reflected pulse (Koschinski, 2011 (modified from Hannay & 
Chapman, 1999)). 

Surface reflection of high-pressure pulses can also result in cavitation, where the pressure of the rarefaction 
wave falls below -1 atmosphere (-101 kPa) which forms partial vacuums in the water within a bounded area 
called the cavitation region (Continental Shelf Associates, Inc., 2004). The vacuums cause water to vaporise 
into small bubbles of negative pressure (cavitation bubbles) which oscillate (producing high-frequency noise) 
and can truncate the rarefaction wave (Continental Shelf Associates, Inc., 2004).  

4.2.3 Bottom-reflected and transmitted pulses  
The bottom surface is not a perfect reflector, and will absorb, reflect, and transmit (refract) energy at different 
levels depending on the substrate. Unlike the surface-reflection, the bottom-reflection is positive as the 
bottom resists yielding to the pressure wave, and its amplitude is less than the primary pressure wave 
(Keevin & Hempen, 1997). 
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The extent to which the seabed will yield and deform (i.e. cratering and ejection of seabed materials) due to 
a detonation is based on the size of the charge, proximity of the detonation to the seabed, and the nature of 
the material forming the seabed. Locating the Training Footprint over areas of bare sand / sparse seagrass 
may potentially result in cratering, but will also allow for the rapid resettlement of displaced sediments 
through natural wave action and nearshore processes (Masselink & Pattiaratchi, 1999; Pattiaratchi, et al., 
1997). It is proposed that detonations would occur at least 1 m above the seafloor, which will minimise 
cratering and other impacts upon the benthic communities and habitats (see Section 5.1). 

4.2.4 Resultant impact on receiving environment 
In summary, there are four principal pressure waves:  

◼ Exponentially-decaying direct (or primary) wave from the detonation 

◼ Surface-reflected wave 

◼ Bottom-reflected wave 

◼ Bottom-transmitted wave 

In deep-water environments (where the surface and bottom are far removed), the direct wave is the 
predominant factor; however, in shallow-water environments the resultant pressure waveform is a product of 
all four waves (U.S. Army Corps of Engineers, 1991). In near-shore environments, detonation shockwaves 
are rapidly distorted by irregular substrate topography and surface-reflections producing complex 
constructive and deconstructive interference patterns (Ketten, 1995).  

The detonations proposed for the UTRs are shallow, unconfined, free-field detonations. The actual waveform 
experienced by a receiver within the proposed UTRs will therefore be related to the: 

◼ depth of the water 

◼ depth of the detonation 

◼ depth of the receiver 

◼ distance of the receiver from the detonation 

◼ roughness of the air-water interface 

◼ seabed environment and nature of the substrate 

◼ bubble pulses 

◼ cavitation effects 

This complexity is illustrated for a surface-receptor in Figure 4-4 below. Similar principles apply to the sounds 
generated by underwater detonations (Section below).  
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Figure 4-4.  Summary of underwater detonation phenomena in relation to a surface-receptor (Costanzo, 2011) 

4.3 Nature of Sound and Pressure 
Sound is generated by a vibrating object and is the expression form of wave energy that can travel through 
any elastic material such as air, water or rock, termed the ‘medium’. Sound travels by vibrating the medium 
through which it is propagated. The medium’s vibration (oscillation) is the back and forth motion of its 
molecules parallel to the sound’s direction of travel, thereby causing a corresponding increase then decrease 
to the medium’s pressure, i.e. barometric pressure for sound in air and hydrostatic pressure for sound in 
water.   

Sound is manifested by two physical effects: acoustic pressure (which is force per unit area) and particle 
velocity (length per unit time plus amplitude and direction). While sound does not physically move the 
medium, any movement of the medium (e.g. a wind or current) will carry the sound with it. 

Natural sounds are complex combinations of component waves, each with a particular frequency and 
amplitude. Some of the acoustic energy in sound waves is in the form of potential energy due to the stresses 
set up in the elastic medium. Most of the energy is kinetic (mechanical) as a result of the particle oscillations, 
and the perceived loudness of a sound is directly proportional to the amplitude of its waveform. 

4.3.1 Sound types (impulse vs non-impulse sounds)  
Sounds made by detonations, seismic airguns and pile-driving are termed as impulsive (or pulse) sounds. 
They are brief, broadband, and characterised by a rapid rise-time to a maximum pressure followed by a 
decay that may include oscillating pressures (Popper, et al., 2014; Southall, et al., 2007). In contrast, 
continuous (or non-pulse) sounds, such as those produced by drilling activities or marine vessels, may also 
be brief and broadband, but without the characteristic ‘pulse’ properties (e.g. rapid rise-time). Pulse sounds 
become less impulsive over distance (Southall, et al., 2019). 

It should be noted that both seismic airguns and pile-driving have longer rise times than detonations 
(Popper, et al., 2014) and this affects the relevance of seismic and pile-driving studies to those of 
detonations. Where sound exposure guidelines have been provided in this report for different fauna groups, 
the guidelines provided are those considered applicable to detonations. 
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4.3.2 Propagation of sound in water 
The propagation of sound may be channelled or otherwise altered depending on its frequency in relation to 
the nature of the media which contribute to the pathway/s between the source and receiver. The way 
underwater sound propagates in the ocean is influenced by the presence of distinct water layers or 
thermoclines, the air-sea interface and the proximity and type of the seabed. Underwater sounds in relatively 
shallow waters, including the anticipated sites for underwater training, often propagate along multiple 
transmission routes (multipaths) involving combinations of water, air and seafloor substrate which will refract 
(bend), reflect, absorb and scatter the different frequency components of the source spectrum to different 
degrees. These processes result in transmission anomalies which are harder to predict compared to simple 
loss predictions due to geometric spreading and absorption within a uniform water body.  

4.3.3 Received level 
As the sound propagates through the water and substrate, its characteristics may change. Sounds become 
less impulsive over distance, with reflected, rarefacted and transmitted soundwaves (see Sections 4.1.2 and 
4.1.3) and their echoes combining to form a more continuous noise (Nieukirk et al., cited in Popper et al., 
2014). Consequently, there can be considerable variation in the received sound level (RL) from a detonation.  

Received Level (RL) is shown by RL = SL – TL, where SL is the Source Level (in dB, referenced to the sound 
level at 1 m from the charge) and TL is the Transmission Loss (loss to the surrounding environment) 
(Continental Shelf Associates, Inc., 2004). Predicting TL can be very complex as it includes the effects of 
underwater detonation phenomena (Figure 4-4) and is dependent on the physical characteristics of the water 
column, surface, and bottom as well the location of the source and receiver relative to each other and the 
environment (Continental Shelf Associates, Inc., 2004) (see Section 4.2).  

Given the complexity and changing characteristics of soundwaves with distance from a source, a range of 
metrics are used to describe sound. These are discussed briefly below; more in-depth explanations can be 
found in Continental Shelf Associates, Inc. (2004), Southall et al. (2007) and Popper et al. (2014). 

4.3.4 Metrics 

Sound pressure 
Sound pressure is the difference between the pressure caused by the soundwave and the ambient pressure 
and can be thought of as the ‘loudness’ of the sound. Its metrics include root-mean-square (rms) sound 
pressure, peak sound pressure, and sometimes particle motion (Popper, et al., 2014). Underwater sound 
pressure levels (SPLs) are typically given in decibels (dB) with respect to a reference sound pressure value 
of 1 micro Pascal (µPa).  

Peak levels 
Peak levels are a useful metric for describing impulsive sounds (Popper, et al., 2014; Southall, et al., 2007). 
Peak sound pressure (or peak particle motion) is also called zero-to-peak and is the difference between the 
ambient (zero) pressure and the maximum absolute pressure (positive or negative) and is denoted as Pmax. 
Peak-to-peak sound pressure refers to the difference between the maximum positive and negative 
pressures. 

Root-mean-square (RMS) 
RMS has gained popularity as a sound level metric as it provides a representative measure of average 
effective amplitude over the duration over an impulsive signal. RMS is the square root of the mean squared 
pressure over the duration of the waveform, however there is ambiguity around determining the ‘duration’ 
(Continental Shelf Associates, Inc., 2004). 
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Particle motion 
Particle motion describes the minor motion of particles in the medium relative to the rest of the medium 
(Popper, et al., 2014). Particle motion is directional (unlike pressure), and its levels may be very high during 
underwater detonations. Levels may be given as rms or peak values in dB against a reference value, with 
ISO/DIS 1683 (2013, as cited in Popper, et al., 2014) recommending reference values of 1 picometre (pm) 
for particle displacement, 1 nm/s for particle velocity, and 1 µm/s2 for particle acceleration.     

Particle motion is of particular relevance in fish hearing mechanisms (see Section 5.2.3). 

Impulse 
Popper et al. (2014) notes that rms and peak levels are insufficient to describe the total energy and temporal 
characteristics of a single impulsive sound. The impulse of a soundwave is the time integral of pressure 
through the waveform, expressed in Pascal seconds (Pa·s) or other pressure/time units (e.g. psi-ms). 

Sound intensity 
Sound intensity should not be confused with peak sound pressure and particle motion metrics, which are 
measures of amplitude (Popper, et al., 2014). Amplitude relates to the amount of energy carried in a 
soundwave, whereas intensity is the average amount of energy passing through a unit area per unit time. An 
increase in amplitude will increase the intensity, but they are different soundwave measurements.  

Sound Exposure Level (SEL) and Energy Flux Density (EFD) 
Sound Exposure Level (SEL) is the time integral of the pressure squared divided by the product of the water 
density and sound speed (Continental Shelf Associates, Inc., 2004). At sufficient distance from a detonation, 
SEL is a measure of the total acoustic energy of an impulsive sound (Popper, et al., 2014). It is usually 
expressed in dB re 1 µPa2·s.  

Energy flux density (EFD) is a similar and comparable metric (time integral of the pressure squared, divided 
by the acoustic impedance of the medium), however EFD and SEL metrics are converted to decibels in a 
slightly different way and in complex pressure fields the total EFD is not an equivalent measure (Baker, 
2008; Continental Shelf Associates, Inc., 2004). EFD has units of Joules/m2 (J/m2) but is often expressed in 
the same units as SEL (dB re 1 µPa2·s). 

SEL is considered more appropriate when considering the effects of detonation sources and is the metric 
recommended by the United States’ National Marine Fisheries Service (NMFS) (Baker, 2008; Continental 
Shelf Associates, Inc., 2004). SEL can be particularly useful in assessing cumulative sound exposure as it 
enables sounds of different durations and multiple exposures to be compared by generating a single 
exposure “equivalent” that assumes there is no hearing recovery between exposures. 

Cumulative energy (cumulative sound exposure level) 
Exposure to repeated impulsive sounds (without recovery time between exposures) is of concern when 
considering the impacts of activities such as pile-driving or seismic surveys as the effects upon receiving 
animals may be a product of the accumulation of sound energy (Popper, et al., 2014). Whether an animal 
would be exposed to the full period of detonation exercises would depend on its behaviour in response to the 
sound (i.e. whether it remains in the vicinity or moves away). Cumulative sound exposure (SELcum) is 
expressed in dB re 1 µPa2·s. 

4.3.5 Hearing sound 
The ability of animals and humans to hear a sound is not only related to the amplitude of the received 
pressure waves but also their frequency. ‘Noise’ is any audible sound, i.e. its frequencies lie within, or at 
least overlap, the sonic (or ‘hearing’) range of humans or other animals, while ‘signal’ refers to a distinct or 
interpretable sound (i.e. conveys potential meaning). When an audible sound reaches the auditory organs of 
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humans and other mammals, the oscillations in the air or water pressure are conducted to the inner ear 
(cochlea) via the middle ear. In summary, the hearing process in both air and water depends on:  

◼ the characteristics of the sound produced by its source 

◼ changes to sound characteristics as the sound propagates away from the source  

◼ the auditory properties of the receiver 

◼ the amount and type of ambient noise 

Apart from its power spectrum (frequency band and strength), the characteristics of the sound source include 
its variation over space and time (e.g. either from a moving or stationary source and either producing 
transient or continuous sounds). Sound propagating from a source through one or more media progressively 
decreases in intensity (attenuates) as a result of simple geometric spreading plus absorption and scattering 
at rates which vary depending on the frequencies involved (higher frequencies are absorbed more rapidly 
than low frequencies) and other factors of the medium.   

The sonic range normally detectable by humans lies between 20 and 20,000 Hz (20 kHz) but the threshold 
values for particular frequencies differ because the ear is not uniformly sensitive across its hearing range. 
Hearing ranges are species specific and, as with marine mammals and probably most other vertebrates, an 
individual’s sensitivity to particular frequencies also varies according to health, age, previous noise exposure 
and other factors that can temporarily or permanently affect the ear’s sound-conducting structures and hair 
cells (e.g. Popper et al. 2014).  

Ultrasonic (>20 kHz) and infrasonic (<20 Hz) sounds are inaudible to humans. However, ultrasonic sounds 
can be heard by some seals plus dolphins and other toothed whales, while infrasonic sounds are known to 
be detectable by some land animals (e.g. elephants) as well as manatees and some of the larger baleen 
whales.  

Frequency weighting 
The hearing of different species is frequency-dependent, and rather than expressing received sound levels in 
terms of broadband noise, the levels can be weighted to account for the hearing of the receiving animal 
(Popper, et al., 2014). Applying frequency ratings requires reliable audiograms and the approach has been 
widely used in studies of human exposure to sound. Frequency weightings have also been developed for 
different functional hearing groups of marine mammals (Southall, et al., 2007; Southall, et al., 2019) (see 
Section 5.2.4) but appropriate frequency weightings for fish have not been agreed upon (Popper, et al., 
2014).
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5 Potential impacts on marine factors 
There are two marine factors considered in this section, the benthic habitat and marine fauna. For the 
purposes of this report, impacts to the benthic habitat include impacts to the substrate and seagrass and 
reef/coral communities, while impacts to marine fauna include impacts upon infauna, shellfish and 
crustaceans. 

5.1 Benthic habitats  

5.1.1 Receiving environment 
The west coast region of WA has a series of shallow reefs which separate the coast into areas of nearshore 
lagoon and open shelf. The macrophytes of the reefs are dominated by seagrasses and macroalgae in the 
south, and corals and coralline algae to the north (Ningaloo Reef) (Suthers & Waite, 2007). The shallow 
(<20 m deep) nearshore waters of the Rottnest shelf, encompassing the locations of both UTRs, support a 
variety of benthic habitats varying from seagrasses in more sheltered sandy areas, to limestone reefs and 
platforms supporting a variety of algal communities in the more exposed coastal areas. The low nutrient 
environment and high-water clarity mean that seagrasses are common in the depth range of 1 to 15 m.  

Benthic mapping at both sites was undertaken by EOMAP (2019) using Very High-Resolution Satellite-
Derived Bathymetry and Seafloor Classification, based on satellite imagery captured on July 2017 at a 
spatial resolution of 2 m. The mapped extent covered as much of the gazetted waters as possible, to a depth 
of approximately 18 m based on water clarity. Of note, recently dead, senesced (e.g. winter die back of 
leaves), and mobile seagrass have the same satellite signature as live seagrass at spectral resolutions of the 
sensor (WorldView). This ensured that areas of winter dieback and/or senescence would be captured as 
areas of seagrass for the purposes of habitat mapping and subsequent impact assessment.  

Five benthic communities and habitat (BCH) types were identified by EOMAP (2019), as described and 
calculated in Table 5-1 below and mapped in Figure 5-1 and Figure 5-2. 

Table 5-1.  Distribution of benthic habitats mapped at Swanbourne and Lancelin. 

 

Habitat Swanbourne 
Operational 
Envelope 

Lancelin 
Operational 
Envelope 

Area (ha) % Area (ha) % 

Hardbottom covered with macroalgae: 
Bedrock, rock, coral, or coarse gravel, including pockets or thin layers of 
softer sediments often found on the surface of rocky substrata with 
greater than 25% macroalgae cover. 

0.04 0 341.42 7.5 

Seagrass meadow (Posidonia sp.):  
Greater than 25% vegetative cover, dominated by Posidonia sp. 66.77 5.6 2,102.20 46.4 

Seagrass meadow (unspecific / Halophila sp.): 
Greater than 25% vegetative cover, dominated by seagrass species other 
than Posidonia, including Zostera, Amphibolis, and Halophila. 

339.57 28.4 
- - 

Unconsolidated sediment with sparse vegetation cover: 
A (mostly) sandy area where 5-25% of the area is covered with 
vegetation like seagrass (Posidonia, Zostera, Amphibolis, Halophila, etc.). 

720.24 60.2 
- - 

Unconsolidated sediment (Sand, uncovered): 
 A (mostly) sandy area with less than 5% vegetation cover. 70.33 5.9 2,085.30 46 

TOTAL 1196.95  4,528.92  
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Unconsolidated sediment is the most common substrate found within both the Swanbourne and Lancelin 
Operational Envelopes (nearly 100% and 92.5% respectively) and hardbottom/reef habitat makes up the 
remainder (less than 1% of substrate at Swanbourne and 7.5% at Lancelin) (Table 5-1). Unconsolidated 
sediments provide habitat for four species of seagrass (Posidonia sp., Amphibolis sp., Zostera sp., and 
Halophila sp.) in various densities, while hardbottom/reef areas provide habitat for macroalgal species, such 
as Ecklonia radiata.  

It is proposed to locate the Training Footprint over areas of bare sand (unconsolidated sediment with <5% 
vegetative cover) or sparse seagrass (5-25% vegetative cover), thus avoiding the more sensitive seagrass 
meadow (>25% vegetative cover) and reef habitats (Figure 5-1 and Figure 5-2). 

5.1.2 Physical disturbance 
Under the Proposal, detonations would occur a minimum distance of 1 m above the seafloor, which will 
minimise the physical disturbance of benthic habitat; however, some disturbance is considered unavoidable.  

A worse-case scenario for physical disturbance from detonations, were the detonation to occur on the 
seafloor, is outlined below. 

Seafloor detonations 
Calculations for estimating crater diameter are generally understood and accepted from the primary work of 
O’Keeffe and Young (1984; cited in Lewis, 1996), who presented the calculation below for calculating crater 
radii of bottom detonations. This is the basis for the calculations for Swanbourne and Lancelin in Table 5-2, 
which estimate crater dimensions for scenarios where a detonation occurs on the seafloor in 4 or 8 m water 
depth. 

𝑅𝑐 = 14.5 
𝑊1/3

𝑧1/3  for when 𝑑

𝑊1/3 > 4.0 and where 

◼ RC = crater radius (ft) 

◼ W = charge weight (lb) 

◼ d = depth of detonation (ft) 

◼ z = hydrostatic pressure at depth of detonation (d + 33) (ft) 

Table 5-2.  Estimated crater dimensions for underwater detonations on the seafloor in 4 and 8 m water depth 

Parameter Swanbourne Lancelin 

4 m depth 8 m depth 4 m depth 8 m depth 

Depth of detonation, d (ft) 13.12 26.25 13.12 26.25 

Charge weight, W (lb) 1 1.5 1.5 15.1 15.1 

Hydrostatic pressure, z (ft) 2 94,959 121,978 94,959 121,978 

𝑑

𝑊1/3
> 4.0 

11.44 22.88 5.31 10.62 

Crater Radius, RC (ft) 0.365 0.335 0.786 0.722 

Crater Radius, RC (m) 0.111 0.102 0.239 0.22 

Crater Diameter (m) 0.22 0.2 0.48 0.44 
1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 

equivalent to RDX-based charges with the highest equivalent demolition power of the proposed charges.  

2 Where 𝑍 = 𝑝𝑔 (𝑑 + 33) and p = 63.99 lb/ft3, and g = 32.174 ft/s2 

As shown in Table 5-2, crater radii increase with decreasing hydrostatic pressure. For training exercises in 
water depths of 4 m, the predicted crater diameter for a seafloor detonation is 0.22 m at Swanbourne and 
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0.48 m at Swanbourne. O’Keeffe and Young (1984; cited in Lewis, 1996) proposed that benthic disturbance 
be approximated as twice the crater diameter, giving a maximum potential disturbance of 0.44 m and 0.96 m 
at Swanbourne and Lancelin respectively, were the detonation to occur on the seafloor.  

Locating the Training Footprint over areas of bare sand / sparse seagrass may potentially result in cratering, 
but will also allow for the rapid resettlement of displaced sediments through natural wave action and 
nearshore processes (Masselink & Pattiaratchi, 1999; Pattiaratchi, et al., 1997). 

5.1.3 Pressure-related impacts 

Seagrass  
There is limited published information on the impacts of underwater detonations on marine plants (Lewis, 
1996; Keevin & Hempen, 1997).  

Ludwig (cited in Lewis, 1996) used detonations to remove an area of seagrass. Detonations were of single 
and multiple charges (of unknown type and weight) as well as a weighted length of detonation cord. Over the 
following eight weeks, the seagrass exhibited an orderly dieback resulting in a complete disappearance 
within 7 to 8 m of the charges and 2 to 4 m of the detonation cord. Only seagrass was removed, with algae 
species thriving in the defoliated areas, leading Ludwig (cited in Lewis, 1996) to hypothesise that the 
species-specific removal was a result of direct disruption of the vascular tissues within the rhizomes, which 
did not affect the non-vascular algae. 

Smith (cited in Keevin & Hempen, 1997) examined the effects of underwater detonations on vascular plants 
and algae using caged specimens weighed pre- and post-exposure. Preliminary results indicated a loss of 
biomass and reduction in photosynthetic rate in both seagrass and algae. 

Corals 
Impacts of underwater detonations upon corals are limited to observations of physical damage sustained 
within the blasting zone. Alcala and Gomez (cited in Lewis, 1996) describe the impacts of blast fishing, with 
radial destruction of stony corals corresponding to bomb size and detonation distance from the seabed. 
Although illegal in most areas, blast fishing is a widespread practice in the tropical Indo-West Pacific and 
parts of the Caribbean and is a serious contributor to coral reef degradation and destruction (Lewis, 1996). 
Brown and Smith (cited in Keevin & Hempen, 1997) reported that staghorn corals were broken near the base 
and encrusting corals showed abrasion damage following blasting with C4 charges to create a boat channel. 
The lack of pressure readings and information regarding distances from detonations and charge types and 
weights make quantitative conclusions impossible (Keevin & Hempen, 1997). 

Keevin and Hempen (1997) suggest that the type of detonation affects the magnitude of impact upon corals. 
Fry and Cox (cited in Keevin & Hempen, 1997) reported no visible damage from detonations using black 
powder, which is in keeping with Hubbs and Rechnitzer’s (1952) observation of fish impacts with respect to 
low and high velocity detonations (see Section 4.1.1). 

5.1.4 Indirect impacts 
Indirectly, underwater detonations can impact upon benthic habitats through sediment disturbance. Sediment 
resuspension reduces light penetration and photosynthesis, and sediment redeposition can smother 
organisms (Heinsohn et al., cited in Lewis 1996).  

Indirect impacts on corals could potentially include bleaching and reduced recruitment and diversity. Coral 
bleaching is a common response to a variety of stressors, including changes in temperature and light and 
presence of toxicants (Hoegh-Guldberg, cited in Harrison & Booth, 2007). Additionally, coral reproductive 
processes are very sensitive to decreases in water quality, and chemical pollution and physical disturbances 
could reduce reproductive success or larval settlement (Harrison & Booth, 2007). 
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Regarding cumulative impacts, natural disturbances such as storm events should also be considered in 
addition to the detonation exercises, as disturbance effects can overlap if the frequency of disturbance is 
greater than the recovery period (Harrison & Booth, 2007). Benthic habitats provide both food and shelter for 
a variety of organisms, and extensive damage resulting from underwater detonations could potentially disrupt 
the ecosystem balance (Keevin & Hempen, 1997). 

5.2 Marine fauna 
The mechanisms of injury are common to most species, and a general discussion of how the pressure and 
acoustic waves of an underwater detonation impact upon marine fauna is provided in Section 5.2.1. 
Following this, the specific effects and relevant thresholds and guidelines are discussed for invertebrates 
(Section 5.2.2), fish (Section 5.2.3), marine mammals (Section 5.2.4), marine turtles (Section 5.2.5) and birds 
(Section 5.2.6). In estimating the potential impact distances for marine fauna, this report has largely focused 
on the shockwave component of an underwater detonation as it provides for more robust and conservative 
predictions (see “Predicting impacts”, page 32). This approach allows for a common metric of understanding 
potential impacts and allows for the straightforward implementation of management measures based on 
distance from the detonation. 

Marine fauna varies greatly in their susceptibility to injury from underwater detonations according to their 
size, weight, species physiology and distance from detonation centre. Water is an extremely efficient 
transmitter of shock pulse energy. The rapid rates of change of pressure and the extremely high peak 
pressures generated by detonations can cause detrimental effects (including death) to aquatic fauna. Fish 
mortality and injury as a result of underwater detonations is predominantly caused by the initial pressure 
wave and resulting internal haemorrhaging, gross damage to the kidney, rupture of swim bladder and/or 
body cavity. The principal effects on marine mammals concerns damage to the lungs and auditory systems. 
The extent of mortality and injury depends on the size and depth of charge, type of charge, water depth, 
substrate composition, distance and depth of individual from detonation and size and type of species.  

5.2.1 Mechanisms of impact 
Both the shockwaves and high-amplitude soundwaves produced by an underwater detonation have the 
potential to impact on marine fauna. The extent of impacts will depend on the properties of the sound, 
distance from the source, received sound level, type and duration of exposure, hearing sensitivity of the 
receptor, and the context of the exposure (e.g. during feeding or breeding activities (Parnum, et al., 2018; 
Webster, et al., 2018). For ease of discussion within this section, these impacts have been separated into 
three impact categories: pressure-related mortality and injury (barotrauma), hearing impairment, and 
behavioural responses.  

Barotrauma 
Barotrauma is tissue injury from rapid pressure changes caused by sudden changes in depth, detonations, 
and intense sound (Popper, et al., 2014). Sudden changes in pressure are more likely to cause injury than 
gradual ones (Popper, et al., 2014). Marine animals are adapted to tolerate changes in pressures but an 
instantaneous change in depth (and pressure) would be severely damaging or fatal (Continental Shelf 
Associates, Inc., 2004). Consequently, shallow-water environments can be particularly damaging, with 
bottom- and surface-reflected shock waves resulting in multiple rapid pressure changes (Continental Shelf 
Associates, Inc., 2004). 

At the same energy and distance, underwater detonations are more dangerous to animals than those 
occurring in air (Baker, 2008). Air is readily compressible which attenuates the pressure wave, and the blast 
tends to reflect off the body (Baker, 2008). In contrast, water cannot compress to the same extent and so 
pressure waves travel much further and retain their strength, and the blast travels through the body (Baker, 
2008). The sample principle applies to different tissue densities within the body, with pressure waves 
travelling through different tissue types at different velocities, leading to extensive damage at the boundaries 
between tissues of different densities, especially at gas-liquid interfaces (Hill, 1978; Continental Shelf 
Associates, Inc., 2004). 
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In general, there are two main impact zones in which barotrauma mortality and injury may occur:  

◼ Immediate Kill Zone (typically limited extent). In the immediate vicinity of the detonation, predominated 
by the very rapid rise in pressure of the shock wave. At this range, both compressive and decompressive 
forces are in action, making it impossible to definitively separate the exact mode of injury (Popper, et al., 
2014). Lewis (1996) referred to this impact zones as the kill zone, in which all organisms are susceptible 
due to disruption of body tissues from the compression wave.  

◼ Wider Damage Zone. The more distant field, predominated by the negative pressures (decompressive) 
created by the bubble oscillations and rarefaction waves (Continental Shelf Associates, Inc., 2004; 
Popper, et al., 2014). Lewis (1996) termed this the remote damage zone, in which the negative pressures 
are low enough to result in harmful expansions of gas-containing organs and cause dissolved gases to 
rapidly come out of solution.  

In animals, gas-containing organs (such as the lungs of marine mammal and turtles, the swim bladder of 
fish) and gas inclusions (e.g. gastrointestinal spaces) are the most vulnerable to barotrauma from shockwave 
and soundwaves (Popper, et al., 2014). Barotrauma injuries may include: 

◼ Lungs: In the lungs, laceration and rupture of the alveoli and blood vessels can cause haemorrhage, air 
embolism and breathing difficulties (Hill, 1978; Continental Shelf Associates, Inc., 2004). Extensive lung 
haemorrhage is considered a lethal injury, and its onset is a commonly used criterion for the onset of 
mortality in marine mammals and sea turtles (Department of the Navy, cited in Continental Shelf 
Associates, Inc., 2004). Gas embolism from sublethal lung damage may lodge in the heart or brain 
causing cardiac arrest or stroke (Gouze & Hayter, cited in Hill, 1978). 

◼ Swim bladders: For fish with swim bladders, the swim bladder is the most frequently damaged organ as 
the shockwave causes it to rapidly contract and then overextend, which also compresses and damages 
surrounding organs, and the swim bladder may rupture (Keevin & Hempen, 1997).  

◼ Gastrointestinal tract: Expansion and oscillations of gas bubbles naturally present in the gastrointestinal 
tract can cause bruising, slight haemorrhage and petechia, and with enough pressure may rupture the 
intestinal wall and release gut contents into the body cavity (Yelverton, et al., 1973; Continental Shelf 
Associates, Inc., 2004). At the onset of extensive lung haemorrhage, gastrointestinal tract injuries include 
bruising but no surface tissue breakages (Richmond et al., cited in Continental Shelf Associates, Inc., 
2004). Gastrointestinal injury would be expected to increase as lung haemorrhage severity increases, 
until the tract eventually ruptured.  

◼ Blood vessels: rarefaction waves cause dissolved gases to come rapidly out of solution, potentially in 
high enough quantity to result in air-embolism or rupture the walls of blood vessels (Hubbs & Rechnitzer, 
1952). Such damage may be lethal if occurring in the circulatory system or certain parts of the nervous 
system (Lewis, 1996). 

Barotrauma includes lethal injury and injuries of varying severity from which full recovery may be possible 
(Popper, et al., 2014). However, it should be noted that recoverable injuries may lead to death (indirect 
mortality) if it decreases fitness and the animal is consequently subject to increased risk of infection, disease 
or predation (Popper, et al., 2014). Injury mechanisms specific to different types of marine animals are 
discussed in Sections 5.2.2 to 5.2.6 below. 

Effect of animal size 
As a generalisation, the severity of barotrauma is often related to animal size, with smaller animals being 
more susceptible to barotrauma (Hill, 1978). Yelverton et al. (1975) found that amongst fish with swim 
bladders, larger fish tolerated high impulses than smaller fish. Goertner (cited in Continental Shelf 
Associates, Inc., 2004) considered lung haemorrhage and impulse tolerance of marine mammals to be a 
function of animal mass and depth. Depending on the animal size, extremely high-pressure impulse levels 
may or may not cause lethal injury to internal organs; however, overall system shock (as well as tissue and 
skeletal damage) could reduce fitness (U.S. Department of the Navy, cited in Continental Shelf Associates, 
Inc., 2004).  
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Hearing impairment 
Fauna use sound for a range of functions including foraging, orientation, navigation and social behaviour, 
and so underwater noise and hearing damage can impact of marine fauna in a multitude of ways (Parnum, et 
al., 2018).  

Hearing loss may be defined as exposure to a strong sound resulting in an elevation of the hearing 
sensitivity threshold, such that a sound must then be louder to be heard (Continental Shelf Associates, Inc., 
2004; Popper, et al., 2014). This affects the audibility of signals and can prevent or alter normal behavioural 
responses (Erbe, 2011). Hearing loss can be temporary or permanent. 

Temporary threshold shift (TTS) is a non-permanent elevation of the hearing threshold of 6 dB or greater (as 
changes less than 6 dB are difficult to differentiate in experiments) (Continental Shelf Associates, Inc., 2004; 
Popper, et al., 2014). The magnitude of TTS depends on factors such as the level and duration of exposure 
(Ward, cited in Continental Shelf Associates, Inc.). Received sound levels causing TTS are well-documented 
but none are based on sounds with rise-times comparable to high detonations so it is not known whether the 
rise-time is a factor in TTS (Continental Shelf Associates, Inc., 2004). TTS is considered as auditory fatigue, 
with hearing returning to normal after a period of quiet (Erbe, 2011). In terrestrial animals, the recovery 
period from TTS can vary from a few minutes to hours or even days (Continental Shelf Associates, Inc., 
2004). 

Permanent threshold shift (PTS) is physical damage to the sound receptors resulting in a permanent 
reduction in hearing sensitivity (Continental Shelf Associates, Inc., 2004). It may present as total or partial 
deafness, or an inability to hear specific frequencies (Continental Shelf Associates, Inc., 2004). In marine 
mammals, PTS may result from a single exposure to a high peak pressure sound (particularly if it has a short 
rise-time), prolonged exposure to loud noise, or chronic noise exposure (Ketten, cited in Continental Shelf 
Associates, Inc., 2004). PTS is considered to be an injury (Erbe, 2011). 

In general, longer duration sounds are more likely to result in hearing damage than impulsive sounds of the 
same intensity (Baker, 2008). Damage is reduced with shorter pulses and longer inter-pulse intervals (Ward, 
cited in Continental Shelf Associates, Inc., 2004). Training at the proposed UTRs would have an average of 
two to three training exercises per year, with each exercise lasting a maximum of two days with three to five 
detonations per day. While detonations are an intense impulsive sound, they are short in duration and the 
nature of the exercises is training with discrete detonation events (unlike underwater blasting for rock and 
structure removal, where a series of charges may be detonated). The intermittent occurrence of the 
exercises and mobility in location of the proposed Training Footprint does not constitute prolonged or chronic 
noise exposure. Exposure to discrete noise events is considered under “Predicting impacts” (page 35), and 
discussed in relation to the different fauna groups for fish (Sections 5.2.3), mammals (Section 5.2.4) and 
turtles (Section 5.2.5). 

Effect of multiple exposures  
Repeated exposure to noise from consecutive detonations, such as is proposed for the training program, 
may result in different thresholds (Baker, 2008). The relationships between number of pulse exposures and 
increase in hearing threshold shift is considered unlikely to be simple or linear and will be influenced by any 
recovery between pulses (Ward, cited in Continental Shelf Associates, Inc., 2004). Repeat exposure is not 
considered as a significant impact of the Proposal given the training exercises are infrequent and the 
Training Footprint may be moved within the Operational Envelopes. 

Masking and auditory scene analysis 
Sound detection is thought to help an animal “view” it’s surroundings and is assumed to exist for all 
vertebrates (Popper, 2005). The visual scene is restricted by light levels, water clarity, and field of vision, 
whereas sound can extend past the visual field and provide additional information such as the depth of water 
or proximity of objects and other animals (Popper, 2005). Masking refers to an impairment of hearing 
sensitivity (by greater than 6 dB) due to a simultaneously occurring sound (Popper, et al., 2014). In nature, 
this may occur from breaking waves or animal vocalisations (Popper, et al., 2014). Popper et al. (2014) 
states that one of the most critical issues regarding behavioural impacts of anthropogenic sound is whether it 
impairs an animal’s ability to detect and respond to biologically relevant sound. 
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Masking is not considered to be of concern for the UTR exercises, given that animals would only be exposed 
to a few detonations per day of training and the masking effects would not extend past the short exposure 
periods (Popper, et al., 2014). 

Behavioural impacts 
Behavioural responses to underwater detonations may include: no reaction, startling (usually temporary and 
minor), diving, surfacing, schooling, increased respiration, distress and elevated stress response, 
displacement from or avoidance of an area, and impaired feeding and reproduction and predator avoidance 
(Baker, 2008). These impacts may occur at large distances, particularly for marine mammals. For example 
Stone (cited in Wright et al., 2011) documented ‘‘startle” reactions, likely to indicate the initiation of a stress 
response, in sperm whales up to 2 km from a seismic survey, and Erbe (2011) cites observations of 
behavioural responses in narwhals and belugas up to 70 km from ice-breaking ships, which was close to the 
threshold of audibility.  

Wright (2011) notes that it can be difficult to determine what cost a behavioural change has for an animal. 
Impacts such as a startle response may be temporary and minor, or it could lead to rapid-surfacing causing 
barotrauma injury and mortality (Erbe, 2011). Avoidance of an area might come at little cost (for example if 
marine mammals divert their migration route slightly, but remain within their normal migration corridor) 
(Continental Shelf Associates, Inc., 2004) or it could result in increased travel time and decreased foraging 
which bears an energy and metabolic cost (Wright, et al., 2011). Avoidance could mean that the exposure is 
so unpleasant that the animal cannot remain, even though the area is a Biologically Important Area (BIA) 
(Beale, cited in Wright et al., 2011). Remaining in the area could mean that the animal is unaffected, or 
alternatively, that it is too dependent on the habitat to leave (Wright, et al., 2011).  

Stress is particularly difficult to recognise as it may be triggered below levels at which visually-observable 
behavioural responses occur (Wright, et al., 2011). The physiological stress response is highly conserved 
across species and is intended to survive an immediate threat rather than preserve future function (Wright, et 
al., 2011). In response to a perceived threat, heart rate and gas exchange increase, vision sharpens, blood 
is directed to the brain and muscles and away from non-essential organs, and hormone changes increase 
blood glucose and suppress non-essential activities such as immune function, growth, digestion and 
reproduction. A chronic stress state can be induced if exposures are of sufficient intensity, duration and 
frequency. For example, increased background noise has been linked to reductions in growth and 
reproduction in shrimp (Lagardère and Régnault & Lagardère, both cited in Wright et al., 2011). Prolonged 
stress or repeat activation of the stress response can lead to serious health consequences (Wright, et al., 
2011). 

A behavioural change becomes biologically significant to an animal when it interferes with normal behaviours 
and activities or otherwise affects the animal’s growth, survival and reproduction (National Research Council, 
cited in Popper et al., 2014). Behavioural changes in response to sound could have population-level impacts 
and potentially affect species viability (National Research Council, cited in Popper et al., 2014). 

The single, impulsive energy waves of a discrete detonation, as proposed for the UTR training exercises, 
may cause temporary and startle responses but are not expected to result in significant behavioural changes 
(Baker, 2008). In contrast, repeated exposure to lower-level acoustic energy, such as that of pile-driving, 
seismic surveys or dredging, could result in a broader variety of behavioural impacts (Baker, 2008). 

Predicting impacts 
Predicting impacts upon marine fauna is important in estimating what area and species might potentially be 
affected and determining appropriate mitigation strategies. This report has used a combination of predictive 
equations related to barotrauma injury and relevant sound threshold guidelines to provide estimated zones of 
influence.  

Zones of influence are estimates of the affected area over which a particular impact is predicted to occur and 
reflect that the severity of impacts (pressure and sound) decreases with distance from the source. Useful 
descriptions (Baker, 2008) include: 

◼ Impact zone: mortality, injury, and harassment may occur 



 

Project number EST04718 File Technical Assessment of Ecological Effects_Rev0.docx, 2020-04-06 Revision 0  33 

− Danger Zone: both injury and mortality may occur 

◼ Mortality Zone: mortality may occur.  

◼ Injury Zone: non-lethal injury may occur, but mortality is not expected.  

− Harassment Zone (TTS): temporary hearing loss may occur.  

− Harassment Zone (Behaviour): behavioural reactions may occur.  

◼ Watch Zone: buffer zone that may be monitored to detect animals that are headed toward the impact 
zone. The watch zone radius may vary for different species. 

 

This report has largely focused on the shockwave impacts of a detonation, given that:  

◼ The majority of underwater detonation impacts modelling has focused on shockwave impacts, and covers 
the majority of marine fauna (invertebrates, fish, mammals, turtles, and birds).  

◼ There is a paucity of studies addressing the impact of detonation sound or vibration on invertebrates. 
However, where available, potential impacts from other impulsive sources (e.g. seismic surveys, pile-
driving) are presented in this report. These impacts are not likely to be significant at a local population 
level given the small charge sizes and intermittent nature of the Proposal. 

◼ Shockwave estimations of impact and safe distances for turtles and fish (Young, 1991) are greater than 
those of the sound threshold guidelines (Popper, et al., 2014). Therefore, the shockwave is a more 
conservative basis for informing fauna management of turtles and fish.  

◼ Noise is primarily a consideration for cetaceans, with anecdotal observations of whales responding to 
sounds which neared the threshold of audibility. It is noted that sound associated with underwater 
detonations has the potential for injury (e.g. permanent or temporary hearing loss) at greater distances 
than those calculated for shockwaves. However, the characteristics of sound can change dramatically 
with propagation through the water and substrate, especially in shallow waters and over long distances, 
with soundwaves and echoes combining to form a more continuous noise. Given the high variation in 
received sound level and sound type, the small charge size and intermittent nature of the training 
exercises, and avoidance of the Humpback Whale nearshore migration period (September to November) 
(see Section 5.2.4), estimates of potential sound-related impact ranges for the UTRs have not been 
calculated for mammals. Estimations of shockwave “safe range” distances are considered appropriate for 
informing fauna management zones for mammals. 

Shockwave models 
Although the physical principles of underwater detonations are well understood, their application to specific 
situations is less so (Popper, et al., 2014). Many models have been developed to predict lethal ranges for 
marine fauna from underwater detonations, using the various components of the shockwave including the 
compression wave, peak pressure, impulse strength, bulk cavitation, and energy flux density (Lewis, 1996; 
Continental Shelf Associates, Inc., 2004; Keevin & Hempen, 1997). Those that have been implicated in fish 
mortality are: pressure, impulse and EFD/SEL (Keevin & Hempen, 1997). The three models in common use 
are based upon impulse strength; energy flux density; and the dynamic model (relating charge weight to 
swim bladder oscillation in fish). While there are drawbacks with each approach (Keevin & Hempen, 1997) 
and their use is inhibited by situational knowledge gaps (Popper, et al., 2014), all give an approximation of 
the potential range of impacts underwater demolitions. Keevin and Hempen (1997) concluded that any 
waveform value that accurately predicts mortality over a wide range of conditions (e.g. detonation weight and 
depth, fish depth, water depth) would be a suitable measurement.  

Continental Shelf Associates, Inc. (2004) suggests that predictions based on observed effects may be more 
useful than those of experiments and complex models. Where possible, this report has used the predictive 
equations developed by Young (1991) for unconfined, free-field detonations. These equations are 
summaries, based on complex physical-biological computer models, and while technically correct, the 
equations do not cover all environmental conditions and are advised for preliminary planning only (Young, 
1991). Their use is supported by Baker (2008), who notes that during the planning phase many variables are 
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unknown, and these equations provide a useful estimation of safe ranges in the absence of more precise 
harassment zone modelling (Baker, 2008). 

Young (1991) derived separate equations for invertebrates (shrimp, lobsters, oysters, crabs) and fish without 
swim bladders (flounder), fish with swim bladders, sea turtles, dolphins (calves and adults), whales and 
humans. The distance calculations for invertebrates and fish are for 90% survivability (i.e. 10% mortality 
(LD10), given that the deaths of a small number of fish common to the area is generally considered 
acceptable (Goertner, et al., 1994; Young, 1991). In contrast, the distance calculations for marine mammals, 
turtles and human swimmers are based on ‘no injury’, given that no level of injury is acceptable. With the 
exception of fish with swim bladders (for which Young uses the dynamical model (see Section 5.2.3), the 
equations are based on cube-scaling. 

The equations developed by Young (1991) are considered to be conservative in avoiding serious injury and 
harassment (Baker, 2008). Baker (2008) notes that equations for marine turtles and mammals are based on 
observed safe ranges and, while convenient, the safe ranges are conservatively large (and for detonations 
under 1,000 lb, they result in much larger distances than those calculated using energy and pressure criteria) 
and often approximate or exceed the harassment zones predicted by dual criteria for the TTS threshold. 
These distances may be particularly conservative for the proposed UTRs, given that field measurements of 
underwater detonation shockwave properties (e.g. pressure, impulse) at the Shoalwater Bay Defence 
Training Area found that in shallow water the shockwave is disrupted and attenuates at a greater rate than 
deep-water predictions (Box, et al., 2000). 

Young’s (1991) equations have been used in Sections 5.2.2 (invertebrates), 5.2.3 (fish), 5.2.4 (mammals) 
and 5.2.5 (turtles) of this report to estimate safe and lethal ranges. Some discussion of other models (see 
below) and the influence of factors has been included, however the predictive equations of Young (1991) are 
considered adequate for the purposes of this report. Given the high variability in environmental and biological 
factors affecting mortality and injury, development of a more complex and precise model would add little to 
the accuracy of predictions (Keevin & Hempen, 1997). 

Peak Pressure 

Peak pressure is both the simplest and consequently the least precise metric for understanding effects on 
marine fauna. Yet, the simplicity of the metric is an informative contextual baseline for understanding 
potential effects over distance, and peak levels are considered a useful metric in describing impulsive 
sounds (Popper, et al., 2014; Southall, et al., 2007). Soloway and Dahl (2014) provided the following formula 
for estimating peak pressure from underwater shockwaves: 

  
where  Ppeak = Peak pressure (Pa) 

W = mass of charge (kg), scaled to give a TNT-equivalent weight 

R = measurement range in metres (m) 

Using this formula, Table 5-3 below provides estimations of peak pressure for the Proposal. 

Table 5-3.  Peak pressure (kPa) at distance from underwater (unconfined) detonations 

Peak pressure (kPa) due to charge weight (kg) 

Charge weight (kg) Distance from Target (m) 

5 10 25 50 100 250 500 1000 2000 

Swanbourne: 0.685 kg 1 7,372 3,368 1,196 547 250 89 41 19 8 

Lancelin: 6.85 kg 1 17,550 8,019 2,847 1,301 594 211 96 44 20 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 
equivalent to RDX-based charges with the highest equivalent demolition power of the proposed charges.  
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Table 5-4 provides an indication of some of the physiological effects related to peak pressure. As indicated 
by the peak pressures from Table 5-3, it is estimated that there is no impact to any fauna from peak pressure 
at 500 m from the detonation at Swanbourne or 1,000 m from the detonation at Lancelin. 

Table 5-4.  Physiological effects of underwater shockwaves (ICI Australia, as cited in ECOS Consulting, 1996) 

Peak pressure (kPa) Predicted injury 

3500 Absolutely lethal to humans 

1400 Lung injuries, etc 

280 30% chance of being lethal to small animals 

40 Completely safe to humans and animals 

 

Peak pressure alone is not considered a good predictor of fish mortality when comparing different types of 
detonations (Keevin & Hempen, 1997). For example, Hubbs and Rechnitzer (1952) found that lethal peak 
pressures for marine fish for dynamite varied from 40 to 70 psi (276 to 482 kPa), whereas peak pressures of 
124 to 160 psi (855 to 1,103 kPa) for black powder did not result in fish kills. Further experiments showed 
that even pressures up to 1,000 psi (6,895 kPa) were not fatal to fish if applied slowly. However, as dynamite 
is a high-explosive, the lethal peak pressure observations for dynamite can be considered indicative of those 
for other high-explosives; and Popper et al.’s (2014) sound thresholds for fish and turtles are based on the 
40 to 70 psi lethal peak pressure observation of Hubbs and Rechnitzer (1952) (see Section 5.2.3).  

Impulse model 

The impulse mode has been used to relate the strength of the impulse from the shockwave to different levels 
of injury. The impulse experiments involved maintaining peak pressure but adjusting the depth of the 
receiving animal to adjust the impulse received. Richmond et al. and Andersen and Løken (both cited in Hill 
1978) demonstrated that while keeping peak pressure constant, increased impulse resulted in more severe 
injuries. Bebb and Wright (cited in Hill 1978) give the example of a diver subjected to identical blasts at 
identical ranges but with the diver at different depths. At 3 m, the diver experienced negligible effects, but at 
15 m there was lung and ear trauma and severe concussion. Peak pressure was the same for both, but 
impulse was approximately almost five times higher at the 15 m depth.  

The impulse method has described by multiple authors (Hill, 1978; Keevin & Hempen, 1997; Lewis, 1996) 
and underwater blast criteria have been created for fish  (Yelverton, et al., 1975), birds  and mammals 
(Yelverton, et al., 1973). While the experiments provided observations of the types of potential impact to 
marine fauna, the experiments are not representative of real-world conditions. For example, experiments 
using terrestrial animals were generally conducted near the surface and so the impulse experienced was 
less than a deeply submerged animal, given that near the surface the shockwave is reduced by interference 
from the surface-reflected wave. Additionally, diving marine mammals are better adapted to changing 
pressures than terrestrial species (see Section 5.2.4), and a tank is a very different environment to a sandy 
or vegetated substrate in open water. 

A review of overpressure waves in relation to injury by Baxter et al. (cited in Keevin & Hempen, 1997) 
concluded that impulse was the most accurate predictor of impacts to fish in water depths less than 3 m, 
while energy flux density (EFD) was more accurate in depths greater than 3 m. Similarly, Goertner (cited in 
Popper et al., 2014) concluded that impulse-based predictive models were only applicable when both fish 
and detonation were at depths less than 3.3 m. Based on these conclusions, the impulse method has not 
been used within this report. 

Sound thresholds 
Auditory effects are not associated with animal size and so specific thresholds can be used (Baker, 2008). 
For marine mammals, this report has referenced the injury criteria thresholds for individual marine mammals 
exposed to “discrete” noise events proposed by Southall et al. (2019) (see Section 5.2.4). For fish and 
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marine turtles, the sound exposure guidelines proposed by Popper et al. (2014) have been cited (see 
Sections 5.2.3 and 5.2.5 respectively).  

5.2.2 Invertebrates 
Invertebrates, including commercially valuable species such as oysters, crabs, prawns and lobsters, have 
been shown to be highly resistant to even open-water detonations which has been attributed to the absence 
of gas-containing organs (Young, 1991; Lewis, 1996; Keevin & Hempen, 1997). Most of the experimental 
research has been under laboratory conditions or using caged experiments, and the focus has been on 
immediate, clearly-visible effects (Webster, et al., 2018). Consequently, there is a paucity of information 
applicable to real-world conditions regarding the potential for sub-lethal and cumulative effects.  

This section provides a brief overview of the invertebrate assemblages at Swanbourne and Lancelin and 
summarises the likely direct mortality impacts and potential sublethal impacts resulting from the pressure 
waves and sound of underwater detonations. Invertebrates considered in this section include infauna, 
shellfish and crustaceans (for coral, see Section 5.1). 

Receiving environment 
Marine invertebrates comprise many groups of different organisms and occur from the sea surface to the 
seafloor and within the substrate. Complex reef structures and seagrass meadows occur both within the 
proposed UTRs and in the surrounding nearshore environment, providing habitats for a wide array of 
invertebrate species, including commercially important crab species and western rock lobster (WRL) 
(Panulirus cygnus) and shellfish such as abalone. The spawning period for some commercially important 
invertebrate species is shown in Table 5-5 below. Unconsolidated sediments can also support commercially 
important scallops (Department of Primary Industries and Regional Development, 2018) as well as infaunal 
communities; these sediments and associated organisms provide habitat and contribute to benthic 
productivity and nutrient cycling. 

Table 5-5.  Spawning period (indicated in black) for selected commercially important invertebrate species in the 
West coast bioregion (Department of Fisheries, 2013). 
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Champagne (spiny) crab (Hypothalassia acerba)             

Crystal (snow) crab (Chaceon spp.)             

Western rock lobster (Panulirus cygnus)             

Note: A large proportion of the WRL biomass occurs inside of the 50 m depth contour, and it is the dominant large 
benthic invertebrate within this range. Champagne Crabs and Crystal Crabs are deep sea crabs occurring on the mid to 
upper slope of the continental shelf (Department of Environment and Water Resources, 2007). 

Many invertebrates have their northern or southern distribution limits within the Rottnest shelf from 
Swanbourne to north of Lancelin. For example, Jurien Bay Marine Park represents the northern extent of the 
distribution of the endemic sand dollar species, Ammotrophus arachnoides, as well as a number of endemic 
southwest molluscs (e.g. turban shell (Turbo jourdani), abalone (Haliotis scalaris) (Department of 
Conservation and Land Management, 2005).  

Western Rock Lobster 
The WRL fishery is Australia’s most valuable single-species fishery, with a long-term annual catch of 
approximately 11,000 tonnes worth $300 million (Department of Fisheries, 2001; Fletcher, et al., 2011). The 
WRL is endemic to Western Australia (WA) with a range extending from the North-West Cape to Cape 
Leeuwin. The WRL has a complex life cycle which includes both pelagic (living in the open ocean) and 
benthic (living on the seafloor) stages. Newly hatched larvae (phyllosoma) are carried offshore by nightly 
wind-driven currents for a 9 to 11-month pelagic period and are returned to the continental shelf by winds 
and east-flowing currents (MacArthur, et al., 2007). The larvae then metamorphose into transparent 
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miniature lobsters (pueruli), which migrate from the shelf edge to settle on shallow (<10 m) seagrass and 
algal meadows and inshore reefs of coastal lagoons (de Lestang, et al., 2015; MacArthur, et al., 2007). 
Juveniles remain on shallow (<40 m) inshore reefs for the next 3-4 years, typically occupying small holes, 
caves and ledges in the reef (Bellchambers, et al., 2012). Around four years after settlement, the WRL 
undergoes a moult from the characteristic red colouring to white, a phenomenon termed the “whites run” as it 
coincides with a mass migration of “whites” to offshore spawning grounds before the red colouring returns in 
the next moult. Adult WRL are abundant in deep-water (30-150 m) offshore limestone reef habitat 
(Bellchambers, et al., 2012).  

Studies of WRL in shallow-water habitats (< 40 m) found that foraging habitats include sand, limestone 
pavement with algae, and seagrass meadows neighbouring the reef systems (Bellchambers, et al., 2012). 
Diet varies across seasons and habitats, and reflects food availability (e.g. coralline algae, molluscs, 
crustaceans). WRL are predominantly nocturnal foragers, returning to their caves and ledges in the reef 
around dawn.  

Potential impacts 

Direct mortality 
While mortality will occur in close range of an underwater detonation (see “Predicting impacts”, page 39), 
invertebrates have been shown to be highly resistant to underwater detonations. This has been attributed to 
the lack of gas-containing organs (Young, 1991; Lewis, 1996; Keevin & Hempen, 1997).  

Indirect and sublethal impacts 
Given the focus upon direct mortality and injury in studies concerning invertebrates in underwater 
detonations, this section draws on information from seismic surveys and pile-driving for information relating 
to indirect and sublethal effects. While detonations, seismic airguns and pile-driving are all impulse sounds, 
seismic airguns and pile-driving have longer rise times than detonations; as such, the summary of potential 
impacts from seismic surveys provided in Table 5-6 is only indicative of potential impacts from detonations, 
as is the discussion below for potential impacts from sound and vibration. These potential impacts are 
considered to be highly conservative given the discrete and intermittent nature of training exercises (in 
contrast to the sustained and repetitive exposure of seismic surveys and pile-driving). 

Table 5-6.  Potential impacts of seismic surveys on invertebrates (adapted from Webster (2018)). 

Life Stage Impact type Potential impact of seismic survey 

Adults and 
juveniles 

Mortality Death up to 12 months after survey 

Physical Impacts Auditory system damage (e.g. statocysts) 

Internal organ damage 

Physiological Impacts Physiological impacts (e.g. metabolic rate) 

Immunocompromisation /susceptibility to disease 

Behavioural Impacts Temporary stunning 

Mobility (e.g. tail extension, ability to right themselves) 

Startle or flight response/erratic swimming or burying 

Effects on breeding behaviour 

Acoustic masking 

Larvae and eggs Physical Impacts Yolk displacement/membrane perturbation 

Hearing/movement detection (e.g. statocysts) 
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Life Stage Impact type Potential impact of seismic survey 

Body malformations (larvae) 

Rates of egg/larvae development 

Behavioural Impacts Swimming behaviour (larvae) 

Acoustic marking (larvae) 

Vibration 

Infauna are intimately linked with sediments, and part of their role in benthic ecology relates to bioturbation 
and the structuring of sediments into benthic microhabitats (Roberts, et al., 2016). Direct disturbance of 
sediment (e.g. dredges, trawlers) may alter the sediment stratification, destroying burrows and habitat niches 
for infauna (Ponder et al. 2002, as cited in Currie & Sorokin, 2006). High amplitude vibrations from 
detonations have a similar potential to shuffle sediments and displace or injure infauna (Roberts, et al., 
2016). Shifts in the distribution and abundance of infauna could result in changes to ecosystem function 
(Pinnegar et al., 2000, as cited in Currie & Sorokin, 2006). 

The exact sensitivity of marine invertebrates to vibration are generally unknown; however, anecdotal 
evidence and studies from pile-driving suggest that marine invertebrates are sensitive to vibration as they 
exhibit behavioural and physiological changes in response to vibration in the sediment (Roberts, et al., 
2016). These changes may affect prey availability, as well as interfere with biologically important behaviours 
such as feeding and predator avoidance (Roberts, et al., 2016). 

Sound 

There has been a significant increase in experimental studies relating to the impacts of seismic sound on 
marine species over the last two decades (Webster, et al., 2018) with the findings summarised in reviews 
(e.g. Carroll et al., and Fisheries, both cited in Webster et al., 2018). Potential impacts from sound and 
pressure exposure include physiological changes and altered behaviour, and differ with season, exposure 
pressure, time post-exposure and location.  

Risks to mobile invertebrates (crabs, prawns, lobsters) 

Studies of the southern rock lobster (Jasus edwardsii) exposed to seismic sound found there was no direct 
mortality, however a variety of sublethal impacts were recorded (Day et al, as cited in Webster et al., 2018). 
These impacts included reduced righting ability (attributed to damage to sensory hairs), reduced tail 
extension (symptomatic of fatigue), and haemolymph changes (indicative of trauma or stress). These 
impacts may have indirect effects on survival and reproductive output, through reduced health, altered 
feeding, locomotion, predator avoidance, reproduction and social behaviours. Other research on mobile 
invertebrates (including lobsters, snow crab and shrimp) showed less sensitivity to seismic noise, with no 
haemolymph impacts (Payne et al., cited in Webster et al., 2018) and no animals observed to migrate out of 
the area (Christian et al. and Celi et al., both cited in Webster et al., 2018).  

Risks to immobile invertebrates (pearl oysters, scallops) 

Potential impacts from sound and pressure exposure include mortality, physiological changes and altered 
behaviour. Day et al. (as cited in Webster et al., 2018) exposed scallops (Pecten fumatus) to pressures of 
191-213 dB re 1µPa (peak-to-peak); 181-188 dB re µPa2·s (SEL) and 189-197 dB re 1 µPa2·s (SELcum). 
Mortality was not immediate but rather showed maximum mortality at 120 days post-exposure, and repeated 
exposures showed significant increases in mortality rates. Similarly, physiological impacts to haemolymph 
properties persisted through to 120 days post-exposure, indicating a compromised physiology. With 
exposure to seismic sounds, scallops increased the rate at which they recessed into the sediment, and this 
increase grew with repeated exposure and persisted through to 120 days post-exposure, suggesting a 
chronic alteration in this response. Scallops were also slower to right themselves and displayed a novel 
flinching response with exposures up to 350 m from the source. Other reports of altered behaviour include 
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changes in bioturbation in clams (Ruditapes philippinarum) (Solan et al., as cited in Webster et al., 2018). 
None of the sub-lethal impacts have been shown to affect the value of scallops to fisheries (Webster, et al., 
2018).  

Cumulative impacts 
Cumulative effects resulting from exposure to underwater detonation are unknown and would be difficult to 
distinguish amongst the confounding effects of multiple stressors (e.g. climate change, ocean acidification, 
altered fishing practices, other developments, and natural disturbances such as storms). The cumulative 
impact on mortality is the cumulative effects of all physical and behavioural impacts affecting direct and 
indirect mortality (Webster, et al., 2018). The cumulative impacts on catchability (i.e. reduction in catch) is the 
cumulative effect of all physical and behavioural impacts relating to species migration out of the area 
(Webster, et al., 2018). 

Cumulative impacts are mitigated by varying the location of the Training Footprint within the Operational 
Envelope, which accommodates the variable recovery times of the above studies. 

Predicting impacts 
Predictions of invertebrate mortality based on distance from various charge sizes can be made based on the 
scaling laws of detonations (Cole, cited in Keevin & Hempen, 1997). The relationship between charge weight 
and peak pressure is not linear but cube-scaled, so that a 1 kg charge produces half the pressure of an 8 kg 
charge (Hubbs & Rechnitzer, 1952). At short-distances, effects from the direct shock wave can be modelled 
by the cube root of the charge, and Young (1991) provides 90% survivability models for shrimp, lobsters, 
oysters, and crabs, as well as fish without swim bladders (which are similarly resistant to underwater 
detonations) giving the following equations: 

◼ Shrimp  RS = 5.39 WE1/3 

◼ Lobster  RL = 18.5 WE1/3 

◼ Oysters  RO = 37.4 WE1/3 

◼ Crabs  RC = 63.4 WE1/3 

where: R = Range in feet; WE = Weight of Detonation in pounds 

Table 5-7 shows the 90% survivability (LD10) ranges for invertebrate species at Swanbourne and Lancelin, 
using Young's (1991) equations. For the most vulnerable invertebrate, crabs, 90% of crabs exposed to the 
underwater detonations are expected to survive at distances greater than 22 m from the 0.5 kg detonation at 
Swanbourne, and 48 m from the 5 kg detonation for Lancelin.  

Table 5-7.  90% survivability range for invertebrates at Swanbourne and Lancelin, using Young's (1991) 
equations. 

Species 90% survivability range 

Swanbourne: 0.685 kg (1.5 lb) charge1 Lancelin: 6.85 kg (15.1 lb) charge1 

Shrimp 1.9 m (6.2 ft) 4.1 m (13.3 ft) 

Lobster 6.5 m (21.2 ft) 13.9 m (45.7 ft) 

Oysters 13.1 m (42.9 ft) 28.1 m (92.4 ft) 

Crabs 22.2 m (72.7 ft) 47.8 m (156.7 ft) 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 
equivalent to RDX-based charges with the highest equivalent demolition power of the proposed charges.  

The Training Footprint will be sited over areas of bare sand/sparse vegetation, avoiding the richer 
invertebrate assemblages and the commercially important WRL associated with seagrass meadows and reef 
habitats. Research has shown that many of the more abundant infauna (polychaete worms, bivalve molluscs, 
small crustaceans) tolerate natural sediment disturbance and readily recolonise by larval settlement and, 
over short distances, migration of adults (Kaly & Jones, 1990, as cited in ECOS Consulting, 1996). The 
disturbance in the area of impact is similar to that of dredging (ECOS Consulting, 1996), and the area is 
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anticipated to be rapidly recolonised by benthic invertebrates from the surrounding area (HDR Corporation & 
LGL Limited, 2015).  

5.2.3 Fish 
The effects of underwater detonations on fish have been well documented. This section provides a brief 
overview of the fish assemblages at Swanbourne and Lancelin and summarises the potential impacts 
resulting from the pressure waves and sound of underwater detonations and the distances / sound levels at 
which such impacts may be observed. 

Receiving environment 
Most fish stocks in the area of both UTRs are temperate species. Important State managed commercial 
fisheries along the west coast include the Western Rock Lobster abalone, scallop, shark, King George 
Whiting (Sillaginodes punctata) and prawns (Department of the Environment, Water, Heritage and the Arts, 
2007). These species are also valued by recreational and chartered fishing. Additional species targeted 
commercially/recreationally are provided in Table 5-8. 

Table 5-8.  Commonly caught and recreationally and/or commercially-targeted fish species in the Swanbourne 
and Lancelin areas 

Common name Scientific name Common name (cont.) Scientific name (cont.) 

Australian Herring Arripis georgianus Sea Mullet Mugil cephalus 

Baldchin Grouper Choerodon rubescens Skipjack Trevally Pseudocaranx georgianus 

Breaksea Cod Epinephelides armatus Snook Sphyraena novaehollandiae 

Cobbler Cnidoglanis macrocephalus Tailor Pomatomus saltatrix 

Common Blowfish Torquigener pleurogramma West Australian Dhufish Glaucosoma hebraicum 

Garfish Family Hemiramphidae Western Australian Salmon Arripis truttaceus 

Leather jacket several species Whiting Sillago sp. 

Mulloway Argyrosomus hololepidotus Wrasse several species 

Pink Snapper Pagrus auratus Yellow-eye Mullet Aldrichetta forsteri 

Roe’s Abalone Haliotis roei Yellowtail Scad Trachurus novaezelandiae 

Samsonfish Several species   

Conservation significant fish species 
No conservation significant finfish species have been identified within the search areas surrounding the 
Proposal, however a search of the Commonwealth Environmental Protection and Biodiversity Conservation 
Act 1999 (EPBC Act) protected matters database (Appendix A) on 18 February 2020 reported that the Great 
White Shark (Carcharodon carcharias), Grey Nurse Shark (Carcharias taurus), Whale Shark (Rhincodon 
typus), Porbeagle shark (Lamna nasus), Coastal Manta Ray (Manta alfredi) and Oceanic Manta Ray (Manta 
birostris), and 26 sygnathid species, may potentially occur (or have habitat occurring) within 10 km of the 
UTRs. 

Syngnathidae is a family of fish which includes seahorses, pygmy pipehorses, pipehorses, seadragons and 
pipefishes; collectively referred to as syngnathids. For most species, there is little information on their 
distribution, abundance and critical habitats, and so despite some species being common and widespread, 
the entire family is protected (Baker, 2006). Most syngnathids inhabit shallow bays and coastal areas of the 
continental shelf in warm temperate to tropical waters, particularly nearshore seagrass meadows and 
macroalgae-dominated reefs (Baker, 2006). 
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Potential impacts 
The impacts of underwater blasts on fish have been well-documented (see reviews by Lewis, 1996; Keevin & 
Hempen, 1997; Continental Shelf Associates, Inc., 2004; Dunlap Kolden & Aimone-Martin, 2013; and 
Popper, et al., 2014). This section provides an overview of the lethal, sublethal and cumulative impacts 
associated with underwater detonations and impulse sounds. 

Direct mortality 
Fish typically have a much larger lethal impact zone than other marine fauna (Lewis, 1996). The broad 
conclusion is that at close range (within metres), underwater detonations are lethal to almost all fish species, 
however at greater distances it is predominantly the presence of a swim bladder which determines 
vulnerability to shock (Yelverton, et al., 1975; Continental Shelf Associates, Inc., 2004).  

Most bony fish have a swim bladder, a gas-filled hydrostatic organ in the abdomen that primarily aids in 
regulating buoyancy, and it has been shown to be particularly vulnerable to the damaging expansion caused 
by the negative pressures of bubble oscillations and surface-reflections (Continental Shelf Associates, Inc., 
2004; Hubbs & Rechnitzer, 1952; Popper, et al., 2014). Goertner et al. (cited in Lewis, 1996) graphically 
demonstrated the contribution of gas-filled cavities to underwater detonation injuries by injecting air into the 
abdomen of fish without swim bladders to simulate the presence of a swim bladder. Post detonation 
exposure, fish with air injections had extensive trauma to internal organs, whereas fish without appeared 
unharmed. Similarly, fish with swim bladders may respond like fish without swim bladders, depending on the 
extent to which the swim bladder is inflated (Halvorsen et al., cited in Popper et al., 2014). The range over 
which a fish with a swim bladder may sustain damage is in the order of 100 times greater than for fish 
without swim bladders (Goertner, cited in Popper et al., 2014). 

Yelverton et al. (1975, p. 5) describes fish without swim bladders as “practically invulnerable to underwater 
shock”. While they are certainly more tolerant of detonations, fish without swim bladders will still be killed or 
injured within very short distances of an in-water detonation (Dunlap Kolden & Aimone-Martin, 2013; Popper, 
et al., 2014). Such injuries include lethal blood loss from gill haemorrhage (attributed to oscillations of gas 
microbubbles in the gill epithelium) in addition to cranial haemorrhage from differential motion of the otoliths 
(Goertner, et al., 1994). 

In most situations, mortality in fish is due to organ and tissue damage and internal bleeding (Continental 
Shelf Associates, Inc., 2004). The most commonly injured organs are those with air spaces and include the 
body cavity, pericardial sac and gut, however swim bladder injuries are the most frequently observed (Lewis, 
1996; Continental Shelf Associates, Inc., 2004). The rapid contraction and expansion of the swim bladder 
may damage proximal organs, such as the kidney, spleen and liver; this damage may result in delayed 
mortality (Keevin & Hempen, 1997; Popper, et al., 2014). 

Indirect and sublethal impacts 
Hubbs and Rechnitzer (1952, p. 346) adopted a strict damage criteria in which any injury was interpreted as 
probable death as it was considered “highly probable that most fish seriously injured by a blast would 
succumb later, through weakness, disease, or predation”. Predation upon killed or incapacitated fish can be 
substantial, particularly for smaller fish (Continental Shelf Associates, Inc., 2004), and there have been 
observations of opportunistic predation by sea-lions (Hubbs & Rechnitzer, 1952), birds (Teleki & 
Chamberlain, cited in Dunlap Kolden & Aimone-Martin 2013) (Dunlap Kolden & Aimone-Martin, 2013) and 
other fish (Fitch & Young, cited in Lewis, 1996). However, Hubbs and Rechnitzer (1952) also note this 
damage criteria may have been too rigid as, under favourable conditions, possibly many of the affected fish 
(particularly those that were only stunned) could recover with no permanent harm. Yelverton et al. (1975) 
found that fish had survived even extremely serious injuries such as swim bladder rupture, and studies by 
Gaspin et al. and Gaspin (cited in Lewis, 1996) found that in a holding tank, fish would survive and heal. 
However, reduced fitness during recovery may increase vulnerability to predation and disease, and seriously 
injured fish are unlikely to survive in the wild (Gaspin, cited in Popper et al., 2014). 

Recoverable injuries include fin hematomas, capillary dilation, and loss of sensory hair cells (Popper, et al., 
2014), light haemorrhaging (Gaspin, cited in Lewis 1996), as well as damage to the nervous system, brain, 
and swim bladder, affecting swimming (Lewis, 1996). Continental Shelf Associates, Inc. (2004) states that 



 

Project number EST04718 File Technical Assessment of Ecological Effects_Rev0.docx, 2020-04-06 Revision 0  42 

sublethal effects are more likely to involve temporary or permanent impacts to hearing and sound detection. 
Canadian guidelines note that sublethal impacts including behavioural changes have been observed in 
response to the noise of detonations (Wright & Hopky, cited in Popper et al., 2014). Damage to hearing, 
orientation, and the endocrine and nervous system could present as unusual behaviour (Continental Shelf 
Associates, Inc., 2004).  

A summary of potential indirect and sublethal impacts on finfish is presented in Table 5-9 below. 

Table 5-9.  Potential indirect and sublethal impacts on fish (adapted from Webster et al. (2018)). 

Life Stage Impact type Potential impact of seismic survey 

Adults and 
juveniles 

Mortality Death up to 12 months after survey 

Physical Impacts Lateral line damage 

Auditory system damage  

Damage to internal organs (e.g. swim bladder) 

Physiological Impacts Increased serum cortisol, glucose & lactate 

Hearing loss or hearing threshold shifts 

Elevated ventilation response 

Behavioural Impacts Temporary stunning 

Startle or flight response/erratic swimming 

Change in vertical position  

Change in horizontal position 

Change in swimming behaviour 

Effects on breeding behaviour 

Acoustic masking 

Displacement (i.e. residency change) 

Larvae and 
eggs 

Physical Impacts Yolk displacement/membrane perturbation 

Disruption to hearing/movement detection 

Body malformations (larvae) 

Changes in egg/larvae development 

Behavioural Impacts Swimming behaviour (larvae) 

Acoustic masking (larvae) 

Fish Hearing 

Fishes have two sensory systems of sound reception (together, called the “octavolateralis system”): the 
lateral line and the ear.  

The lateral line system consists of neuromasts (groups of displacement-sensitive sensory hair cells) which 
detect water motion within one to two body lengths and are important in orientation as well as predator 
avoidance and prey detection (Popper, et al., 2014). The lateral line appears most sensitive to low 
frequencies ranging from below one Hz to between 150 and 200 Hz (Coombs et al., cited in Popper, 2005). 
While conceivable that underwater detonations could damage the lateral line, there is no documented 
evidence of such damage occurring (Hastings et al., cited in Popper et al., 2014). 
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The ear detects sound at considerable distances and over a much wider range of frequencies, ranging from 
20 Hz to several thousand Hz in some species (Popper, 2005). The auditory portion of the ear is the otolithic 
organ (an inner ear structure) consisting of a dense calcareous mass in contact with a sensory epithelium 
which has numerous sensory hair cells (Popper, et al., 2014). These sensory hair cells are practically the 
same in all vertebrates (Coffin et al., cited in Popper, 2005). Relative motion between the otolith and the 
sensory epithelium activate the hair cells, allowing the fish to detect particle motion (Popper, et al., 2014). 
Some fish also have an adaptation providing sensitivity to sound pressure via a mechanical coupling with the 
swim bladder (or other gas-filled structure) which radiates particle motion to the otolithic organs (Popper, et 
al., 2014). These adaptions increase hearing sensitivity and broaden the range of frequencies heard 
(Popper, et al., 2014). 

Sharks and rays 

Elasmobranchs (sharks, rays and skates) lack a swim bladder and so are less vulnerable to trauma from 
extreme pressure changes than fish with swim bladders and lack any swim bladder-assisted sensitivity to 
sound pressure (Popper, et al., 2014). Studies indicate that elasmobranchs may detect sound from 50 Hz to 
500 Hz (Normandeau Associates 2012, cited in Parnum et al., 2018) and, like other cartilaginous fish, may 
be most responsive to low frequency noise (Myberg, cited in Parnum et al., 2018). In the absence of further 
information, Parnum et al. (2018) suggest that Popper et al.’s (2014) guidelines for fish lacking swim 
bladders are appropriate criteria for sharks as well.  

Noise and hearing-related impacts 

If sounds are sufficiently loud to be detected and fall within their hearing range, the effects on fish may range 
from a minor behavioural change, such as a temporary ‘startle response’, to death (Popper, 2005). Between 
these extremes, possible effects include: significant behavioural changes (such as vacating a breeding or 
feeding site or altering migration routes); masking of biologically relevant sounds (hindering detection of 
predators and prey); changes in physiology, neural function and development; damage to the hair cell sensor 
receptor causing TTS or PTS; and/or damage to non-auditory tissues (Popper, 2005; Dunlap Kolden & 
Aimone-Martin, 2013; Popper, et al., 2014). Death and catastrophic injury can result from very high 
amplitude sounds (Carlson & Johnson, cited in Popper et al., 2014), additional to the effects of barotauma 
from impulsive sounds (Popper, et al., 2014). Sensory hair cells and otoliths can be temporarily or 
permanently damaged by rapid changes in pressure and extended exposure to intense sound (McCauley et 
al., cited in Popper, 2005). Damage to the octavolateralis system may present as behavioural change, with 
disruption of orientation, locomotion, and predator avoidance (McCauley et al., cited in Dunlap Kolden & 
Aimone-Martin, 2013).  

There is no data available on the effects of detonations on fish hearing or behaviour, however data suggests 
TTS or PTS may occur at high sound levels, particularly in fish where the swim bladder enhances detection 
of sound pressure (Popper, et al., 2014). TTS is of variable magnitude and duration, and results from 
temporary damage to sensory hair cells and auditory nerves (Popper, et al., 2014). Unlike mammals, 
sensory hair cells are constantly added in fish, mitigating the effects of sound-induced hair cell death 
(Popper, et al., 2014). While experiencing TTS, fish may have decreased fitness with respect to 
communication, auditory scene analysis and predator detection (Caltrans, 2009; Popper, et al., 2014). PTS 
can result from death of the sensory hair cells, damage to auditory nerve fibres, or damage to other tissues 
such as the swim bladder (Popper, et al., 2014, p. 18). Fish with swim bladder-assisted hearing may be less 
vulnerable to auditory damage at greater depths, as the increased hydrostatic pressure may result in denser 
swim bladder gas stiffening the swim bladder and thus reducing hearing sensitivity (Rogers and Zeddies, 
cited in Popper et al., 2014). 

There are no guidelines for multiple blasts, and Continental Shelf and Associates, Inc. (2004) suggest that, 
given recovery from TTS may require minutes or days, that the energy of all blasts within a day be totalled 
when determining the TTS threshold distance. Levels above 160 dB may alter fish behaviour and movement 
and ongoing, long-term exposure to levels above 180 dB may damage sensory hair cells of some fish 
(Continental Shelf Associates, Inc., 2004). 
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Behavioural impacts 
There is little information on the behavioural effects of wild fish in response to detonations (Popper, et al., 
2014). Effects are likely to vary according on the species and individual hearing sensitivity, the current 
activity engaged in, and the context of the sound (Hawkins & Popper, cited in Parnum et al., 2018). 
Behavioural responses include: startling, increased swimming behaviour, changes in orientation and depth, 
altered schooling patterns and distribution, avoidance behaviour, and seeking refuge amongst benthic 
habitat (Parnum, et al., 2018; Popper, et al., 2014; Webster, et al., 2018) (Table 5-9). Reductions in 
commercial line and trawl catches of fish and increases in static gill net catches have been observed after 
seismic surveys, attributed to an increase in swimming activity (Løkkeborg et al., cited in Popper et al., 
2014). The presence of a swim bladder is likely to increase the frequency range and distance at which 
noises can be detected, thus increasing the potential influence (Popper, et al., 2014) . 

Single, loud pulses may only have a temporary impact on behaviour (Continental Shelf Associates, Inc., 
2004). A startle response (if the signal is of sufficient magnitude) would last less than a second and would 
not necessarily induce any significant behavioural change (Popper, et al., 2014). Multiple observations 
suggest that detonation charges are not an effective deterrent in driving fish away or preventing them from 
feeding (Hubbs & Rechnitzer, 1952; Lewis, 1996). Coker and Hollis (cited in Lewis, 1996) observed that the 
species composition appeared the same following detonations (i.e. particular species were not frightened 
from the area), however observations from Fitch and Young (cited in Lewis, 1996) suggest that species 
composition the following day may reflect that some species have been attracted to the area to feed on killed 
and injured fish.  It is possible that some species of fish would move away from a sound source (Caltrans, 
2009), and temporary avoidance of an area may result in temporary and localised changes in distribution 
(Parnum, et al., 2018). The Department of Fisheries (2013) note that behavioural changes such as 
avoidance, dispersal and altered feeding patterns can reduce the availability of commercially-valuable or 
recreationally-iconic species. 

Factors affecting fish mortality and injury 
At close range, underwater detonations are lethal to most fish species, regardless of size, shape or anatomy 
(Lewis, 1996; Continental Shelf Associates, Inc., 2004). At greater distances, the impact is affected by a 
myriad of biological factors including: fish anatomy and size, life stage, depth of the fish in the water column, 
and orientation and distance from the blast (Lewis, 1996; Continental Shelf Associates, Inc., 2004). Some 
fish species are considered more vulnerable than others due to physical (e.g. size, anatomy) and 
behavioural (e.g. schooling, spawning aggregations) differences (Department of Fisheries, 2013). The effects 
of anatomy and size, depth and orientation, and life history are discussed below and highlight some of the 
complexities involved in predicting impacts. 

Effect of anatomy and size 

Swim bladder-related injury is influenced by the anatomy of the swim bladder and body. Species with less 
well-developed swim bladders, a swim bladder positioned away from other organs, or less body rigidity, 
suffer less damage to organ systems (Ogawa et al. and Wiley et al., both cited in Keevin & Hempen 1997). 
Fitch and Young (cited in Lewis 1996) found that with fish with thick-walled swim bladders and cylindrical 
bodies were less vulnerable than thin-walled species with laterally compressed bodies. 

Teleki and Chamberlain (cited in Keevin & Hempen 1997) theorised that, of the species of fish with swim 
bladders, physostomous fish (ducted swim bladders) would be more tolerant of detonations than 
physoclistous fish (nonducted swim bladders). Physostomous fish have a small duct connecting the swim 
bladder to the gastrointestinal tract and control air in their swim bladders by gulping air or releasing it from 
the gut (Yelverton, et al., 1975; Popper, et al., 2014). Physoclistous fish do not have this connection and 
control air in their swim bladders through a special gland (Popper, et al., 2014). This was tested by Yelverton 
et al. (1975), finding little or no difference in LD50 (Figure 5-3). It is generally considered that the rapid rise-
time and associated rarefaction wave is too fast for even physostomous fish to adjust before sustaining 
barotrauma (Popper, et al., 2014). 
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Small fish are more vulnerable than large fish to underwater detonations. Yelverton et al.’s (1975) study of  
physostomous and physoclistous fish showed that the magnitude of impulse for LD50 increased with fish 
mass (for fish ranging from 0.02 to 800 g), and this was true within and between species (Figure 5-3).  

 
Figure 5-3.  Response of fish to underwater detonations as a function of impulse and body weight 

Figure shows no significant difference between physostomous (ducted) and physoclistous (non-ducted) fish 
but a linear relationship between impulse and fish weight in relation to injury and LD50 (Yelverton, et al., 
1975, p. 21).  

Effect of depth and orientation 

Depth within the water column plays a role in the severity of impacts. Hubbs and Rechnitzer (1952) observed 
that fish near the surface exhibited more blast damage than fish which were deeper in the water column and 
closer to the detonation. This observation was only partly explained by swim bladder presence as relatively 
few bottom-dwelling fish species with swim bladders were killed (Hubbs & Rechnitzer, 1952). Hubbs and 
Rechnitzer (1952) postulated that the damage to near-surface fish resulted from the sudden compression 
and negative pressure of the surface-reflected wave, to which fish with swim bladders were particularly 
vulnerable. The destructive impact of negative pressures on swim bladders is supported by dissection 
observations showing that swim bladders had been blown outwards (Anonymous, cited in Hubbs & 
Rechnitzer, 1952). Goertner et al. (cited Popper et al., 2014) also reported decreasing susceptibility with 
increasing depth, which was attributed to the decreasing difference between hydrostatic and detonation 
pressures. Lewis (1996) suggests that injuries to fish on the bottom result from the initial compressive wave, 
whereas the swim bladder damage near-surface (and at greater distances) is due to the surface-reflected 
wave. 

Orientation to the blast also affects severity of injury. Fish which were ventrally exposed to the detonation 
experienced the greatest damage, and fish facing the detonation sustained less damage than those with 
broad-side exposure (Sakaguchi et al., cited in Continental Shelf Associates, Inc., 2004). 

Effect of life history: Eggs and larvae 

The life stage of fish (i.e. egg, larvae, juvenile, adult) is likely to affect vulnerability (Department of Fisheries, 
2013) however the likelihood and severity of impacts at various life stages is uncertain (HDR Corporation & 
LGL Limited, 2015).  

Current literature regarding eggs and larvae focuses on barotrauma rather than hearing (Popper, et al., 
2014). Damage to eggs and developing embryos from shock relates to disruption of the vitelline membrane 
and displacement of the embryo (Smirnov, cited in Popper et al., 2014). The timing of swim bladder 
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development can affect the survival of larval fish, with newly hatched fry able to survive blasts which killed 
older fry who had developed swim bladders (Rasmussen, cited in Lewis 1996). 

The importance of considering breeding cycles and spawning periods in impact assessment is reflected by 
Canadian guidelines, which limit blast overpressure to 2.7 psi (19 kPa) when fish are present and limit peak 
particle velocities to 13 mm/s in spawning beds during periods of egg incubation (Dunlap Kolden & Aimone-
Martin, 2013; Wright and Hopky, cited in Popper, et al., 2014). A literature review by Dunlap Kolden and 
Aimone-Martin (2013) suggests that these guidelines are overly conservative, with several studies 
suggesting the onset of mortality in salmonid embryos is approximately 147 mm/s and juvenile salmonids are 
susceptible to injury from overpressures at 10.0 psi (69 kPa). Spawning periods selected key finfish fishery 
species in the West Coast bioregion are shown in Table 5-10. 

The impacts of noise on eggs and larvae included reduced egg viability and larval growth rate (Department of 
Fisheries, 2013). A study by Banner and Hyatt (cited in Caltrans, 2009) found increased mortality in eggs and 
embryos exposed to broadband noise (100 – 1,000 Hz) approximately 15 dB above ambient sound levels, but 
this sensitivity varied with species. Additionally, the pelagic larval stage of coastal fish species are responsive 
to sound cues during settlement, and so hearing impairment could affect their survival and fitness (Continental 
Shelf Associates, Inc., 2004; Webster, et al., 2018). 

Table 5-10.  Spawning period (indicated in black) for selected key finfish fisheries species in the West Coast 
bioregion (Department of Fisheries, 2013) 

Species 
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Baldchin groper (Choerodon rubescens)             

King George whiting (Sillaginodes punctata)             

Pink snapper (Pagrus auratus)             

Sandbar shark (Carcharhinus plumbeus)             

Spanish mackerel (Scomberomorus commerson)             

West Australian dhufish (Glaucosoma hebraicum)             

Population-level and long-term effects 
The death of an individual fish may rate some importance if it is a protected species, however short-term 
impacts (e.g. brief startle response, altered swim direction) on individuals and schools are less important than 
long-term population and ecosystem effects (Popper, et al., 2014). Sound exposure can have population 
effects if it impairs reproduction or feeding, alters migration, reduces growth, impairs hearing, or causes 
sublethal injury resulting in reduced survival  (Continental Shelf Associates, Inc., 2004; Popper, et al., 2014). 
Such effects may range from temporary to several weeks if a population is displaced from an area (Popper, et 
al., 2014). Potential long-term population-level impacts include reduction in spawning or recruitment success 
which can reduce yield (and spawning stock) in subsequent years and reduce diversity  (Continental Shelf 
Associates, Inc., 2004; Department of Fisheries, 2013).  

Cumulative impacts 
Underwater detonations do not appear to affect the ongoing use or community composition of an area, and 
open-waters have a highly variable fish presence and with fish migrating and passing through (Teal 
Solutions, 2017). Hubbs and Rechnitzer (1952) observed that while repeated blasting can depopulate an 
area, repopulation can occur within a few months. Cumulative impacts on catchability (i.e. reduced catch) 
and mortality are the cumulative effects of all physical and behavioural impacts relating to species direct and 
indirect mortality, changes in reproductive capacity, migration out of the area and collapse of aggregations 
(Webster, et al., 2018). 
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Predicting impacts 

Lethal range due to shockwave 
The deaths of a small number of fish common to the area is generally considered acceptable (Young, 1991), 
and the main goal regarding fish populations is to predict impacts, rather than set “safe ranges” for mitigation 
and/or monitoring (Continental Shelf Associates, Inc., 2004).  

Young (1991) developed separate equations predicting 90% survivability (LD10) for fish with and without 
swim bladders. For fish without swim bladders (which are relatively invulnerable to underwater detonation 
pressures), Young (1991) used cube-scaling: 

R= 3.38 WE1/3 

where:  

◼ R = Range in feet;  

◼ WE = Weight of Detonation in pounds 

Using Young’s (1991) equation gives a 90% survivability range for fish without swimbladders of 1.2 m at 
Swanbourne and 2.5 m at Lancelin (Table 5-11). 

Table 5-11.  90% survivability range for fish without swimbladders (based on Young (1991)). 

Fauna group 90% survivability range (m) 

Swanbourne: 0.685 kg charge1 Lancelin: 6.85 kg charge1 

Fish without swimbladders 1.2 m 2.5 m 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 
equivalent to RDX-based charges with the highest equivalent demolition power of the proposed charges.  

For fish with swim bladders, Young (1991) used the dynamic model (the swim bladder oscillation model) and 
his equation is based on experimental data and injury related to both compressive and rarefactive waves in 
relatively shallow depths (i.e. less than 15 m). The equation reflects that small fish are more vulnerable than 
large fish, and that fish near the surface are more vulnerable than fish deeper in the water column (Young, 
1991).  

R = 95 WF -0.13 WE0.28(DOB)0.22 

where:  

◼ R = Range in feet 

◼ WF = Weight of Fish in pounds 

◼ WE = Weight of Detonation in pounds 

◼ DOB = Depth of Burst in feet 

Using Young’s (1991) equation for a detonation at 8 m gives a 90% survivability range for 1 g fish with 
swimbladders of 148 m at Swanbourne and 281 m at Lancelin (Table 5-12). The 90% survivability range is 
roughly halved for 250 g fish with swimbladders (i.e. 72 m at Swanbourne and 137 m at Lancelin). 

Table 5-12.  90% survivability range for fish with swimbladders (based on Young (1991)). 

◼ Fish weight 
(g) 

90% survivability (m) for fish with swimbladder 

Swanbourne: 0.685 kg charge1 Lancelin: 6.85 kg charge1 

DOB: 4 m DOB: 8 m DOB: 4 m DOB: 8 m 

1 127 148 242 281 

10 94 110 179 209 
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◼ Fish weight 
(g) 

90% survivability (m) for fish with swimbladder 

Swanbourne: 0.685 kg charge1 Lancelin: 6.85 kg charge1 

DOB: 4 m DOB: 8 m DOB: 4 m DOB: 8 m 

250 62 72 118 137 

500 57 66 108 125 

1,000 52 60 98 115 

2,000 47 55 90 105 

10,000 38 45 73 85 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 
equivalent to RDX-based charges with the highest equivalent demolition power of the proposed charges.  

Despite the acceptability of fish kill in small numbers, Young (1991) notes that detonations should be 
delayed until schools of fish leave the area. 

Sound exposure guidelines 
Parnum et al. (2018) undertook a review of literature and international regulations relevant to pile-driving 
activities, and considered the sound exposure guidelines developed by the Working Group on the Effects of 
Sound on Fish and Turtles (Popper, et al., 2014) (Table 5-22) to represent the best available science for fish 
and turtles.  

These guidelines (Popper, et al., 2014) adopt some of the general approaches used in setting guidelines for 
marine mammals (Southall, et al., 2007) (see Section 5.2.4), but alter the format in consideration of:  

◼ Greater numbers of species (approximately 32,000 species of fish versus 130 species of mammal); 

◼ Greater diversity (anatomy, physiology, ecology) in fish; 

◼ Fish respond to the particle motion of sound waves (whereas mammals do not).  

◼ Few papers link sound exposure to effects in fish; and 

◼ Little is known about turtle hearing and the role sound plays.  

Setting guidelines for detonations is made difficult by the types of studies conducted, which have used 
different species, types of detonations, charge weights, and methodologies (Popper, et al., 2014). Where 
insufficient data exist to recommend guidelines, the approach was to rate the relative risk (“high”, “moderate” 
or “low”) for each animal group at three distances from the source. These distances are purposefully 
descriptive-only due to the many variables involved, however “near” (N) might be considered in the tens of 
meters from the source, “intermediate” (I) in the hundreds, and “far” (F) in the thousands. The ratings are 
highly subjective but represent the general consensus of the Working Group. 

The sound exposure guidelines represent the received sound level (reported in peak sound pressure 
(SPLpeak) or peak velocity) (see Section 4.3.4 for metric explanation)) known to produce a specific effect 
based on current data. Sound levels that exceed the guideline are likely to result in that effect, with 
increasing sound level producing greater effects.  

◼ Definitions used: 

− Mortality and mortal injury: immediate or delayed death.  

− Recoverable injury: injuries unlikely to result in mortality, such as hair cell damage, minor internal or 
external hematoma.  

− TTS: persistent change (short- or long-term) in hearing sensitivity of 6 dB (may or may not reduce 
fitness). 
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− Behavioural effects: substantial behavioural changes in a large proportion of the animals exposed to a 
sound. This includes long-term changes in behaviour and distribution, such as avoidance of preferred 
feeding and reproduction sites, or alteration of migration patterns. This does not include effects on 
individuals, habituation, or minor behavioural changes such as startle responses or small movements.  

The guidelines for fish (Table 5-13) are based upon a single detonation from dynamite (or a similarly small 
charge) to dismantle in-water structures (Popper, et al., 2014).  

Table 5-13.  Sound exposure guidelines for fish for a single, small-charge detonation (Popper, et al., 2014, p. 38) 

Category Mortality (and 
potentially 
mortal injury) 

Recoverable 
injury 

TTS Behaviour Source of 
guideline 

Fishes with no swimbladder or 
other gas chamber 
(species are less susceptible to 
barotrauma, and hearing is 
restricted to particle motion) 

229 – 234 dB re 
1 μPa (peak 
sound pressure 
level) 

(N) High  
 (I) Low  
 (F) Low 

(N) High  
(I) Moderate  
(L) Low 

(N) High  
 (I) 
Moderate  
 (F) Low 

Hubbs and 
Rechnitzer 
(1952) 

Fishes with swim bladders in 
which hearing does not involve 
the swim bladder or other gas 
volume 
(species are susceptible to 
barotrauma, but their hearing is 
restricted to particle motion) 

229 – 234 dB re 
1 μPa (peak 
sound pressure 
level) 

(N) High  
(I) High  
(F) Low 

(N) High  
(I) Moderate  
(F) Low 

(N) High  
(I) High  
(F) Low 

Hubbs and 
Rechnitzer 
(1952) 

Fishes in which hearing involves 
a swim bladder or other gas 
volume 
(species are susceptible to 
barotrauma and can detect 
sound pressure in addition to 
particle motion.) 

229 – 234 dB re 
1 μPa (peak 
sound pressure 
level) 

(N) High  
(I) High  
(F) Low 

(N) High  
(I) High  
(F) Low 

(N) High  
(I) High  
(F) Low 

Hubbs and 
Rechnitzer 
(1952)  

Fish eggs and larvae 
 

>13 mm s−1 
peak velocity 

(N) High  
(I) Low  
(F) Low 

(N) High  
(I) Low  
(F) Low 

(N) High  
(I) Low  
(F) Low 

Wright and 
Hopky (cited 
in Popper et 
al., 2014) 

 

Popper et al.’s (2014) guidelines for fish are based on Hubbs and Rechnitzer’s (1952) paper, as it represents 
the lowest amplitudes (peak pressures) resulting in mortality. Hubbs and Rechnitzer (1952) conducted 
studies using 1¼ to 10 lb (0.6 to 4.5 kg) of dynamite on a variety of marine species, finding that lethal 
threshold peak pressures ranged from 40 to 70 psi (see discussion of peak pressure in Section 5.2.1.) This is 
the equivalent of 276 to 482 kPa, or 229 to 234 dB re 1 μPa (Popper, et al., 2014). Peak pressure is not a 
good predictor of fish mortality when comparing different types of detonations (Keevin & Hempen, 1997), 
however as dynamite is a high-explosive, the exposure guideline of 229 to 234 dB re 1 μPa should be 
appropriate for the proposed charge types at the UTRs. Using the equation from Soloway and Dahl (2014) 
for predicting peak pressure (see equation associated with Table 5-3), a peak pressure of 276 kPa would 
occur at a distance from detonation of approximately 91 m at Swanbourne and 197 m at Lancelin, while a 
peak pressure of 482 kPa would occur at approximately 56 m at Swanbourne and 120 m at Lancelin (Table 
5-14). 

Other guidelines related to peak pressure include Canadian guidelines which state that an overpressure 
greater than 100 kPa may cause injury to the swim bladder, kidney, liver, spleen and heart (Wright & Hopky, 
cited in Popper et al., 2014). A peak pressure of 100 kPa would occur at a distance from detonation of 
approximately 225 m at Swanbourne and 484 m at Lancelin (Table 5-14).  



 

Project number EST04718 File Technical Assessment of Ecological Effects_Rev0.docx, 2020-04-06 Revision 0  50 

Table 5-14.  Predicted injury ranges for fish at Swanbourne and Lancelin (peak pressures estimations based on 
Soloway and Dahl (2014)). 

Impact Threshold Source of 
guideline 

Swanbourne  
Charge weight 0.685 kg1 

Lancelin  
Charge weight 6.85 kg1 

Mortality (and 
potentially mortal 
injury) 

276 kPa peak 
pressure – to – 

Hubbs and 
Rechnitzer (1952) 

91 197 

482 kPa 56 120 

Injury to the swim 
bladder, kidney, liver, 
spleen and heart  

100 kPa peak 
pressure 

Wright & Hopky, 
cited in Popper et 
al., 2014 

225 484 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 
equivalent to RDX-based charges with the highest equivalent demolition power of the proposed charges.  

The threshold of 40 psi has been suggested by multiple authors as a conservative threshold to estimate fish 
mortality (Baker, 2008). NFMS considered the 40 psi threshold too high to avoid mortality and serious injury 
in smaller species and vulnerable life stages (juveniles, eggs), but an overestimation of ranges for larger fish 
(Baker, 2008). Baker (2008) notes that the 40 psi criterion is an estimate of 50% mortality (LD50) rather than 
the onset of mortality (LD1) and advises that any mitigation to avoid mortality should consider using a 
threshold less than LD1.  

5.2.4 Marine mammals 

Receiving environment 
A search of the EPBC Act protected matters database (Appendix A) on 18 February 2020 reported that two 
species of pinniped (seals and sea lions) and 12 species of cetaceans (whales and dolphins) may potentially 
occur (or have habitat occurring) within 10 km of the UTRs (Table 5-15). Based on their ecology and the 
habitat available at the UTRs, only the Humpback Whale, Indian Ocean Bottlenose Dolphin, Common 
Dolphin, Spotted Dolphin, Risso’s Dolphin, Killer Whale, and the Australia Sea Lion are considered as 
possibly occurring at Lancelin and Swanbourne, with the Indian Ocean Bottlenose Dolphin considered likely 
to occur at Swanbourne (Appendix B). 

Table 5-15.  Marine mammals (or their habitat) potentially occurring within 10 km (from Appendix A) 

Common Name Current Scientific Name 

Cetaceans 

Humpback Whale Megaptera novaeangliae 

Common Dolphin, Short-beaked Common Dolphin Delphinus delphis 

Risso's Dolphin, Grampus Grampus griseus 

Spotted Dolphin, Pantropical Spotted Dolphin Stenella attenuate 

Indian Ocean Bottlenose Dolphin, Spotted Bottlenose Dolphin1 Tursiops aduncus 

Killer Whale, Orca  Orcinus orca 

Southern Right Whale Eubalaena australis 

Pygmy Right Whale Caperea marginata 

Minke Whale Balaenoptera acutorostrata 

Bottlenose Dolphin1 Tursiops truncatus s. str. 

Blue Whale2 Balaenoptera musculus 
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Common Name Current Scientific Name 

Bryde's Whale Balaenoptera edeni 

Pinnipeds 

Australian Sea-lion, Australian Sea Lion Neophoca cinereal 

Long-nosed Fur-seal, New Zealand Fur-seal Arctocephalus forsteri 
1 Indian Ocean Bottlenose Dolphin and Bottlenose Dolphin: 

The taxonomy of bottlenose dolphins has been controversial. Two species are currently recognised: Common Bottlenose Dolphin 
(Tursiops truncatus) and Indo-Pacific Bottlenose Dolphin (T. aduncus). In southwestern WA, T. truncatus is generally found well 
offshore and T. aduncus occurs in coastal and estuarine areas (River Guardians, n.d.). 

 
2 Blue Whale: 

It is generally accepted that there are two subspecies of blue whale in the Southern Hemisphere: Antarctic Blue Whales 
(Balaenoptera musculus intermidia) (typically found south of 60°S) and Pygmy Blue Whales (B. m. brevicauda) (typically found north 
of 55°S), and it is considered that most sightings of blue whales in Australian waters are of the Pygmy Blue Whale (Department of 
Sustainability, Environment, Water, Population and Communities, 2012a). 

Cetaceans 
Cetaceans inhabit almost all marine environments, ranging from shallow bays and estuaries to deep ocean, 
and from polar to tropical waters (Gill, et al., 2006). Some species are restricted to certain areas, whereas 
others undertake seasonal migrations. The confluence of the Leeuwin Current and Capes Current bring 
together tropical (e.g. Short-finned Pilot Whales, Striped and Spinner Dolphins) and Southern Ocean species 
(e.g. Blue Whale, Southern Right Whale) (Gill, et al., 2006). Different species use the region differently: Blue 
Whales feed on krill in upwellings like the Perth Canyon; Sperm, Pilot and beaked whales may be found 
foraging for squid and fish near the upper slope of the continental shelf; pelagic dolphins aggregate with 
seasonal fish production; Southern Right Whales calve in the southern waters; Killer Whales are 
encountered when their preferred prey (fish, squid, seals, Humpback Whales) are present; beaked whales 
are found in deep canyons and offshore waters; and Humpback Whales have a migration corridor along the 
WA coast when moving between tropical breeding grounds in winter and Antarctic feeding grounds in 
summer (Department of Sustainability, Environment, Water, Population and Communities, 2012a; Gill, et al., 
2006). 

The Jurien Bay Marine Park Management Plan (Department of Conservation and Land Management, 2005) 
notes that while six species of toothed whale and eight species of baleen whale have been recorded from 
the marine park, the only cetaceans which are seen regularly are the Humpback Whale and Bottle-nosed 
Dolphin (presumably T. aduncus given the taxonomic confusion (see Note 1 of Table 5-15). Similarly, the 
Southern Right and Humpback Whale are occasional visitors to the Shoalwater Islands Marine Park but the 
Bottlenose Dolphin (presumably T. aduncus)  is the most commonly seen (Department of Environment and 
Conservation, 2007); and the Humpback Whales typically migrate through the Marmion Marine Park 
between August and October while a pod of Bottlenose Dolphins (presumably T. aduncus) appears to have 
its home range in the marine park (Department of Conservation and Land Management, 1992). Striped 
Dolphins are noted as visiting the Marmion Marine Park once or twice annually.  

Cetaceans with biologically important areas (BIAs) intersecting the Proposal are the Humpback, Southern 
Right and Blue Whale, as described in Table 5-16 below. BIAs are areas in which aggregations of a 
regionally significant species are known to display biologically important behaviours such as breeding, 
foraging, resting or migration (Department of the Environment and Energy, 2015). 

Table 5-16.  Cetacean Biologically Important Area (BIAs) intersecting the proposal and associated ecology 

Cetacean Description 

Humpback 
Whales 

A ‘migration’ BIA intersects both the Swanbourne and Lancelin UTRs. 

Humpback Whales migrate annually between their polar summer feeding grounds and their tropical 
winter breeding grounds. Migration BIAs hug the WA coastline from Esperance to the ‘breeding and 
calving BIA’ in the Kimberley (Department of the Environment and Energy, 2015). This migration 
corridor is broken into sections; a nearshore corridor extending approximately 10 km from the coast, 
and an offshore corridor for waters 10 to 60 km from the coast.  
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Cetacean Description 

Typically, on the northbound migration (peak: mid-June to mid-July) they are well offshore (some 
30 nm) and on the southbound migration (peak: late Sept to mid-Oct) they are close to shore, and the 
southbound migration of calf-cow pairs may be up to four weeks after the peak southbound migration 
(Department of the Environment and Energy, 2015; Threatened Species Scientific Committee, 2015j). 
Humpback Whales generally migrate alone or in temporary aggregations, with the exception of calf-cow 
pairs (Department of Sustainability, Environment, Water, Population and Communities, 2012a).Timing 
of migration varies depending on water temperature, sea ice, predation, and prey abundance. A 
bottleneck, where the majority of migrating whales pass within 30 km of the coastline, occurs between 
Geographe Bay and Rottnest (Department of Sustainability, Environment, Water, Population and 
Communities, 2012a). 

Both Swanbourne and Lancelin UTRs are away from known resting and breeding areas for the species. 

Pygmy 
Blue 
Whales 

A ‘distribution’ BIA intersects both the Swanbourne and Lancelin UTRs. 

A distribution BIA (with seasonal high use) for the Pygmy Blue Whale extends from the south coast of 
NSW, around southern Australia, and along the WA coast and up into the Savu Sea (Department of the 
Environment and Energy, 2015). A migration BIA and foraging BIA for the Pygmy Blue Whale occur 
approximately 10 and 20 km off the coast of the LDTA respectively. One of the known significant 
feeding and aggregation areas for the Pygmy Blue Whale is the Perth Canyon, the head of which is 
48 km west of Fremantle, with peak numbers occurring from March to May (Department of 
Sustainability, Environment, Water, Population and Communities, 2012a; McCauley, et al., 2004).  

It is considered that much of the continental shelf and coastal waters are of no particular significance 
and are used for migration and opportunistic feeding (Department of the Environment and Energy, 
2015). 

Southern 
Right 
Whale 

A ‘connecting habitat’ BIA and a ‘calving habitat’ BIA intersect the Swanbourne UTR 

Southern Right Whales feed in the Southern Ocean over summer and migrate to calve and breed in 
warmer coastal waters (Department of Sustainability, Environment, Water, Population and 
Communities, 2012a). A ‘connecting habitat’ BIA for the Southern Right Whale, radiating approximately 
20 km from the coast, hugs southern Australia from Guilderton (WA) to Kangaroo Island (SA) 
(Department of the Environment and Energy, 2015). Within this is a calving BIA, composed of a 1.5 km 
coastline buffer running from Two Rocks (WA) to Kangaroo Island (SA). They are seasonally present 
from May to November, generally aggregating in State waters off the southern Australian coastline. 
Perth represents the northern extent of the core range, however rare sightings have occurred at 
Exmouth (Department of the Environment and Energy, n.d.). 

Pinnipeds 
Although a relatively small population, the mid coast of WA is home to the largest population of Australian 
Sea-lions in WA. Australian Sea-lions utilise a variety of habitats for breeding sites (rookeries) and haul-out 
(resting) areas, including exposed islands and reefs, rocky terrain, sandy beaches and vegetated fore dunes 
and swales (Department of the Environment and Energy, n.d.). Most colonies occur on islands however 
some occur on the mainland. The Jurien Bay Marine Park is noted as a hotspot for the Australian Sea Lion 
(Neophoca cinera) (Department of Conservation and Land Management, 2005). The closest breeding BIAs 
to the Proposal are Buller Island, North Fisherman Island, and Beagle Island, approximately 19 km, 81 km 
and 118 km north of the Lancelin UTR respectively (Department of the Environment and Energy, 2015). The 
pupping season may last for five to seven months (Department of the Environment and Energy, n.d.). Sea 
Lions are unique amongst pinnipeds in that they have small breeding colonies, high site fidelity, poor 
dispersal, and the timing of breeding varies between breeding sites (Department of Sustainability, 
Environment, Water, Population and Communities, 2012c). Individuals will regularly visit haul-out sites and 
make occasional visits to other locations and some male Australian Sea-lions will congregate in bachelor 
colonies on islands along the Perth coast (Department of the Environment and Energy, n.d.); however, the 
nearest haul-out BIA to the Proposal is North Cervantes Island, approximately 37 km north of the Lancelin 
UTR (Department of the Environment and Energy, 2015).  

Australian Sea-lions have a varied diet, including cephalopods (octopus, squid, cuttlefish and nautilus), fish, 
small sharks, benthic invertebrates (e.g. rock lobsters) and sea birds (Department of Sustainability, 



 

Project number EST04718 File Technical Assessment of Ecological Effects_Rev0.docx, 2020-04-06 Revision 0  53 

Environment, Water, Population and Communities, 2012c). Females and juveniles forage throughout the day 
and night; nursing females tend to be benthic feeders, foraging approximately 20-30 km offshore in depths 
up to 150 m, while young sea lions (7-18 months) forage within 10 km of their birth colony (Department of the 
Environment and Energy, n.d.). A foraging BIA for males and females extends from just south of Lancelin to 
north of Dongara (Department of the Environment and Energy, 2015), intersecting the Lancelin UTR. Males 
forage more widely, and have a foraging BIA extending from Garden Island to Geraldton, intersecting both 
the Swanbourne and Lancelin UTRs. The Marmion Marine Park Management Plan notes that the majority of 
sea lions in the Marmion area are males (Department of Conservation and Land Management, 1992). Adult 
males are approximately 185-225 cm and weighing 180-250 kg, whereas females are 130-180 cm and weigh 
65-100 kg, and pups weigh 6.4-7.9 kg (Department of the Environment and Energy, n.d.).  

Potential impacts 

Mortality 
Incidental reports show that underwater detonations are known to kill marine mammals. Fitch and Young 
(cited in Keevin & Hempen, 1997) reported at least three incidents of Californian sea lions killed by 
underwater detonations during survey works. Sea otters have been killed at pressures of 300 psi (2070 kPa) 
and injured at 100 psi (690 kPa) (Wright, cited in Lewis, 1996). Hanson (cited in Lewis, 1996) noted a fur 
seal killed by a 25 lb (11 kg) dynamite charge at 23 m. 

At close ranges, mortality and catastrophic injury may result from damage to the gas-containing organs, 
primarily the lungs and gastrointestinal tract. The main cause of immediate death is suffocation due to lung 
haemorrhage or air emboli resulting in cardiac arrest or stroke (Hill, 1978). Delayed death is usually a result 
of complications such as broncho-pneumonia or peritonitis from gastrointestinal wall perforation (Hill, 1978). 

Factors affecting mammal injury 

As for other species, large mammals are less vulnerable to underwater detonations than small animals (Hill, 
1978). This may be partly attributable to higher energy absorption by the thicker body wall and bones of 
larger animals (Hill, 1978) but also reflects that large, uninflated lungs are less vulnerable than small, fully 
inflated lungs (Clark & Ward and Andersen & Løken, both cited in Hill, 1978). 

Sublethal impacts 
Blast damage in marine mammals has been investigated using submerged terrestrial animals (e.g. Yelverton 
et al. (1973), Richmond et al. (cited in Keevin & Hempen, 1997), cadavers (e.g. Ketten, cited in Baker, 2008) 
and opportunistic post-mortem examination of mammals stranded following detonations (Continental Shelf 
Associates, Inc., 2004; Ketten, 1995). The vulnerability of marine mammals has been inferred from these 
studies, with regard to their adaptations for pressure changes during diving and thicker body wall which are 
thought to make marine mammals less sensitive to underwater detonation than terrestrial mammals (Hill, 
1978). 

Yelverton et al.’s (1973) studies of submerged terrestrial animals at depths up to 3 m found that immersion-
blast injures were largely confined to the lungs and gastrointestinal tract. At shorter ranges there were 
incidences of eardrum rupture, lung haemorrhage and contusions through the gastrointestinal tract. In 
addition to lung and gastrointestinal injury, damage may include haemorrhage at the blubber-muscle 
interface, liver and spleen rupture, and bruising to kidneys (Reidenberg & Laitman, cited in Continental Shelf 
Associates, Inc.).  

With increasing distance, effects of the detonation decrease but impacts in the form of hearing loss and 
behavioural changes may still occur (Baker, 2008). These, and sublethal impacts associated with hearing, 
are discussed in the section below. 
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Noise and hearing-related impacts 

Mammal ears are the organ most sensitive to pressure-related injury (Ketten, cited in Continental Shelf 
Associates, Inc.). Marine mammals evolved from terrestrial mammals and while they retain most of the 
structure and mechanisms of mammalian hearing (e.g. air-filled middle ear and spiral-shaped cochlea), they 
do have some adaptations related to pressure, hydrodynamics and sound receiving in water (Ketten, 1995; 
Southall, et al., 2007). Such adaptations may minimise barotrauma but do not appear to offer any immunity 
from blast trauma (Ketten, 1995).  

There are three general parts in a mammal ear (Continental Shelf Associates, Inc., 2004; Ketten, 1995): 

◼ External/outer ear which captures sound. In marine mammals, the outer ear ranges from functionally 
absent (e.g. cetaceans) to essentially terrestrial (e.g. “eared” seals such as sea lions and fur seals) 

◼ Middle ear which filters and amplifies sound. The air-filled middle ear contains the tympanic membrane 
(eardrum or tympanum) and auditory ossicle bones. The eardrum receives sound vibrations from the 
outer ear and transmits them to the auditory ossicles. 

◼ Inner ear which converts sound into neural impulses. The inner ear contains the spiralled cochlea. Within 
the cochlea is the basilar membrane, a stiff structural membrane, and sensory hair cells. The shape, 
stiffness and thickness of the basilar membrane determines an animal’s hearing sensitivity. Movement of 
the basilar membrane in response to pressure waves deflects the hair cells which are deflected which 
then transmit the sound to the auditory nerves.  

Ketten (1995) categorised hearing-related blast injury based on symptom severity: 

◼ Mild: recoverable. Impacts include pain, vertigo, tinnitus, hearing loss, and tympanic tears 

◼ Moderate: partial hearing loss. Impacts include tympanic membrane haematoma or rupture, and serum 
or blood in the middle ear. A ruptured eardrum could result in a fatal secondary infection (Hill, 1978). 

◼ Severe: PTS or death. Impacts include ossicular fracture/dislocation, inner ear damage and window 
membrane rupture, and cerebral spinal fluid leakage into middle ear. Inner ear damage from detonation 
pressure changes frequently coincides with eardrum rupture and fractures of the middle ear bones. 
Eardrum rupture is not synonymous with PTS but is strongly correlated with distance from a detonation 
and the incidence of PTS. PTS may also occur from damage to hair cells from a single loud event, 
prolonged exposure to loud noise, or chronic noise exposure. PTS from massive inner ear trauma 
severely compromises a marine mammal’s survival. 

There are generalisations which can be made regarding the sensitivity of different groups of marine 
mammals, and this forms the basis for sound exposure criteria (see section “Sound exposure guidelines“ 
page 57). Cetacean hearing is broadly classified as lower-frequency hearing for the suborder Mysticetes 
(baleen whales) and higher-frequency for the suborder Odontoceti (toothed whales) (Baker, 2008). 
Mysticetes are generally believed to hear in the range of 0.01 – 20 kHz range, whereas Odontocetes hear 
over 0.2 – 180 kHz with best hearing between 5 – 100 kHz (Baker, 2008). The odontocete inner ear is 
primarily adapted for echolocation, with exceptional frequency discrimination abilities but comparatively poor 
perception of lower frequencies sounds (Au, cited in Ketten, 1995). Mysticete ears are adapted to the other 
end of the spectrum and hear poorly over 20 kHz but are likely exceptional for frequencies in the 10-100 Hz 
range (Ketten, 1995). Ketten (1995) considered pinnipeds to be equally variable, likening the high-frequency 
harbour seal to a “sea-going cat” whereas elephant seals appear to have infrasonic hearing. Knowledge of 
marine mammal hearing is generally quite limited but, by combining existing audiogram information with 
comparative anatomy and response modelling, the hearing sensitivity of different taxa can inferred (Erbe, 
2011; Southall, et al., 2007). For example, animals are expected to be very sensitive at the frequency of their 
own calls (Erbe, 2011). Species hearing ranges are fixed by basic anatomy, however individual sensitivity is 
influenced by the health and integrity of the ear (Ketten, 1995). 

A major complication in comparing TTS to PTS is that they are not graduations of the same damage 
mechanisms (Ketten, 1995). For example, sharper rise-times and longer duration of peak pressure are 
significant factors for PTS (Ketten, 1995). Noise exposure criteria derived by Southall et al. (2019) have used 
SEL metrics which allow for the duration of a sound to be factored in, and PTS has been estimated based on 
estimates of TTS growth (see “Sound guidelines for TTS/PTS onset”, page 58). 
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Behavioural impacts 
Exposure to sound can have a myriad of impacts upon marine mammals. At low levels, it may be barely 
detectable or hinder auditory scene analysis and communication, alter animal behaviour and cause stress 
responses (Erbe, 2011). Stress responses may also be an indirect impact of sound exposure (e.g. stress 
response to TTS). At higher levels, it can cause TTS or PTS, concussion, affect the vestibular, nervous and 
reproductive systems, and cause various barotraumas (Erbe, 2011) (see above, as well as Section 5.2.1, 
“Barotrauma”, page 29).  

The reaction (if any) in response to sound may depend on the species, age, experience (i.e. habituation or 
sensitisation), current activity, reproductive status, auditory sensitivity, time of day, weather, and a host of 
other factors (Continental Shelf Associates, Inc., 2004; Erbe, 2011). Behavioural responses to sound range 
from subtle responses which are difficult to detect and have few implications, through to avoidance and panic 
reactions (Parnum, et al., 2018). Measured behavioural responses in marine mammals include changes in 
swimming direction and speed, diving and surfacing duration and interval, respiration, and contextual 
behaviours (Erbe, 2011). 

Soundwaves lose energy as they propagate through the environment, and audibility is limited by the sound 
dropping below ambient noise levels or below the detection limit of the receiver (Erbe, 2011). Ambient noise 
levels vary greatly over time and season and between different areas, so the zone of audibility is highly 
variable (Continental Shelf Associates, Inc., 2004). The zone of audibility is expected to be greater than the 
zone of harassment (behavioural response), however behavioural responses in mammals have been seen at 
ranges nearing the threshold of audibility (Erbe, 2011). Responses may occur at great distances from the 
source, for example: ‘‘startle” reactions in sperm whales at 2 km from a seismic survey (Stone, cited in 
Wright et al., 2011); behavioural responses in sperm whales to seismic sound at a distance of 20 km 
(representing a RL of 146 dB re 1 µPa (p-p) or 124 dB re1 µPa2) (Madsen et al., cited in Continental Shelf 
Associates, Inc., 2004); and behavioural responses in narwhals and belugas up to 70 km from ice-breaking 
ships (Erbe, 2011).  

Avoidance responses have been well documented. For example, cetacean diversity along the Brazil coast 
dropped between 1994 to 2004 while seismic surveys were being conducted, with a conspicuous decrease 
in 2000–2001 corresponding to a greater number of seismic surveys (Parente et al., cited in Wright, 2011). 
Similarly, a study in 2010 regarding the behavioural response of Indo-Pacific bottlenose dolphins (Tursiops 
aduncus) in the vicinity of pile-driving associated with construction in the vicinity of Fremantle Harbour found 
that there were significantly more dolphin transit events when no pile-driving activity was occurring (Paiva et 
al., cited in Parnum et al., 2018). 

A response may not be significant at an individual, population, or species-level (Continental Shelf 
Associates, Inc., 2004). Mysticetes have been shown to modify their direction of travel and calling behaviour 
in response to the low-frequency sound pulses of seismic airguns (McCauley et al., Green et al., both cited in 
Continental Shelf Associates, Inc., 2004). In the case of altered migration pathways, the change may be of 
little consequence if the route is varied to avoid a noise but is still within the natural migration corridor 
(Continental Shelf Associates, Inc., 2004). However, if a noise displaces marine mammals from a BIA for an 
extended time period, the impacts may be significant (Continental Shelf Associates, Inc., 2004) (see Section 
5.2.1 “Behavioural impacts”, page 32, for further discussion of the biological significance of behavioural 
impacts). 

Southall et al. (2007) note that startle responses, and even strong behavioural responses, are unlikely to last 
long enough to comprise a significant disturbance or have long-term consequences. The exception to this is 
responses that may result in injury or death (Southall, et al., 2007). For example, Klima et al. (1988) looked 
at the relationship of 40 strandings of dolphins (mostly bottle-nose dolphin, Tursiops truncatus) over a period 
coinciding with detonation events (oil platform removal offshore). The results were inconclusive, however 
more dolphins were found stranded in Statistical Area 18 during the 19 March-19 April time period in 1986 
(with 22 nearshore detonations), than in the 1985, 1987, or 1988 periods (with only 1 detonation in 1988). 
Cetaceans are thought to potentially respond behaviourally at sound levels below those causing direct injury 
in a way which can lead to barotrauma injury, death and mass strandings (indirect impacts) (Erbe, 2011; 
Wright, et al., 2011). For example, a stress or startle response causing a diving mammal to surface too 
rapidly would account for the decompression sickness-like lesions (i.e. where dissolved gases (mostly 
nitrogen) have come rapidly out of solution) seen in beaked whales which have been found stranded 
coincident with naval exercises  (Wright, et al., 2011). Wright (2011) considered that activities producing 
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sound with high rise-times or high sound levels should be heavily restricted in deeper waters where the 
acoustic signal may overlap with areas where deep-diving species such as beaked-whales are likely to be 
present. 

The use of “seal bombs” and other sharp pulse sound deterrents demonstrate how some marine mammals 
will tolerate the noise of underwater detonations (Mate & Harvey, cited in Keevin & Hempen 1987). Seal 
bombs have been used to deter seals, sea lions and other mammals from feeding on fish, and while the 
initial exposure to such sounds will startle animals and potentially motivate them to vacate an area, the 
general consensus is that the animals learn the noises are not harmful and will tolerate intense sound to 
access food (habituation) (Mate & Harvey, cited in Keevin & Hempen 1987). Similar observations have been 
made with dynamite used to keep killer whales away from longlines and various detonation charges used to 
deter dolphins and porpoises from fishing gear (Jefferson and Curry, cited in Continental Shelf Associates, 
Inc., 2004). Odontocetes may even be attracted to the fish killed by such detonation (Continental Shelf 
Associates, Inc., 2004).  

Hearing-related impacts may potentially occur without evidence of a behavioural response. Numerous 
accounts of grey whales and humpbacks being seemingly unaffected by detonation noise (Continental Shelf 
Associates, Inc., 2004) are offset by mentions of such whales being considered close enough to the 
detonation to suffer hearing damage and barotrauma (Ketten, 1995) and other mammals (e.g. sea lions) 
being killed (Fitch and Young, cited in Keevin & Hempen, 1997). Todd et al. (cited in Keevin & Hempen, 
1997) found little behavioural response in humpback whales (Megaptera novaeangliae) to the detonations 
associated with construction works, however there was a significant increase in entanglement with fishing 
nets. This may reflect hearing damage affecting their ability to detect nets using acoustic cues (Keevin & 
Hempen, 1997). 

Cumulative effects 
The most significant impacts to populations are likely to be due to behavioural responses rather than direct 
physical injury or mortality (Ellison et al. & Dahl et al., both cited in Parnum, et al., 2018). Frequently 
occurring and repeat blasts may result in behavioural changes or TTS which affects biologically important 
behaviours (Baker, 2008). Furthermore, behavioural responses may change with continued exposure if 
animals become habituated or sensitised to the noise of underwater detonations (Parnum, et al., 2018) and 
the zones of influence with respect to harassment may need to be reassessed accordingly.  

The biological significance of acoustic impacts are poorly understood, however it is plausible that the 
population may be affected if critical behaviours (such as mating, nursing, feeding) are repeatedly disrupted, 
if they are displaced from BIA, or if a raise in background noise causes chronic stress (Continental Shelf 
Associates, Inc., 2004; Erbe, 2011). Consequently, the timing and location of underwater training exercises 
would exert some influence over the cumulative effects. 

Prolonged stress can result in serious health problems. In humans, chronic stress has been linked to 
coronary disease, compromised immunity, anxiety, depression, cognitive and learning difficulties, and 
reproductive issues (Erbe, 2011). Wright (2011) considers the immune and reproductive suppression to be 
particularly troubling if similar effects occur in marine mammals, as they could lead to an unnoticed 
population decline without observable fatalities. Noise impacts should ideally be considered in context with 
other environmental stressors (Erbe, 2011). An already stressed animal (e.g. pollution, prey depletion, ship 
strikes, habitat degradation) might have a lower capacity to cope with noise, and vice versa, an animal 
suffering from repeated or severe noise exposure might not cope with additional non-acoustic stressors 
(Erbe, 2011). 

While it is possible to model cumulative sound exposure from multiple sources over large areas and long 
duration (Erbe & King, cited in Erbe, 2011), it is unknown what exposure a mobile and responsive animal 
might receive (Erbe, 2011). Additionally, there is no information on the chronic effects of sound exposure in 
marine mammals (Erbe, 2011) and no noise exposure criteria to evaluate the auditory effects of chronic 
exposure over prolonged periods (Southall, et al., 2019). 
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Predicting impacts 

Safe range from shockwave 
Young (1991) developed the “safe range” equations for a detonation at depth of 200 ft, based on the work of 
Goertner (1982): 

Dolphin calf: R = 578 WE0.28 

Adult dolphin: R = 434 WE0.28 

20 ft whale: R = 327 WE0.28 

where:  

R = Range in feet;  

WE = Weight of Detonation in pounds 

 

Using the most vulnerable of these, a dolphin calf, and applying a REF of 1.37, provides a safe range of 
198 m for Swanbourne and 377 m for Lancelin (Table 5-17). These numbers are considered conservative by 
Baker (2008) in providing a “safe range”. 

Table 5-17.  No injury range for mammals at Swanbourne and Lancelin, using Young's (1991) equations. 

Species No injury range (m) 

Swanbourne: 0.685 kg charge1  Lancelin: 6.85 kg charge1 

Dolphin calf 197.7 376.76 

Adult dolphin 148.5 282.9 

20 ft whale 111.9 213.2 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a REF of 1.37, 
equivalent to RDX based charges with the highest equivalent demolition power of the proposed charges.  

Sound exposure guidelines 
In 2002, the NMFS assembled a panel of expert scientists in acoustic research across behavioural, 
physiological, and physical disciplines to determine what noise exposure levels from specific anthropogenic 
activities were likely to affect marine mammals. The panel reviewed all available information and developed 
noise exposure levels expected to cause behavioural responses and reduction in hearing sensitivity (TTS 
and PTS). Mammals were grouped into five functional hearing groups based on the frequencies they hear, 
and a frequency weighting (M-weighting) was applied to emphasise the frequency bandwidths at which TTS 
and PTS effects might occur for that group. Dual metrics were used, with thresholds expressed in terms of 
peak SPL and SEL, and the first threshold to be reached was the one recommended for mitigation (Erbe, 
2011). The result was sound exposure criteria for five functional hearing groups of marine mammals with the 
aim of preventing injury, published by Southall et al. (2007).  

Further research has occurred since the review and recommendations of Southall (2007). For example, the 
onset of TTS in high-frequency cetaceans has been shown to occur at levels approximately 20 dB lower than 
the criteria indicated (Lucke et al., cited in Erbe, 2011). Research by Finneran (cited in Verfuss, 2019) 
suggested more sound energy is required to elicit TTS/PTS at frequencies outside of the animal’s sensitivity, 
which meant that Southall et al.’s (2007) guidelines which were flat across the hearing range of the functional 
group (and thus treated all frequencies equally) could be improved (Verfuss, 2019).  

One of the more important conclusions to emerge from recent research is the importance of noise spectrum 
in addition to SPL and duration in determining the potential impacts upon mammal hearing (Southall, et al., 
2019). This was addressed to some degree by the M-weighting used by Southall et al. (2007), however 
considerably more data has been derived by Finneran (2016) since. Finneran (2016) drew upon more recent 
research to propose weighting curves which better reflected hearing sensitivity of different species, altered 
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the composition and number of functional hearing groups, and updated TTS/PTS thresholds accordingly 
(Verfuss, 2019). 

A review of the Southall et al. (2007) noise exposure criteria was released in 2019 (Southall, et al., 2019). 
The approach taken by Southall et al. (2019) builds upon Finneran’s (2016) expansion of the original hearing 
group derivation by Southall et al. (2007). Southall et al. (2019) revised the functional hearing groups (Table 
5-18) as well as the noise exposure criteria to predict the onset of auditory effects within those groups (Table 
5-19). The revised weighting functions are less flattened and closer to audiograms than Southall et al.’s 
(2007) M-weightings. The current criteria are still focused on evaluating the potential for TTS/PTS resulting 
from exposure to discrete noise; and are not applicable when evaluating the auditory effects of chronic 
exposure over weeks, months or years (Southall, et al., 2019). Separate criteria are still needed to evaluate 
behavioural responses and broader-scale auditory (e.g. masking) and physiological responses (e.g. stress) 
(Southall, et al., 2019). 

Parnum et al.’s (2018) literature review of available research on pile-driving sound concluded that Finneran’s 
(2016) thresholds for TTS/PTS onset and the US NMFS criterion for behavioural responses to impulsive 
sound represented the best available science for assessment of underwater noise impacts. Now that 
Southall et al.’s (2019) revised noise exposure criteria are available (for which Finneran is a co-author), this 
report considers that Southall et al. (2019) represents the best available science for estimating TTS/PTS 
onset in marine mammals. Thresholds for TTS/PTS and behavioural impacts are outlined below. 

Sound guidelines for TTS/PTS onset 

Taking into account phylogenetic relationships and a review of all available information on hearing, auditory 
anatomy, and sound production (e.g. the type of ‘click’ emitted when searching for prey), Southall et al. 
(2019) derived eight functional hearing groups: 

 low-frequency cetaceans (LF). All mysticetes. 

 high-frequency cetaceans (HF). Most odontocetes (most delphinid species (e.g., bottlenose 
dolphin, common dolphin, and pilot whale), beaked whales, sperm whales, and killer whales). 

 very high frequency cetaceans (VHF). Odontocetes specialized for use of very high frequencies, 
(true porpoises, most river dolphin species, pygmy/dwarf sperm whales, and some oceanic 
dolphins). 

 sirenians (SI). Manatees and dugongs. 

 phocid carnivores in water (PCW). True seals, including harbor, gray, and freshwater seals; 
elephant and monk seals; and both Antarctic and Arctic ice seals. 

 phocid carnivores in air (PCA) 

 other marine carnivores in water (OCW). All non-phocid marine carnivores, including the otariid 
seals (sea lions and fur seals), walruses, sea otters, and polar bears. 

 other marine carnivores in air (OCA). 

The taxa included within each functional group and their presence in the proposed UTR vicinities are 
presented in Table 5-18 below. 

Table 5-18.  Functional hearing groups used by Southall et al. (2019) and the EPBC-listed taxa potentially 
occurring within 10 km of the proposed UTRs (from Appendix A). 

Functional 
hearing group 

Taxa included Species potentially occurring within 
10 km of the proposed UTRs 

Low-frequency 
cetaceans 

(LF) 1 

◼ Balaenidae (Balaena, Eubalaenidae spp.);  

◼ Balaenopteridae (Balaenoptera physalus, B. 
musculus) 

◼ Blue Whale (Balaenoptera musculus) 

◼ Southern Right Whale (Eubalaena 
australis) 

◼ Balaenopteridae (Balaenoptera acutorostrata, B. 
bonaerensis, B. borealis, B. edeni, B. omurai; 
Megaptera novaeangliae);  

◼ Minke Whale (Balaenoptera 
acutorostrata) 
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Functional 
hearing group 

Taxa included Species potentially occurring within 
10 km of the proposed UTRs 

◼ Neobalenidae (Caperea);  

◼ Eschrichtiidae (Eschrichtius) 

◼ Bryde's Whale (Balaenoptera edeni) 

◼ Pygmy Right Whale (Caperea 
marginata)  

◼ Humpback Whale (Megaptera 
novaeangliae) 

High-frequency 
cetaceans 

(HF) 

◼ Physeteridae (Physeter);  

◼ Ziphiidae (Berardius spp., Hyperoodon spp., 
Indopacetus, Mesoplodon spp., Tasmacetus, 
Ziphius);  

◼ Delphinidae (Orcinus) 

◼ Killer Whale (Orcinus orca) 

◼ Delphinidae (Delphinus, Feresa, Globicephala 
spp., Grampus, Lagenodelphis, Lagenorhynchus 
acutus, L. albirostris, L. obliquidens, L. obscurus, 
Lissodelphis spp., Orcaella spp., 
Peponocephala, Pseudorca, Sotalia spp., Sousa 
spp., Stenella spp., Steno, Tursiops spp.);  

◼ Montodontidae (Delphinapterus, Monodon);  

◼ Plantanistidae (Plantanista) 

◼ Common bottlenose Dolphin 
(Tursiops truncatus) 

◼ Indo-Pacific Bottlenose dolphin 
(Tursiops aduncus) 

◼ Common dolphin (Delphinus delphis) 

◼ Spinner dolphin (Stenella longirostris) 

◼ Risso's Dolphin (Grampus griseus) 

Very-high 
frequency 
cetaceans 

(VHF) 
 

◼ Delphinidae (Cephalorhynchus spp.; 
Lagenorhynchus cruciger, L. austrailis);  

◼ Phocoenidae (Neophocaena spp., Phocoena 
spp., Phocoenoides);  

◼ Iniidae (Inia);  

◼ Kogiidae (Kogia);  

◼ Lipotidae (Lipotes);  

◼ Pontoporiidae (Pontoporia) 

Not represented 

Sirenians 
(SI) 

◼ Trichechidae (Trichechus spp.);  

◼ Dugongidae (Dugong) 

Not represented  

Phocid carnivores 
in water (PCW) 

 
Phocid carnivores 

in air (PCA) 

◼ Phocidae (Cystophora, Erignathus, Halichoerus, 
Histriophoca, Hydrurga, Leptonychotes, 
Lobodon, Mirounga spp., Monachus, 
Neomonachus, Ommatophoca, Pagophilus, 
Phoca spp., Pusa spp.) 

Not represented 

Other marine 
carnivores in 
water (OCW) 

 
Other marine 

carnivores in air 
(OCA) 

◼ Odobenidae (Odobenus);  

◼ Otariidae (Arctocephalus spp., Callorhinus, 
Eumetopias, Neophoca, Otaria, Phocarctos, 
Zalophus spp.);  

◼ Ursidae (Ursus maritimus);  

◼ Mustelidae (Enhydra, Lontra feline) 

◼ Australia Sea Lion (Neophoca 
cinereal) 

◼ New Zealand Fur Seal 
(Arctocephalus forsteri) 

Note: the low-frequency cetaceans (LF) and high frequency cetaceans (HF) groups are split, highlighting that in the 
future these groups may be split further (e.g. LF group split into very low frequency (VLF) and LF, and the HF group into 
mid frequency cetaceans (MF) and HF). 

The noise exposure criteria derived by Southall et al. (2019) for TTS/PTS onset in each hearing group (Table 
5-19) consider noise sources as either impulsive or non-impulsive, and different metrics are used to account 
for the different exposure types (i.e. discrete and possibly repeating (e.g. pile-driving) and continuous). Dual 
metric criteria (frequency-weighted SEL and unweighted peak SPL) are proposed for impulsive sounds for all 
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marine groups, with the effect (TTS or PTS) assumed to occur if an exposure exceeds either criteria 
(Southall, et al., 2019). For non-impulse sounds, only weighted SEL metrics are proposed.  

Table 5-19.  TTS- and PTS-onset thresholds for marine mammals exposed to impulsive and non-impulsive noise 
(Southall, et al., 2019). SEL thresholds in dB re 1 μPa2s under water; and peak SPL thresholds in 
dB re 1 μPa under water.  

1 No taxa from this hearing group present within 10 km of the UTRs 

While Table 5-19 categorises a noise as impulsive or non-impulsive (see Section 4.3.1), Southall et al. 
(2019) notes that the exposure criteria applied should reflect which signal type is likely to be received by the 
animal, rather than which signal type was present at the source. This is reflective of sounds becoming less 
impulsive over distance. 

TTS onset for both impulsive and non-impulsive sounds is defined by Southall et al. (2019) as the exposure 
required to produce a shift in hearing threshold of 6 dB (the same definition used by Southall et al. (2007). 
Unlike Southall et al. (2007), 40 dB above TTS is no longer considered an estimate of likely PTS-onset, 
owing to the lack of data available to test this assumption (Southall, et al., 2019). For non-impulsive noise, 
Southall et al. (2019) have estimated PTS-onset to occur at an exposure level 20 dB above the TTS-onset 
level. For impulsive sounds, SEL-based PTS-onset is estimated to occur at 15 dB above TTS-onset, and 
peak SPL-based PTS-onset to occur at 6 dB above TTS-onset. 

Sound guidelines for behavioural response  

The current sound exposure criteria (Southall, et al., 2019) are focused on evaluating the potential for 
TTS/PTS resulting from exposure to discrete noise. Separate criteria are still needed to evaluate behavioural 
responses and broader-scale auditory (e.g. masking) and physiological responses (e.g. stress) (Southall, et 
al., 2019). In the absence of such criteria, this report presents the conclusions drawn by Parnum et al. (2018) 
in their literature review of available research on sound impacts. 

Parnum et al. (2018) recommended that a behavioural threshold of 160 dB re 1 µPa SPL be set for marine 
mammals experiencing an impulsive sound. This threshold is based on studies of migrating mysticetes 
whales’ behavioural responses to airgun sound, which showed temporary/mild avoidance at RLs greater 
than 160 dB re 1 µPa SPL (Malme et al., cited in Parnum et al., 2018).  

The High Energy Seismic Survey (HESS) report (1999, cited in Parnum et al., 2018) acknowledged 
behavioural responses occur at lower levels, but that significant responses were likely above 140 dB re 1 
µPa SPL. Similarly, a compilation of marine mammal behavioural studies by Southall et al. (2007) found 
varying responses to impulse noise between 140 and 180 dB re 1 µPa SPL (Parnum, et al., 2018). 

Behavioural responses are increasingly likely with increased sound. Accordingly, in 2012, Wood et al. (cited 
in Parnum et al., 2018) proposed categories for probabilities of behavioural response to impulsive noise 
using a M-weighted SPL metric. The categories include sensitive species (porpoises and beaked whales) 
and migrating mysticete whales (Table 5-20).  

Marine 
mammal 
hearing 
group 

Impulsive noise Non-impulsive noise 

TTS onset PTS onset TTS onset PTS onset 

SEL 
(weighted) 

Peak SPL 
(unweighted) 

SEL 
(weighted) 

Peak SPL 
(unweighted) 

SEL 
(weighted) 

SEL 
(weighted) 

LF 168 213 183 219 179 199 

HF 170 224 185 230 178 198 

VHF 1 140 196 155 202 153 173 

SI 1 175 220 190 226 186 206 

PCW 1 170 212 185 218 181 201 

OCW 188 226 203 232 199 219 
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Table 5-20.  Predicted of behavioural response in marine mammals as a function of M-weighted SPL (Wood, 
cited in Parnum et al., 2018) 

Marine mammal group Probabilistic disturbance SPL thresholds (M-weighted dB re 1 µPa (rms)) 

120 140 160 180 

Porpoises/beaked whales 50% 90% - - 

Migrating mysticetes whales 10% 50% 90% - 

All other species/behaviours - 10% 50% 90% 

Estimated impact ranges for sound 

Estimates of potential sound-related impact ranges for the UTRs have not been calculated for mammals 
given that the characteristics of sound change with propagation through the water and substrate. There can 
be considerable variation in the RL from a detonation, especially in shallow waters over long distances, with 
sounds becoming less impulsive as the soundwaves and echoes combine to form a more continuous noise. 
As noted by Southall et al. (2019), the exposure criteria applied should reflect which signal type is likely to be 
received by the animal, rather than which signal type was present at the source.  

It is noted that while sound associated with underwater detonations has the potential for injury (e.g. 
permanent or temporary hearing loss) at greater distances than those calculated for shockwave pressures 
(Table 5-17), there are no very high frequency cetaceans occurring within 10 km of the Proposal (Appendix 
A) which reduces the distance of potential noise-related impacts. 

The Humpback Whale and Australia Sea Lion are both EPBC-listed as Threatened and may possibly occur 
near the Proposal (Appendix B). The Humpback Whale is seasonally present in nearshore waters (< 10 km) 
during the southbound migration (Table 5-16) and the Proposal will avoid impacts to Humpback Whales by 
conducting training outside of the peak southbound migration (September to November). Adult Australian 
Sea-Lions may forage in the vicinity of the Proposal but have a lower hearing sensitivity than cetaceans and 
the small charge sizes and low frequency of training exercises are not expected to pose a significant impact. 

5.2.5 Turtles 
This section provides a brief overview of the potential for marine turtles to be present at Swanbourne and 
Lancelin, and summarises the likely direct mortality impacts and potential sublethal impacts resulting from 
the pressure waves and sound of underwater detonations. 

Receiving environment 
A search of the EPBC Act protected matters database (Appendix A) reported that four turtle species may 
potentially occur (or have habitat occurring) within 10 km of the UTRs at Lancelin and Swanbourne: 
Loggerhead, Green, Flatback and Leatherback Turtles. However, only the Loggerhead Turtle, Green Turtle, 
and Leatherback are known to occur within the Southwest Marine Region (Department of Sustainability, 
Environment, Water, Population and Communities, 2012b). Important sea turtle habitat mostly occurs in 
shallower waters, < 20 m deep (McCauley, et al., 2000); however, there is no BIA for any of these species at 
either UTR (Department of the Environment and Energy, 2015). Individual turtles may be of major 
consequence from a regulatory and conservation perspective (Popper, et al., 2014).  

Hatchlings of most Australian turtle species will enter the open ocean and disperse with ocean currents, and 
will remain in this pelagic environment for 5-10 years, feeding primarily on macro-zooplankton near the 
surface (Department of the Environment and Energy, 2017; Limpus, 2002). Once large enough (carapace 
length approximately 35-40 cm for most, and 70 cm for Loggerhead Turtles), juveniles will settle in the 
shallow coastal waters of the continental shelf, inhabiting subtidal and intertidal reefs, seagrass meadows 
and soft-bottomed habitats. Once in coastal foraging habitat, the diets become more species-specific, and 
Green Turtles become primarily herbivorous upon algae, seagrass and mangroves, while the Loggerhead 
Turtle feeds predominantly on benthic invertebrates (Department of the Environment and Energy, 2017).  
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In Australian waters, juveniles and sub-adults demonstrate strong fidelity to foraging areas and tend to live 
year-round in coastal areas within small home ranges (Department of the Environment and Energy, 2017). 
The exception to this is the Leatherback Turtle, which spends almost its entire life in oceanic waters 
(Department of the Environment and Energy, 2017; Limpus, 2002); however, the Leatherback Turtle feeds 
primarily on gelatinous and soft-bodied invertebrates such as jellyfish, and data suggests that their 
distribution is heavily prey-influenced, and hence Leatherback Turtles are commonly sighted nearshore 
(Continental Shelf Associates, Inc., 2004).  

Potential impacts 
Information regarding the impacts of underwater detonations on marine turtles is limited to a handful of 
observations and experiments (Continental Shelf Associates, Inc., 2004). Preliminary studies from Ketten et 
al. (cited in Popper et al., 2014) using fresh turtle cadavers suggest that turtles are highly resistant to 
detonations, however injury and death of marine turtles has been observed during detonation platform 
removals (Klima, et al., 1988). It is generally considered that impacts on marine turtles may result from tissue 
disruption at air-fluid interfaces and the effects of rapid pressure changes on gas-containing organs and 
cavities (such as the lungs, auditory system, and intestinal tract), and so the effects on turtles can be inferred 
from the effects on other marine vertebrates with gas-filled organs (lungs, swim bladders) (Continental Shelf 
Associates, Inc., 2004; Popper, et al., 2014).  

As for other marine vertebrates, the severity of impacts is a result of factors such as: size, type and depth of 
the detonation; depth of the water column; size and depth of the turtle; and distance from the turtle to the 
detonation (Department of the Navy, cited in Continental Shelf Associates, Inc., 2004). Even then, impacts 
can be highly variable as evidenced by Klima et al.’s (1988) study involving detonation platform removal with 
four 23 kg charges of nitromethane inside a platform piling, 5 m below the mudline. At a 3,000 ft [915 m] 
distance, a 1.5 kg turtle appeared unharmed, but a 6.8 kg turtle was unconscious, with vasodilation around 
the throat and flippers lasting 2-3 weeks (Klima, et al., 1988). 

Continental Shelf Associates, Inc. (2004) divided the potential impacts to marine turtles into three categories: 
lethal injuries; non-lethal injuries; and non-injurious effects. These are summarised below. 

Lethal injuries  
Lethal injuries from the detonation shockwave include concussive brain damage, fractures, haemorrhage 
(including combined trauma to the lungs and gastrointestinal tract) and massive inner ear trauma (Ketten, 
cited in Continental Shelf Associates, Inc., 2004). The Department of the Navy (cited in Continental Shelf 
Associates, Inc., 2004) considers the onset of extensive lung haemorrhage to be a conservative criterion for 
the onset of mortality in marine turtles, regardless of size.  

Non-lethal injuries 
Non-lethal injuries are non-debilitating injuries from which a marine turtle would be expected to recover on its 
own (Department of the Navy, cited in Continental Shelf Associates, Inc., 2004) and include slight 
haemorrhage and bruising to the lungs and gastrointestinal tract and “minor” injuries to the auditory system 
(Continental Shelf Associates, Inc., 2004).  

Turtles which recovered following exposure to detonation platform removal exhibited loss of consciousness, 
cloacal lining eversion, and vasodilation persisting for two to three weeks (Klima, et al., 1988). Klima et al. 
(1988) revived unconscious turtles through handling, but commented that under real-world conditions an 
unconscious turtle is more vulnerable to predation and, although resting turtles are known to remain 
submerged for several hours, the effect of submergence on unconscious turtles is unknown. Baker (2008) 
considers that turtles which have knocked unconscious would drown if they failed to recover in time. It should 
be noted that while these injuries are considered non-lethal, they may have delayed complications which are 
ultimately fatal (Continental Shelf Associates, Inc., 2004). There have been anecdotal reports of deaths and 
strandings following structure removal detonations (Continental Shelf Associates, Inc., 2004) 
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Popper et al. (2014) note that while nothing is known about TTS in turtles, it is expected that there are 
circumstances under which TTS could occur. Ketten (cited in Continental Shelf Associates, Inc., 2004) 
suggests that considers that non-life-threatening TTS would occur with rupture of the tympanum.  

Non-injurious impacts 
Very little is known about turtle hearing or the role sound plays, and this has been inferred from animals 
(Popper, et al., 2014). Marine turtles have a typical reptilian ear, with a few underwater modifications that 
suggest, in the absence of more extensive turtle hearing data, that fish hearing is a better approximate model 
than mammals for marine turtle hearing (Popper, et al., 2014).  

Marine turtles are considered to be hearing generalists with limited hearing at lower frequencies (Baker, 
2008). Available data suggests marine turtles are sensitive to frequencies from 100 to 2,000 Hz, with 
greatest sensitivity below 1,000 Hz (Baker, 2008). Continental Shelf Associates, Inc. (2004) considered it 
reasonable to assume that marine turtles are sensitive to sounds produced by underwater detonations, with 
the air-filled middle ear (tympanic cavity) sensitive to the associated pressure effects. As such, detonations 
of low intensity, or close enough to be detected without injury, could cause temporary disorientation, physical 
discomfort, and/or acoustic annoyance, potentially with disorientation or a startle response (Continental Shelf 
Associates, Inc., 2004).  

There have been no observations of behavioural change in turtles in relation to detonations (Parnum, et al., 
2018), however responses to seismic sound and “annoyance” have been recorded. Attempts to monitor sea 
turtle avoidance to seismic activity and air guns resulted in fewer observations of turtles while air guns were 
firing, but the actual source of the annoyance was inconclusive (Weir, cited in Popper et al. 2014). Research 
by McCauley et al. (2000) suggests that turtles may begin to show behavioural responses (e.g. increased 
swimming activity) to an approaching air gun array at a RL around 166 dB re 1 µPa rms and avoidance 
around 175 dB re 1 µPa rms. As a general guide for seismic vessels in water depths of 100-120 m, this 
would correspond to behavioural change at around 2 km and avoidance at 1 km (depending on the source 
environmental conditions) (McCauley, et al., 2000). Behavioural responses to noise may be important if they 
impact upon BIAs (foraging areas, nesting beaches, juvenile turtle habitat) (Baker, 2008). 

Predicting impacts 

Estimation of safe range 
No prediction models have been developed specifically for marine turtles (Continental Shelf Associates, Inc., 
2004). O’Keefe and Young (cited in Continental Shelf Associates, Inc., 2004) developed a ‘safety range’ 
equation based on field observations of three turtles, with R = 200 WE1/3, where R is the safe distance (in 
feet) and WE is the charge weight (in pounds). However, the study by Klima et al. (1988) found turtles were 
injured and rendered unconscious within the predicted ‘safe’ ranges using O’Keefe and Young’s model.  

Young (1991) modified the cube-root scaling equation to R = 560 WE1/3 (Figure 5-4) using the Gulf of Mexico 
oil platform criteria established by NMFS, which appears based on the observations of Klima et al. (1988) 
(Continental Shelf Associates, Inc., 2004). Young’s version is considered by NMFS to be very conservative 
in avoiding serious injury (Baker, 2008).  
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Figure 5-4.  Predicted safe ranges for marine turtles and mammals (Young, 1991).  

The ‘safe’ or ‘no injury’ range for turtles may be modelled using R = 560 WE1/3, where R is the safe distance (in 
feet) and WE is the charge weight (in pounds). The metric equivalent is R = 222 WE1/3, where R is in metres and 
WE is in kilograms. 

Using Young’s (1991) equation, ‘no injury’ is predicted for marine turtles beyond 196 m for the 0.5 kg charge 
at Swanbourne or beyond 422 m for the 5 kg charge at Lancelin (Table 5-21).  

Table 5-21.  No injury range for turtles at Swanbourne and Lancelin, using Young's (1991) equations. 

 No injury range 

Species Swanbourne 
0.685 kg (1.5 lb) charge1 

Lancelin 
6.85 kg (15.1 lb) charge1 

Turtle 195.8 m (642.5 ft) 421.9 m (1,384.3 ft) 

1 Charge weight calculated from 0.5 kg and 5.0 kg at Swanbourne and Lancelin respectively with a Relative 
Effectiveness Factor of 1.37, equivalent to RDX based charges with the highest equivalent demolition power of the 
proposed charges.  

NFMS “generic” exclusion zones  

The similarity of many offshore structure removals led to a “generic” Incidental Take Statement to be 
provided by the NMFS in 1988, with requirements to protect marine turtles (Continental Shelf Associates, 
Inc., 2004). To be classified as “generic”, a proposal had to meet the following criteria: 

◼ Each detonation charge < 50 lb 

◼ Detonations limited to groups < 8, with > 0.9 sec between detonations 

◼ High velocity charges (detonation rate > 7,600 m/sec) 

◼ Charges placed > 5 m below the mud line 

“Generic” proposals were required to maintain a 3,000 ft (914 m) “safety range” which must be monitored for 
turtle presence prior to detonations.  

Continental Shelf Associates, Inc. (2004) note that this requirement appears to have been effective in 
preventing most deaths or serious injuries, and is supported by modelling analysis conducted for ship shock 
environmental assessments as likely to prevent death or lung injury. However, Continental Shelf Associates, 
Inc. also consider that the basis for this range is weak (appears to be based on observations by Klima (1988) 
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rather than any modelling) and they suggested that mortality and injury guidelines instead be developed 
based on standard sound level metrics.  

Sound exposure guidelines have since been developed by Popper et al. (2014) (see below). 

Sound exposure thresholds 
The sound exposure guidelines derived by Popper et al. (2014) (Table 5-22) are considered to represent the 
best available science for turtles (Parnum, et al., 2018). These are based upon a single detonation from 
dynamite (or a similarly small charge) to dismantle in-water structures (Popper, et al., 2014). Popper et al. 
(2014) note these thresholds would be different for larger or multiple detonations. 

Table 5-22.  Sound pressure level guidelines for turtles (Popper, et al., 2014) 

Mortality (and potentially mortal injury) Recoverable injury TTS Behaviour 

SPLpeak:  

229 – 234 dB re 1 μPa 

(N) High  

(I) High  

(F) Low 

(N) High  

(I) High  

(F) Low 

(N) High  

(I) High  

(F) Low 

Table Notes: (this is a simplification - see Section 5.2.3 for more detail)  

◼ Relative risk: high, moderate, or low 

◼ Distance from the source (defined in relative terms): near (N) (tens of metres from the source); intermediate (I) (hundreds of 
meters); and far (F) (thousands of meters). 

◼ “Mortality and mortal injury”: immediate or delayed death.  

◼ “Recoverable injury”: injuries unlikely to result in mortality.  

◼ “TTS”: persistent change (short- or long-term) in hearing sensitivity of 6 dB (may or may not reduce fitness). 

◼ “Behavioural effects”: substantial behavioural changes in a large proportion of the animals exposed to a sound. 

The sound guidelines for turtle mortality/injury are the same as for fish (see Section 5.2.3), estimated as 
occurring at a peak pressure of 40 psi to 70 psi (equivalent of 276 to 482 kPa, or 229 to 234 dB re 1 μPa 
(SPLpeak)). A threshold of 40 psi is considered an overestimation of ranges for larger fish (Baker, 2008).  

As shown in Table 5-14, a peak pressure of 276 kPa (40 psi) would occur at a distance from detonation of 
approximately 91 m at Swanbourne and 197 m at Lancelin, while a peak pressure of 482 kPa would occur at 
approximately 56 m at Swanbourne and 120 m at Lancelin.  

5.2.6 Birds 
There is a paucity of literature describing the impacts of underwater detonations on seabirds; one study used 
ducks to determine the far-field effects of underwater detonations on birds (Yelverton, et al., 1973) and 
observations from Reiter (cited in Continental Shelf Associates, 2004) of birds killed by concussion following 
a 454 kg underwater detonation. Expectedly, there is also a lack of information sub-lethal and cumulative 
effects.  

This section provides a brief overview of the marine birds potentially present at Swanbourne and Lancelin 
and summarises the potential direct mortality and injury impacts if birds are present (both on the water or 
diving) during UTR exercises. 

Receiving environment 
Seabirds may be considered as bird species whose normal habitat and/or food source is derived from the 
marine environment, whether it be coastal, offshore or pelagic (Harrison, 1983, as cited in Surman & 
Nicholson, 2006). This includes penguins, albatrosses, petrels and shearwaters, storm-petrels, diving 
petrels, pelicans, gannets, cormorants and shags, tropicbirds, skuas, noddies, terns and gulls, as well as 
marine raptors. It does not include waterbirds (i.e. ducks) or shorebirds (i.e. migratory waders). 



 

Project number EST04718 File Technical Assessment of Ecological Effects_Rev0.docx, 2020-04-06 Revision 0  66 

All seabird species and their eggs are protected as marine species under the EPBC Act, sometimes with 
additional listings as migratory or threatened, making it an offence to kill, injure, take, trade, keep or move 
seabirds on Australian Government land or in Commonwealth waters (Surman & Nicholson, 2006). Seabirds 
are also protected by the BC Act within State coastal waters, and several species are protected under 
international agreements. Based on a search of the EPBC Act protected matters database (Appendix A) on 
18 February 2020 and likelihood assessment (Appendix B), Lancelin has seven bird species considered as 
likely to occur, 22 species as possibly occurring, and 20 species as unlikely. At Swanbourne, six species are 
considered as likely to occur, 25 species as possibly occurring, and 39 species as unlikely (Table 5-23).  

Table 5-23.  EPBC-listed birds potentially occurring within 10 km (from Appendices A and B) 

Common Name Current Scientific Name EPBC Listing1 Presence 

Th
re

at
en

ed
 

M
ig

ra
to

ry
 

M
ar

in
e 

S
w

an
bo

ur
ne

 

La
nc

el
in

 

Seabirds considered as likely to occur within the Proposal 
Flesh-footed Shearwater  Ardenna carneipes 

(Listed ‘Marine’ as Puffinus 
carneipes) 

 ■ ■ ■ ■ 

White-bellied Sea-Eagle2 Haliaeetus leucogaster   ■ 2 ■ 
Caspian Tern  Hydroprogne caspia 

(Listed ‘Marine’ as Sterna caspia) 
 ■ ■ ■ ■ 

Osprey  Pandion cristatus  ■ ■ ■ ■ 
Roseate Tern Sterna dougallii  ■ ■ ■ ■ 
Australian Fairy Tern  Sternula nereis nereis VU   ■ ■ 
Crested Tern  Thalasseus bergii 

(Listed ‘Marine’ as Sterna bergii) 
 ■ ■ - ■ 

Seabirds considered as possibly occurring within the Proposal 
White-bellied Sea-Eagle2 Haliaeetus leucogaster   ■ ■ 2 
Common Noddy  Anous stolidus  ■ ■ ■ ■ 
Australian Lesser Noddy Anous tenuirostris melanops VU  ■ ■ ■ 
Wedge-tailed Shearwater Ardenna pacifica 

(Listed ‘Marine’ as Puffinus pacificus) 
 ■ ■ - ■ 

Great Knot Calidris tenuirostris CR ■ ■ ■ - 
Greater Sand Plover, Large Sand Plover Charadrius leschenaultii VU ■ ■ ■ - 
Lesser Sand Plover, Mongolian Plover Charadrius mongolus EN ■ ■ ■ - 
Red-capped Plover Charadrius ruficapillus   ■ ■ - 
Amsterdam Albatross Diomedea amsterdamensis EN ■ ■ ■ ■ 
Southern Royal Albatross Diomedea epomophora VU ■ ■ ■ ■ 
Wandering Albatross  Diomedea exulans VU ■ ■ ■ ■ 
Northern Royal Albatross Diomedea sanfordi EN ■ ■ ■ ■ 
Blue Petrel Halobaena caerulea VU  ■ ■ ■ 
Silver Gull Larus novaehollandiae   ■ - ■ 
Pacific Gull Larus pacificus   ■ ■ ■ 
Bar-tailed Godwit Limosa lapponica  ■ ■ ■ ■ 
Bar-tailed Godwit (baueri), Western 
Alaskan Bar-tailed Godwit 

Limosa lapponica baueri VU ■ ■ ■ ■ 

Northern Siberian Bar-tailed Godwit, Bar-
tailed Godwit (menzbieri)  

Limosa lapponica menzbieri CR ■ ■ ■ ■ 

Bridled Tern Onychoprion anaethetus 
(Listed ‘Marine’ as Sterna anaethetus) 

 ■ ■ ■ ■ 

Soft-plumaged Petrel Pterodroma mollis VU  ■ ■ ■ 
Little Shearwater  Puffinus assimilis   ■ ■ ■ 
Sooty Tern  Onychoprion fuscatus   ■ - ■ 
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Common Name Current Scientific Name EPBC Listing1 Presence 
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Indian Yellow-nosed Albatross  Thalassarche carteri VU ■ ■ ■ ■ 
Tasmanian Shy Albatross Thalassarche cauta 

(Listed ‘Threatened’ as Thalassarche 
cauta cauta) 

VU ■ ■ ■ ■ 

Campbell Albatross, Campbell Black-
browed Albatross 

Thalassarche impavida VU ■ ■ ■ ■ 

White-capped Albatross Thalassarche steadi 
(Listed ‘Threatened’ as Thalassarche 
cauta steadi) 

VU ■ ■ ■ ■ 

Grey-tailed Tattler Tringa brevipes 
(Listed ‘Marine’ as Heteroscelus 
brevipes) 

 ■ ■ ■ - 

Common Greenshank, Greenshank Tringa nebularia  ■ ■ ■ ■ 
Seabirds considered as unlikely to occur within the Proposal 
Common Sandpiper Actitis hypoleucos  ■ ■ ■ ■ 
Fork-tailed Swift Apus pacificus  ■ ■ ■ ■ 
Cattle Egret  Ardea ibis   ■ ■ ■ 
Eastern Great Egret Ardea modesta 

(Listed ‘Marine’ as Ardea alba) 
  ■ ■ ■ 

Ruddy Turnstone  Arenaria interpres  ■ ■ ■ - 
Australasian Bittern  Botaurus poiciloptilus EN   ■ - 
Sharp-tailed Sandpiper Calidris acuminata 

 
■ ■ ■ ■ 

Sanderling  Calidris alba 
 

■ ■ ■ - 
Red Knot, Knot  Calidris canutus EN ■ ■ ■ ■ 
Curlew Sandpiper Calidris ferruginea CR ■ ■ ■ ■ 
Pectoral Sandpiper  Calidris melanotos  ■ ■ ■ ■ 
Red-necked Stint  Calidris ruficollis  ■ ■ ■ - 
Great Skua  Catharacta skua   ■ ■ ■ 
Double-banded Plover  Charadrius bicinctus  ■ ■ ■ - 
Tristan Albatross  Diomedea dabbenena EN ■ ■ ■ - 
Swinhoe's Snipe  Gallinago megala  ■ ■ ■ - 
Pin-tailed Snipe Gallinago stenura  ■ ■ ■ - 
Pied Stilt, Black-winged Stilt  Himantopus himantopus   ■ ■ - 
Black-tailed Godwit  Limosa limosa  ■ ■ ■ - 
Southern Giant-Petrel, Southern Giant 
Petrel  

Macronectes giganteus EN ■ ■ ■ ■ 

Northern Giant Petrel  Macronectes halli VU ■ ■ ■ ■ 
Rainbow Bee-eater  Merops ornatus   ■ ■ ■ 
Eastern Curlew, Far Eastern Curlew  Numenius madagascariensis CR ■ ■ ■ ■ 
Little Curlew, Little Whimbrel Numenius minutus  ■ ■ ■ - 
Whimbrel  Numenius phaeopus  ■ ■ ■ - 
Fairy Prion  Pachyptila turtur   ■ ■ ■ 
Fairy Prion (southern) Pachyptila turtur subantarctica VU  ■ ■ ■ 
White-faced Storm-Petrel  Pelagodroma marina   ■ - ■ 
Red-necked Phalarope  Phalaropus lobatus  ■ ■ ■ - 
Sooty Albatross  Phoebetria fusca VU ■ ■ ■ ■ 
Pacific Golden Plover  Pluvialis fulva  ■ ■ ■ - 
Grey Plover  Pluvialis squatarola  ■ ■ ■ - 
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Great-winged Petrel  Pterodroma macroptera   ■ - ■ 
Red-necked Avocet  Recurvirostra novaehollandiae   ■ ■ - 
Australian Painted-snipe, Australian 
Painted Snipe  

*Rostratula australis 
(Listed ‘Marine’ as Rostratula 
benghalensis (sensu lato)) 

EN  ■ ■ ■ 

Black-browed Albatross  Thalassarche melanophris VU ■ ■ ■ ■ 
Hooded Plover  Thinornis rubricollis   ■ ■ - 
Wood Sandpiper Tringa glareola  ■ ■ ■ - 
Marsh Sandpiper, Little Greenshank  Tringa stagnatilis 

 
■ ■ ■ - 

Common Redshank, Redshank  Tringa tetanus 
 

■ ■ ■ - 
Terek Sandpiper   Xenus cinereus 

 
■ ■ ■ - 

1 Conservation codes: 
CR: Critically Endangered.  Facing an extremely high risk of extinction in the wild in the immediate future 
EN: Endangered.   Considered to be facing a very high risk of extinction in the wild in the near future. 
VU: Vulnerable.   Considered to be facing a high risk of extinction in the wild in the medium-term future. 
Migratory   Subject to international agreement for conservation as a migratory taxon 
Marine  Taxon naturally occurs in a Commonwealth marine area and requires protection to ensure the long‑term 

conservation of the species. 
2 Considered likely to occur at Lancelin (‘possible’ at Swanbourne, given no database records of occurrence (Appendix B)). 

There are hundreds of islands within the Southwest Marine Region which provide important nesting habitat 
for seabird communities (Surman & Nicholson, 2006). The islands between Cape Leeuwin and Dongara are 
typically low-lying (rarely exceeding 20 m) limestone, covered in dunes. Of the archipelagos considered 
significant, the inshore islands between Dongara and Mandurah (consisting of 50 islands over 400 km and 
including the Shoalwater Bay Islands) are the closest to the Proposal (Surman & Nicholson, 2006). The 
Jurien Bay Marine Park is noted being a stretch of coastline with important breeding habitats for a number of 
seabird species including Fairy Terns (Sternula nereis) and Osprey (Pandion haliaetus) (Department of 
Biodiversity, Conservation and Attraction, 2018). Seabird BIAs that intersect the Proposal are described in 
Table 5-24 below.  

Table 5-24.  BIAs for seabirds which intersect the Proposal (Department of the Environment and Energy, 2015). 

Species Description 

Caspian Tern 
(Hydroprogne caspia) 

Foraging (provisioning young) BIA from south of Mandurah to Kalbarri, foraging mainly 
inshore and offshore 

Fairy Tern 
(Sternula nereis) 

Foraging (in high numbers) BIA from Bunbury to Geraldton, foraging mainly inshore and 
blue-water seas around islands. 

Little Shearwater 
(Puffinus assimilis tunneyi) 

Foraging (in high numbers) BIA from Kalbarri to Eucla including offshore waters. 
Pelagic and offshore, foraging 4-200 km off coast. 

Pacific Gull 
(Larus pacificus) 

Inshore foraging (in high numbers) BIA from Point Quobba to Wedge Island 

Roseate Tern 
(Sterna dougallii) Foraging BIA of offshore and coastal water from south of Mandurah to south of Dongara 

Wedge-tailed Shearwater 
(Ardenna pacifica) 

A foraging (in high numbers) BIA, composed of a 100 km buffer of the coast from Cape 
Naturaliste to Shark Bay. Foraging is generally pelagic and in waters 10-300 km 
offshore, occurring mid-August to May. 
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Potential impacts 

Direct impacts 
The potential impacts upon marine birds was investigated by Yelverton et al. (1973), who tested ducks on 
the water surface and at 2 ft depths to represent the impacts upon birds on the surface and birds diving 
beneath the surface. Charge weights up to 8 lb (3.6 kg) were detonated at a depth of 10 ft (3 m) in a 30 ft 
(9 m) deep tank; however, diving ducks were only exposed to 1 lb charges. 

A 1 lb (0.45 kg) charge killed diving ducks at a 28 ft (8.5 m) slant range, with some surviving at 31 and 33 ft 
(9.4 and 10 m) and no deaths at 36 ft (11 m). Ducks on the water surface tolerated much high impulses, with 
deaths from an 8 lb (3.6 kg) charge occurring at slant range of 13 and 14 ft (4 and 4.3 m) but not beyond 
15 ft (4.6 m). The higher tolerance in birds on the surface was attributed to the lungs being above the water 
line. 

All diving ducks that were killed exhibited pulmonary haemorrhage and ruptured livers and kidneys, with over 
half also having ruptured air sacs and ear drums, and some suffering coronary air embolism. Only diving 
ducks at a slant range of 36 ft appeared hurt, and most had extensive lung haemorrhages and half had liver 
and kidney damage. Diving ducks at 54 ft (16.5 m) had slight lung haemorrhage and at 85 ft (25 m) were 
largely uninjured. Birds on the surface exhibited a similar pattern of injury, aside from an absence of kidney 
damage. Birds that survived blasts in the lethal zone appeared normal at 14 days post-blast; all had intact air 
sacs and eardrums, and most had small blood clots in the livers and scattered areas of lung discolouration.  

Indirect impacts  
In the absence of studies specific to birds, indirect impacts may include recoverable injury resulting in 
reduced fitness and potentially leading to mortality (see also Section 5.2.1).   

Birds may be startled from the area; however, birds are also known to opportunistically predate upon blast-
injured fish (Teleki & Chamberlain, cited in Dunlap Kolden & Aimone-Martin 2013) and may be attracted to 
the UTR area during exercises as a result. 

Predicting impacts 
Bird species which may be directly impacted are those which forage over open water and dive for food. 
Based on Yelverton et al.’s (1973) study, there would be no expected fatalities for birds on the surface 
beyond a distance of 5 m for a 3.6 kg charge, and no mortal injury for diving ducks beyond a distance of 
25 m for a 0.45 kg charge. These distances are small enough that, with an appropriate margin to 
accommodate the larger charge sizes at Lancelin, avoidance of bird interactions is considered readily 
achievable with Defence fauna management protocols. 

5.3 Summary of Effects 
In summary, the potential for any negative impacts on marine fauna and benthic habitat can be minimized 
during blasting by meeting the criteria and using existing Best Management Practices including measures 
identified to prevent serious harm to marine fauna. Table 5-25 provides a summary of the impact safe 
distances that have been estimated for the proposed charges at Swanbourne and Lancelin. The values are 
conservative estimates, using a maximum charge weight of 0.5 kg at Swanbourne and 5 kg at Lancelin, 
weighted with a REF of 1.37 to give TNT-equivalent charge weights of 0.685 kg and 6.85 kg respectively 
(see Section 4.1.1). 
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Table 5-25.  Summary of estimated impact and safe distances 

Type of impact Metric and 
criterion 

Applies to Range (m) Supporting 
literature 

Notes 

Swanbourne Lancelin 

Benthic communities and habitat (were the detonation to occur on the seafloor) 

Seabed crater 
diameter 

 BCH 0.22 0.48 O’Keeffe and Young 
(1984, cited in 
Lewis, 1996) 

Predicted impact were the detonation to occur on the seafloor at a 
depth of 4 m. Actual impact (if any) will be less due to a minimum 1 m 
distance from seafloor. 

Benthic 
disturbance 

0.44 0.96 

Invertebrates 

90% Survivability 
radius 

NA. Cube-scaling 
method. 

 

Crabs (most 
sensitive 
species in 
literature) 

22 48 Young (1991) Cube-scaling method based on complex physical-biological computer 
models. 

Values reflect the estimate based on most sensitive invertebrate 
species in the literature (crabs). For less sensitive species refer to 
Table 5-7. 

Fish 

90% Survivability 
radius 

 

NA. Cube-scaling 
method. 

 

Flounder (fish 
without 
swimbladder) 

1.2 2.5 Young (1991) Cube-scaling method based on complex physical-biological computer 
models. 

Mortality (and 
potentially mortal 
injury) threshold 

40 psi (276 kPa) 
(peak pressure) 

229 dB re 1 μPa 
(SPLpeak) 

All fish, no size 
discrimination 

91 197 Baker (2008); 
Hubbs and 
Rechnitzer (1952); 
Popper et al., 
(2014) 

Values reflect the guidelines for fish based upon a single detonation 
from dynamite (or similarly small charge). 

90% Survivability 
radius 

NA. Swimbladder 
oscillation method. 

 

Fish with 
swimbladder 
(1 g fish) 

148 281 Young (1991) Swimbladder oscillation method. Values reflect the maximum estimate 
for a 1 g fish based on a detonation depth of 8 m. For other fish sizes 
refer to Table 5-12. 
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Type of impact Metric and 
criterion 

Applies to Range (m) Supporting 
literature 

Notes 

Swanbourne Lancelin 

Potential injury to 
the swim bladder, 
kidney, liver, 
spleen and heart 

100 kPa peak 
pressure 

All fish, no size 
discrimination 

225 484 Wright & Hopky 
(cited in Popper et 
al., 2014) 

Values reflect Canadian guidelines. 

Marine mammals 

No injury radius 
(m) 

NA. Cube-scaling 
method. 

 

Dolphin calf 198 377 Young (1991) Cube-scaling method based on complex physical-biological computer 
models. Values reflect the estimate based on most sensitive fauna 
group in the literature (dolphin calf). For less sensitive groups refer to 
Table 5-17. 

Turtles 

Mortality (and 
potentially mortal 
injury) threshold 

40 psi (276 kPa) 
(peak pressure) 

229 dB re 1 μPa 
(SPLpeak) 

All fish, no size 
discrimination. 
Includes turtles. 

91 197 Baker, (2008); 
Hubbs and 
Rechnitzer (1952); 
Popper et al., 
(2014) 

Values reflect the guidelines for fish based upon a single detonation 
from dynamite (or similarly small charge). 

No injury radius 
(m) 

NA. Cube-scaling 
method. 

 

Turtle 196 422 Young (1991) Cube-scaling method (as a satisfactory biological model has not been 
developed). Considered very conservative in avoiding serious injury 
(Baker, 2008). 

Birds 

No appropriate metrics or safe distance calculations have been found for birds. They are expected to have any impacts mitigated through fauna observation protocols during training 
exercises. 
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It is predicted that potential impacts to the benthic habitat and marine fauna from detonations during training 
will amount to minor temporary disruption of very limited spatial extent and therefore do not pose a 
substantive risk to marine fauna within the project area. While impacts to benthic habitat, marine 
invertebrates, and fish will be unavoidable, appropriate management would be anticipated to manage the 
residual significance of impacts; and any mortalities arising from the Proposal are not considered significant 
at the local and regional population levels. With appropriate management, impacts to larger fish, marine 
mammals, turtles, and birds should be largely avoidable.  

5.3.1 Summary of impacts to BCH and fauna groups 

BCH 
Physical disturbance of benthic substrate and habitat is expected to be minimal, given that detonations 
would occur a minimum distance of 1 m above the seafloor and the Training Footprint would be located as 
far away as practicable from any nearby seagrass meadows or limestone reef (at least 25 m at Swanbourne 
and 50 m at Lancelin). Locating the Training Footprint over areas of bare sand / sparse seagrass may 
potentially result in cratering but will also allow for the rapid resettlement of displaced sediments through 
natural wave action and nearshore processes. Some loss/dieback of sparse seagrass may occur within the 
immediate proximity of the detonation.  

Marine fauna 
In estimating the potential impact distances for marine fauna, this report has largely focused on the 
shockwave component of an underwater detonation as it provides for more robust and conservative 
predictions. The majority of literature on underwater detonations discusses the shockwave, and the 
associated impact range calculations are based on studies and observations of actual detonations. In 
contrast, there is a paucity of studies on the sound impacts of underwater detonations and impacts have 
instead been inferred from anecdotal observations, studies of seismic surveys and pile-driving, and fauna 
physiology and audiograms. Additionally, the characteristics of sound can change dramatically with 
propagation through the water and substrate, resulting in a highly variable RL and sound type. 

Invertebrates 
Invertebrates, such as the commercially valuable Western Rock Lobster (WRL), prawns, scallop, and 
abalone are highly resistant to underwaters detonations, and the most sensitive of these, crabs, has an 
estimated 90% survivability of 22 m at Swanbourne and 48 m at Lancelin. The Training Footprint will be sited 
over areas of bare sand/sparse vegetation, avoiding the richer invertebrate assemblages and WRL 
associated with seagrass meadows and reef habitats. It is noted that scallops are associated with bare sand 
habitats. Scallops have an estimated 90% survivability of 13 m at Swanbourne and 28 m at Lancelin. 

High amplitude vibrations from detonations have the potential to shuffle sediments and displace or injure 
infauna; however, research has shown that many of the more abundant infauna tolerate natural sediment 
disturbance and readily recolonise by larval settlement and, over short distances, migration of adults. 
Impacts within the benthic disturbance area (0.44 m at Swanbourne and 0.96 m at Lancelin) are expected to 
be similar to dredging and the area is anticipated to be rapidly recolonised by benthic invertebrates from the 
surrounding area. 

Pulse-noise impacts on invertebrates may include physiological changes and altered behaviour; however, 
none of the sub-lethal impacts have been shown to affect the value of species such as scallops to fisheries. 

Fish 
Fish typically have a much larger lethal impact zone than other marine fauna. At close range, underwater 
detonations are lethal to almost all fish species, however at greater the presence of a swim bladder 
determines vulnerability to shock. The predicted 90% survivability for a fish without a swimbladder is 1.2 m at 
Swanbourne and 2.5 m at Lancelin (Table 5-25). For fish with swimbladders, a 1 g fish has 90% survivability 
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at approximately 148 m at Swanbourne and 281 m at Lancelin; these distances are more conservative than 
the sound mortality threshold of 91 m at Swanbourne and 197 m at Lancelin. Multiple observations suggest 
that detonation charges are not an effective deterrent in driving fish away or preventing them from feeding. 

Underwater detonations do not appear to affect the ongoing use or community composition of an area, and 
the Proposal is situated in open-waters which have a highly variable fish presence and with fish migrating 
and passing through.  

Mammals 
A conservative safe range for a dolphin calf (the most vulnerable of mammal species potentially occurring in 
the UTR vicinity) is estimated as 198 m for Swanbourne and 377 m for Lancelin.  

Startle responses, and even strong behavioural responses, are unlikely to last long enough to comprise a 
significant disturbance or have long-term consequences. The most significant impacts to populations are 
likely to be due to behavioural responses rather than direct physical injury or mortality. Frequently occurring 
and repeat blasts may result in behavioural changes or TTS, which may have population effects if critical 
behaviours (such as mating, nursing, feeding) are repeatedly disrupted, if they are displaced from BIA, or if a 
raise in background noise causes chronic stress. The small charge sizes and low frequency of training 
exercises are not expected to pose a significant impact. 

It is noted that sound associated with underwater detonations has the potential for injury (e.g. permanent or 
temporary hearing loss) at greater distances than those calculated for shockwaves. However, the 
characteristics of sound can change dramatically with propagation through the water and substrate, 
especially in shallow waters and over long distances, with soundwaves and echoes combining to form a 
more continuous noise. Given the high variation in RL and sound type, absence of very high frequency 
cetaceans, small charge size and intermittent nature of the training exercises, and timing of training events to 
avoid sensitive life stages (i.e. avoidance of the Humpback Whale nearshore (< 10 km) migration period 
(September to November)), it is considered that estimates of shockwave “safe range” distances are 
appropriate for informing fauna management zones for mammals. 

Turtles 
There have been no observations of behavioural change in turtles in relation to detonations, however 
responses to seismic sound and “annoyance” have been recorded. The estimated mortality threshold for 
turtles is 91 m at Swanbourne and 197 m at Lancelin, based on the sound guidelines for fish, and guideline 
is considered an overestimation for large fish. ‘No injury’ is predicted for marine turtles beyond 196 m at 
Swanbourne or beyond 422 m at Lancelin, based on the shockwave.  

Birds 
No appropriate metrics or safe distance calculations have been found for birds. Avoidance of bird 
interactions is considered readily achievable with Defence fauna management protocols. 

5.3.2 Summary of sublethal impacts on marine fauna 

Hearing impairment 
In general, longer duration sounds are more likely to result in hearing damage than impulsive sounds of the 
same intensity. Damage is reduced with shorter pulses and longer inter-pulse intervals. While detonations 
are an impulsive sound, they are short in duration and the nature of the exercises is training with discrete 
detonation events. The intermittent occurrence of the exercises, small charge size and mobility in location of 
the proposed Training Footprint does not constitute prolonged or chronic noise exposure.  

Distance estimates of potential sound-related hearing impairment have not been calculated for the UTRs 
given that the characteristics of sound change with propagation through the water and substrate and there 
can be considerable variation in the RL from a detonation, especially in shallow water over long distances.  
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Behavioural changes 
The single, impulsive energy waves of a discrete detonation may cause temporary and startle responses but 
are not expected to result in significant behavioural changes. 

Masking 
Masking refers to an impairment of hearing sensitivity due to a simultaneously occurring sound. Masking is 
one of the most critical issues regarding behavioural impacts of anthropogenic sound as it impairs an 
animal’s ability to detect and respond to biologically relevant sound. Masking is not considered to be of 
concern for the UTR exercises, given that animals would only be exposed to a few detonations per day of 
training and the masking effects would not extend past the short exposure periods. 

Cumulative impacts  
Cumulative impacts are mitigated by varying the location of the Training Footprint within the Operational 
Envelope, which accommodates the variable recovery times of different species and habitats. The spatial 
flexibility and low number of events anticipated over each year are not anticipated to represent a cumulative 
contribution to long term effects in the project area. 
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6 Mitigation measures 
As described above, the potential impacts to marine fauna from the proposed training program will vary both 
spatially and temporally within each year of the program. While the deaths of a small number of fish common 
to the area is considered acceptable, detonations should be delayed until schools of fish leave the area and 
the training site is relatively clear of fish. In contrast, no level of injury is acceptable for marine mammals, 
turtles or human swimmers. 

Management measures will be necessary to avoid or reduce potential impacts on marine ecosystems and 
fisheries. Proposed strategies, developed in collaboration with Defence and informed by the findings of this 
report, are described below (Table 6-1). These strategies are considered appropriate to reduce impacts to 
benthic habitat, marine invertebrates and fish will be unavoidable and largely avoid impacts to larger fish, 
marine mammals, turtles, and birds.  

Table 6-1.  Potential Management Measures 

Impact Avoid Minimise Management 

Loss or damage 
to BCH 

Siting of training 
footprints: While the 
avoidance of any crater 
radii is not possible, this 
impact is considered 
recoverable by siting 
training exercises over 
areas of unconsolidated 
sediment with less than 
25% vegetative cover.  

The Training Footprint 
would be located as far 
away as practicable from 
any nearby seagrass 
meadows or limestone reef 
(at least 25 m at 
Swanbourne and 50 m at 
Lancelin). In seasons 
where areas meeting this 
siting criteria cannot be 
located at Swanbourne, all 
training will be held at 
Lancelin. 

The flexibility to adjust the 
location of the Training 
Footprint provides for 
Defence to reduce the 
frequency with which areas 
are used for military 
training, thus allowing for 
regeneration of vegetation 
and substrate and 
minimising cumulative 
impacts. 

Placement of charges in the water 
column: detonations would occur at 
least 1 m above the seafloor. 

Size of charges: The proposed 
charge weights have been selected to 
achieve training objectives while also 
minimising potential impacts to the 
receiving environment. While the 
allowance at Swanbourne is for 
charges up to 500 g, charges will be 
more commonly in the range of 100-
250 g. Training at Lancelin would use 
charges up to 5 kg. 

Effectiveness would be 
monitored with 
photographs pre- and 
post-training. 

Mortality and 
injury of marine 
fauna 
(noise/vibration) 

Daily timing of training 
exercises: training to be 
conducted under daylight 
conditions (to assist with 
visual mitigation 
measures). No sooner than 

Marine fauna safe zone monitoring: 
Fauna movements prior to and during 
training will be monitored in 
accordance with existing Defence 
marine fauna observation protocols, 

Fauna movements prior 
to and during training will 
be monitored in 
accordance with existing 
Defence marine fauna 
observation protocols. Changes in 

marine fauna 
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Impact Avoid Minimise Management 

behaviour/hearing 
damage (noise) 

1 hr after sunrise and no 
later than 1 hr prior to 
sunset. This also avoids 
impact to WRL (nocturnal 
forager). 

Seasonal timing of 
training exercises: where 
practicable, training 
exercises would be 
undertaken outside of the 
peak Humpback Whale 
annual southbound 
migration period (i.e. 
outside of September to 
November). 

 

which include the use of spotters 
trained in marine fauna observation. 

The charge is not to be detonated 
unless the area is deemed clear of 
large marine fauna and birds to the 
designated distances. Boats, aircraft 
or scare charges are not to be used to 
move marine fauna out of the area.  

Placement of charges in the water 
column: detonations would occur at 
least 1 m above the seafloor. 

Size of charges: The proposed 
charge weights have been selected to 
achieve training objectives while also 
minimising potential impacts to the 
receiving environment. While the 
allowance at Swanbourne is for 
charges up to 500 g, charges will be 
more commonly in the range of 100-
250 g. Training at Lancelin would use 
charges up to 5 kg. 

Siting of training footprints: 
Avoiding impacts on BCH by siting 
training footprints over areas of 
unconsolidated sediment with less 
than 25% vegetative cover (refer to 
Section 5.1.1 is anticipated to 
minimise fauna (including fish) present 
during training exercises. 

The Training Footprint would be 
located as far away as practicable 
from any nearby seagrass meadows 
or limestone reef (at least 25 m at 
Swanbourne and 50 m at Lancelin). In 
seasons where areas meeting this 
siting criteria cannot be located at 
Swanbourne, all training will be held at 
Lancelin. 

The flexibility to adjust the location of 
the Training Footprint provides for 
Defence to reduce the frequency with 
which areas are used for military 
training, thus minimising cumulative 
impacts. 

Report any observations 
of injury/disturbance of 
any large marine fauna 
or birds by signal to 
AUSFLTSAFETY (SIC 
12C/ELS), and detail 
date/time, location, 
nature of incident, 
avoidance action taken, 
species/type of animal, 
and observed 
response/injuries. 

Stressor effects 
on marine fauna 
(noise/vibration) 
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Subject Swanbourne and Lancelin Underwater Training Range Contamination 
Investigation 

1 Background 

It is understood that currently there are no facilities to conduct underwater demolitions training in 
Western Australia. Instead, Australian Defence Force (ADF) personnel (including the Australian 
Clearance Diving Team (AUSCDT) and Special Air Service Regiment (SASR)), are required to travel 
interstate (HMAS Penguin (New South Wales) or Shoalwater Bay (Queensland)) or overseas for 
training. This presents an additional logistical and cost burden to the training necessary to meet 
current and future defence operational requirements. 

The Department of Defence (Defence), on behalf of the Royal Australian Navy (RAN), propose to 
develop underwater training ranges (UTRs) in the gazetted waters adjacent to the Swanbourne and 
Lancelin military training areas to facilitate local training of special forces troops and support training 
for the WA Police force and other interstate/international forces in underwater demolitions. Training 
exercises would be managed in accordance with the Department of Defence Explosives Regulations 
(Defence, 2016) under the strict guidance and responsibility of the nominated Demolitions Officer.  

It is proposed to vary the location of the Training Footprint (a 10 x 10 m area which will be used for 
exercises) within the Operational Envelope. Relatively small (500 g or less) charges are proposed for 
use at Swanbourne, with a focus on training for dive skills and the technical aspects of deployment of 
underwater detonations. Larger charges (up to 5 kg) would be used at Lancelin, with a focus on 
targeting and testing of detonation effect. The UTRs would have a temporary mooring used to 
suspend and secure simulated targets and charges. Charges will be situated at least 1 m above the 
seafloor, and the depth of the detonation will typically be 8 m (water depth permitting). The proposed 
sites would be used for an average of two to three training exercises per year. Each exercise would 
last a maximum of two days, with up to five detonations per day. Defence would conduct no more 
than 10 days of training exercises per year at each UTR.  

The purpose of this memo is to summarise the contamination risk associated with charges and 
training equipment.  

2 Existing environment 

2.1 Swanbourne 

The proposed Swanbourne Operational Envelope is demarcated by the boundary of the gazetted 
waters adjacent to the shore-based rifle range at Campbell Barracks, approximately 10 km west of 
Perth. The Operational Envelope includes a 100 m buffer of the Water Corporation’s Subiaco WWTP 
ocean outfall pipe, which extends approximately 1 km offshore, and the Subiaco Main Drain, 
approximately 30 m south of the outfall pipe and extending 50 m offshore. 

Current activities at the barracks include: firing ranges, bulk storage and distribution of fuel, vehicle 
maintenance, ammunition storage, and gun cleaning. During live firing operations, the beach area is 
closed to the public and sentries are posted at the north and south access points. 



 

 

The Swanbourne Beach area is popular for recreational shore-fishing and has seasonal distribution 
and migration routes for whales. The closest marine protected areas are the Cottesloe Fish Habitat 
Protection Area (FHPA), approximately 81 m south of the Operational Envelope, and Marmion Marine 
Park, approximately 7.3 km north of the Operational Envelope. 

2.2 Lancelin 

The proposed Lancelin Operational Envelope is the gazetted waters adjacent to the Lancelin Defence 
Training Area (LDTA), truncated to the boundary of the Jurien Bay Marine Park and the limit of 
mapped benthic habitat, which is approximately 3 km from shore and 16 m deep. 

The LDTA is a coastal dune area approximately 130 km north of Perth used as a naval gunnery 
range, air bombing range, and for navy clearance diver detonation training, army engineer and other 
training. It has also been used for SASR and counter-terrorism training. The naval and air ranges 
have often been used by other Nations armed forces. The RAN also practises live fire gunnery from 
ship to shore at Lancelin. The site is located approximately 17 km north of the Lancelin town, and 
approximately 8 km south of Wedge Island. 

This section of coast is characterised by limestone outcrops and sandy bays and seagrass meadows 
protected by an offshore reef system (DA Lord & Associates, cited in Teal Solutions, 2017) and there 
are sea lions in the vicinity and seasonal use by whales (Teal Solutions, 2017). Lancelin is a popular 
destination for fishing, surfing, boating and diving, as well as attracting sea lions and dolphins. The 
closest marine protected areas are the Jurien Bay Marine Park, adjoining the northern boundary of 
the Operational Envelope, and Lancelin Island Lagoon FHPA, approximately 7 km southeast of the 
Operational Envelope.   

3 Potential impacts 

The UTR feasibility study (Teal Solutions, 2017) indicated that:  

◼ The benthic habitat may be affected due to sediment resuspension which can cause smothering of 
ecological communities. Sediment quality can also be reduced due to altered redox potential or 
contaminant release. 

◼ Due to the infrequent use of the site, marine systems will not be exposed to toxicants or long-term 
contamination of the area.  

◼ Long term sediment monitoring is suggested to ensure no change to marine environment quality.  

The main sources of contamination potentially generated by the proposed UTR exercises are: 

◼ Detonation cord (typically a PETN high explosive core encased in a plastic tube) 

◼ Charge demolition cartridge (high explosive) 

◼ Charge demolition block  

◼ Sheet explosive 

Key findings of a literature review to evaluate the contamination risk posed by the high explosives are 
provided in Table 3-1 on the following pages. 

 

 



 

 

Table 3-1: Key findings 

Article Findings 

Rosen, G, Lotufo G, (2007) Bioaccumulation of explosive compounds in the 
marine mussel, Mytilus galloprovincialis, Ecotoxicology and Environmental 
safety, Vol. 68 (2), pp 237-245 

◼ Has presented a study specifically on mussels and their likelihood to bioaccumulate 
certain detonation compounds including TNT and RDX which are proposed to be used in 
the UTR’s. The article states that elimination rates and half-lives of these products are 
extremely fast and therefore they break down easily. 

◼ The study states that the biological half-life of TNT is 0.26, which works out to around 3 
months. RDX is 0.15 (54 days) and HMX is 0.49 (~6 months). Normal half-lives of these 
products are much less but the biological half-life is more relevant for this study as we are 
looking at the effect on ecological receptors 

◼ TNT can be broken down by photolysis in surface waters but the deeper it is located the 
slower the breakdown rate 

◼ TNT, RDX and HMX are weakly hydrophobic and are predicted to have a relatively low 
affinity for lipid tissue and therefore a low tendency to bioconcentrate.  

◼ This study shows that mussels are slow to uptake these three chemicals and fast to 
eliminate them 

◼ It was identified that TNT was rapidly biotransformed to aminodinitrotoluenes however no 
transformation products were measured for other contaminants. 

◼  It is unlikely based on the data that detonation compounds in the marine environment 
pose an unacceptable risk to this species. 

◼ The Mediterranean mussel (Mytilus galloprovincialis) behaves similar to other bivalves 
including mussels located in the Western Australian waters such as the Common Blue 
Mussel (Mytilus edulis) which evolved from Mytilus galloprovincialis.  

◼ This study measures short term rather than long term exposure.  

◼ It is suggested that mussels are a good measure of contamination effect on undersea 
organisms as they are much more susceptible to contamination than mobile organisms 
that can move outside the zone of contamination 

Ampleman, G, Faucher, D, Thiboutot, S, Hawari, J, Monteil-Rivera, F 
(2004) Evaluation of underwater contamination by explosives and metals at 

◼ Sediment samples taken from one demolition site two years after detonation still showed 
traces of TNT, RDX, HMX and ADNT.  



 

 

Article Findings 

Point Amour Labrador and in the Halifax Harbour area, Defence research 
and development Canada Technical report.  

Ek, H, Dave, G, Nilsson, E, Sturve, J, Birgersson, G (2006) Fate and 
Effects of 2,4,6-Trinitrotoluene (TNT) from Dumped Ammunition in a Field 
Study with Fish and Invertebrates, Archives of Environmental 
Contamination and Toxicology (51) 244-252 

◼ TNT shells containing 1.1kg of TNT and 44g of Hexotol were cleaved longitudinally and 
left over a time period to assess the impact on fish and marine invertebrates 

◼ Fish in the study (European Flounder) showed no negative significant impacts on body 
indices, haematological variables and detoxification and antioxidant enzyme activities.  

◼ The sediment, bile and blood plasma of fish and mussels exposed during the study over a 
three-year period showed no detectable levels of TNT and its metabolites 

◼ Sensitive benthic organisms such as copepods (Nitocra spinipes) may be adversely 
affected as it was in this study. Population reduced by 40% 

Young, G, (1973) Guide-Lines for Evaluating the Environmental Effects of 
Underwater Explosion Tests, Naval Ordanance Laboratory, White Oak, 
Silver Spring, Maryland  

◼ Lead and mercury oxides can be formed by the detonation of some compounds however 
they are often in such small concentrations and become extremely diluted in seawater.  

Lotufo, G, Blackburn, W, Marlborough, S, fleeger, J, (2010) Toxicity and 
bioaccumulation of TNT in marine fish in sediment exposures, 
Ecotoxicology and Environmental Safety (73) 1720-1727 

◼ Three different types of fish were exposed to TNT- spiked sediment over a short time 
span. Fish were exposed to a range of concentrations from 7 mg kg-1 to 260 mg kg -1. 

◼ TNT in sediment rapidly degrades to break-down products and is not toxic to fish in this 
form. It only becomes harmful when overlying water concentrations exceeded aqueous 
toxicity thresholds for TNT.  

◼ Due to extensive dilution of sediment-associated contaminants partitioning into the water 
column toxic concentrations are unlikely to occur.  

Subcomittee on Non-Atomic Military Research and Development (2003) 
Development of a Protocol for EM Contaminated Sites (2) 

◼ TNT is a nitroaromatic that is readily subject to photolysis and more soluble than RDX and 
HMX which are nitramines. 

◼ Ranges contaminated with detonation compounds must include all aspects of a standard 
sampling and analysis plan  

◼ Bioremediation can be used in circumstances where large scale contamination has 
occurred. This is due to the specific chemicals being broken down in specific conditions 
e.g RDX breaks down quicker under anaerobic conditions.   



 

 

Article Findings 

Houston, J and Lotufo, G, (2005) Dietary Exposure of Fathead Minnows to 
the Explosives TNT and RDX and to the Pesticide DDT using 
Contaminated Invertebrates, Environmental Research and Public Health 
2(2), 286-292 

◼ This study explores the trophic transfer of TNT and RDX using a freshwater prey/predator 
model.  

◼ Worms were exposed to the detonation compounds for 5 hours and fed to a fish species 
and fish were sampled for body residue determination over the following days.  

◼ Fish body residue remained relatively unchanged over time for TNT and RDX with the 
bioaccumulation factor for these chemicals (concentration in fish relative to concentration 
in worms) being measured at 0.018 and 0.010 g/g respectively.  

◼ The low bioaccumulation factor of detonation compounds is due to the chemicals’ low 
hydrophobicity  

◼ During experiment 1L of water was spiked with 2ml of an acetone solution containing 
either TNT or RDX.  

United States Environmental Protection Agency, Technical Fact Sheet – 
2,4,6-Trinitrotoluene (TNT), November 2017  

◼ TNT does not appear to bioaccumulate in animals but may be taken up and metabolised 
by aquatic plants 

◼ Based on its low octanol-water coefficient (K0w) and low experimental bioconcentration 
factor, TNT is not expected to bioconcentrate to high levels in the tissues of exposed 
aquatic organisms and plants 

◼ Bioremediation is widely used to treat TNT contamination when it is found in extreme 
excess 

 



 

 

4 Conclusion  

There is no conclusive evidence that links contamination from underwater ordinance to unacceptable 
environmental detrimental effects.  

Although the majority of studies were done over the short term, due to their nature we can make long 
term assumptions on how detonation compounds behave in the marine environment. TNT, RDX and 
HMX are weakly hydrophobic (Lutufo and Houston 2005) and have a low affinity for lipid or fatty tissue 
(Lutufo and Rosen 2007). This therefore lowers their tendency to bioaccumulate in many marine 
species. Short term studies undertaken by Houston and Lotufo (2005) identify that TNT and RDX 
have extremely low bioaccumulation factors and minimal amounts are up taken by fish species 
therefore it is fair to assume that as these products readily break down, bioaccumulation rates would 
stay constant or decrease over long periods of time (Houston and Lotufo 2005). 

TNT also breaks down rapidly in sediment (Lutufo et al. 2010) (Ampleman et al. 2004) and is 
dispersed causing only trace amount to be detected. Due to rapid breakdown it is thought that these 
trace amounts will not build up to form unacceptable residual contamination (Lutufo et al. 2010). 

The longest conclusive study undertaken by Ek et al. (2006) showed that over a three-year period 
there were no adverse effects on fish however some smaller sensitive benthic organisms were 
affected. Copepods are located in Western Australia however it is unclear whether this specific 
species (Nitocra spinipes) is located in the area or if similar organisms will act the same.  

Shells used in the experiment by Ek et al. (2006) are larger than the largest volume proposed to be 
used in the two underwater training ranges and in a three-year period of product being dispersed TNT 
had already broken down to an undetectable level in fish. This may be greater in stationary organisms 
e.g. bivalves and molluscs however it is a good indication on the rate at which this specific volume of 
TNT breaks down.  

The majority of studies recommend that a long-term sampling plan be undertaken to determine that a 
build-up of product is not occurring in sediment due to over saturation of overlying water (Lotufo et al. 
2010). 

5 Further work 

1. Bioaccumulation is important due to public fishing in the area leading contamination to 
humans. It is suggested that management actions (including monitoring of target species) be 
considered by stakeholders. 

2. Traces of materials from the case and fusing mechanism can eventually go into solution if not 
disposed of properly. Management of waste and debris should be recorded in a manner that 
is auditable in the event DWER has long term concerns regarding the program.  
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EPBC Act Protected Matters Report

This report provides general guidance on matters of national environmental significance and other matters
protected by the EPBC Act in the area you have selected.

Information on the coverage of this report and qualifications on data supporting this report are contained in the
caveat at the end of the report.

Information is available about Environment Assessments and the EPBC Act including significance guidelines,
forms and application process details.

Other Matters Protected by the EPBC Act

Acknowledgements

Buffer: 10.0Km

Matters of NES

Report created: 18/02/20 19:45:35

Coordinates

This map may contain data which are
©Commonwealth of Australia
(Geoscience Australia), ©PSMA 2010

Caveat
Extra Information

Details
Summary

http://www.environment.gov.au/protection/environment-assessments


Summary

This part of the report summarises the matters of national environmental significance that may occur in, or may
relate to, the area you nominated. Further information is available in the detail part of the report, which can be
accessed by scrolling or following the links below. If you are proposing to undertake an activity that may have a
significant impact on one or more matters of national environmental significance then you should consider the
Administrative Guidelines on Significance.

Matters of National Environmental Significance

Listed Threatened Ecological Communities:

Listed Migratory Species:

3

Great Barrier Reef Marine Park:

Wetlands of International Importance:

Listed Threatened Species:

None

55

1

2

National Heritage Places:

Commonwealth Marine Area:

World Heritage Properties:

1

1

64

The EPBC Act protects the environment on Commonwealth land, the environment from the actions taken on
Commonwealth land, and the environment from actions taken by Commonwealth agencies. As heritage values of a
place are part of the 'environment', these aspects of the EPBC Act protect the Commonwealth Heritage values of a
Commonwealth Heritage place. Information on the new heritage laws can be found at
http://www.environment.gov.au/heritage

This part of the report summarises other matters protected under the Act that may relate to the area you nominated.
Approval may be required for a proposed activity that significantly affects the environment on Commonwealth land,
when the action is outside the Commonwealth land, or the environment anywhere when the action is taken on
Commonwealth land. Approval may also be required for the Commonwealth or Commonwealth agencies proposing to
take an action that is likely to have a significant impact on the environment anywhere.

A permit may be required for activities in or on a Commonwealth area that may affect a member of a listed threatened
species or ecological community, a member of a listed migratory species, whales and other cetaceans, or a member of
a listed marine species.

Other Matters Protected by the EPBC Act

None

None

12

Listed Marine Species:

Whales and Other Cetaceans:

100

Commonwealth Heritage Places:

8

3

Critical Habitats:

Commonwealth Land:

Commonwealth Reserves Terrestrial:

NoneAustralian Marine Parks:

Extra Information

This part of the report provides information that may also be relevant to the area you have nominated.

3

12State and Territory Reserves:

Nationally Important Wetlands:

NoneRegional Forest Agreements:

Invasive Species: 40

2Key Ecological Features (Marine)

http://www.environment.gov.au/protection/environment-assessments
http://www.environment.gov.au/epbc/permits-and-application-forms


Details

Wetlands of International Importance (Ramsar) [ Resource Information ]
Name Proximity
Forrestdale and thomsons lakes Within 10km of Ramsar

Listed Threatened Species [ Resource Information ]
Name Status Type of Presence
Birds

Australian Lesser Noddy [26000] Vulnerable Species or species habitat
may occur within area

Anous tenuirostris  melanops

Australasian Bittern [1001] Endangered Species or species habitat
known to occur within area

Botaurus poiciloptilus

Red Knot, Knot [855] Endangered Species or species habitat
known to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species
Calidris ferruginea

World Heritage Properties [ Resource Information ]
Name StatusState
Australian Convict Sites (Fremantle Prison Buffer Zone) Buffer zoneWA
Australian Convict Sites (Fremantle Prison) Declared propertyWA

Commonwealth Marine Area [ Resource Information ]

Name

Approval is required for a proposed activity that is located within the Commonwealth Marine Area which has, will have, or is
likely to have a significant impact on the environment. Approval may be required for a proposed action taken outside the
Commonwealth Marine Area but which has, may have or is likely to have a significant impact on the environment in the
Commonwealth Marine Area. Generally the Commonwealth Marine Area stretches from three nautical miles to two hundred
nautical miles from the coast.

EEZ and Territorial Sea

National Heritage Properties [ Resource Information ]
Name StatusState
Historic
Fremantle Prison (former) Listed placeWA

For threatened ecological communities where the distribution is well known, maps are derived from recovery
plans, State vegetation maps, remote sensing imagery and other sources. Where threatened ecological
community distributions are less well known, existing vegetation maps and point location data are used to
produce indicative distribution maps.

Listed Threatened Ecological Communities [ Resource Information ]

Name Status Type of Presence
Banksia Woodlands of the Swan Coastal Plain
ecological community

Endangered Community likely to occur
within area

Subtropical and Temperate Coastal Saltmarsh Vulnerable Community likely to occur
within area

Tuart (Eucalyptus gomphocephala) Woodlands and
Forests of the Swan Coastal Plain ecological
community

Critically Endangered Community likely to occur
within area

Matters of National Environmental Significance

If you are planning to undertake action in an area in or close to the Commonwealth Marine Area, and a marine
bioregional plan has been prepared for the Commonwealth Marine Area in that area, the marine bioregional
plan may inform your decision as to whether to refer your proposed action under the EPBC Act.

Marine Regions [ Resource Information ]

Name
South-west



Name Status Type of Presence
habitat known to occur
within area

Great Knot [862] Critically Endangered Roosting known to occur
within area

Calidris tenuirostris

Forest Red-tailed Black-Cockatoo, Karrak [67034] Vulnerable Species or species habitat
known to occur within area

Calyptorhynchus banksii  naso

Carnaby's Cockatoo,  Short-billed Black-Cockatoo
[59523]

Endangered Species or species habitat
known to occur within area

Calyptorhynchus latirostris

Greater Sand Plover, Large Sand Plover [877] Vulnerable Roosting known to occur
within area

Charadrius leschenaultii

Lesser Sand Plover, Mongolian Plover [879] Endangered Roosting known to occur
within area

Charadrius mongolus

Amsterdam Albatross [64405] Endangered Species or species habitat
may occur within area

Diomedea amsterdamensis

Tristan Albatross [66471] Endangered Species or species habitat
may occur within area

Diomedea dabbenena

Southern Royal Albatross [89221] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea epomophora

Wandering Albatross [89223] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea exulans

Northern Royal Albatross [64456] Endangered Foraging, feeding or related
behaviour likely to occur
within area

Diomedea sanfordi

Blue Petrel [1059] Vulnerable Species or species habitat
may occur within area

Halobaena caerulea

Malleefowl [934] Vulnerable Species or species habitat
likely to occur within area

Leipoa ocellata

Bar-tailed Godwit (baueri), Western Alaskan Bar-tailed
Godwit [86380]

Vulnerable Species or species habitat
known to occur within area

Limosa lapponica  baueri

Northern Siberian Bar-tailed Godwit, Bar-tailed Godwit
(menzbieri) [86432]

Critically Endangered Species or species habitat
may occur within area

Limosa lapponica  menzbieri

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Northern Giant Petrel [1061] Vulnerable Species or species habitat
may occur within area

Macronectes halli

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Fairy Prion (southern) [64445] Vulnerable Species or species habitat
known to occur within area

Pachyptila turtur  subantarctica

Sooty Albatross [1075] Vulnerable Species or species
Phoebetria fusca



Name Status Type of Presence
habitat may occur within
area

Soft-plumaged Petrel [1036] Vulnerable Species or species habitat
may occur within area

Pterodroma mollis

Australian Painted Snipe [77037] Endangered Species or species habitat
known to occur within area

Rostratula australis

Australian Fairy Tern [82950] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Sternula nereis  nereis

Indian Yellow-nosed  Albatross [64464] Vulnerable Foraging, feeding or related
behaviour may occur within
area

Thalassarche carteri

Shy Albatross [82345] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche cauta  cauta

White-capped Albatross [82344] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche cauta  steadi

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Black-browed Albatross [66472] Vulnerable Species or species habitat
may occur within area

Thalassarche melanophris

Insects

Douglas' Broad-headed Bee, Rottnest Bee [66734] Critically Endangered Species or species habitat
may occur within area

Hesperocolletes douglasi

Mammals

Blue Whale [36] Endangered Species or species habitat
likely to occur within area

Balaenoptera musculus

Woylie [66844] Endangered Species or species habitat
may occur within area

Bettongia penicillata  ogilbyi

Chuditch, Western Quoll [330] Vulnerable Species or species habitat
may occur within area

Dasyurus geoffroii

Southern Right Whale [40] Endangered Breeding known to occur
within area

Eubalaena australis

Humpback Whale [38] Vulnerable Species or species habitat
known to occur within area

Megaptera novaeangliae

Australian Sea-lion, Australian Sea Lion [22] Vulnerable Species or species habitat
known to occur within area

Neophoca cinerea

Western Ringtail Possum, Ngwayir, Womp, Woder,
Ngoor, Ngoolangit [25911]

Critically Endangered Species or species habitat
likely to occur within area

Pseudocheirus occidentalis

Plants

Slender Andersonia [14470] Endangered Species or species habitat
may occur within area

Andersonia gracilis



Name Status Type of Presence

King Spider-orchid, Grand Spider-orchid, Rusty
Spider-orchid [7309]

Endangered Species or species habitat
likely to occur within area

Caladenia huegelii

Tall Donkey Orchid [4365] Vulnerable Species or species habitat
likely to occur within area

Diuris drummondii

Dwarf Bee-orchid [55082] Vulnerable Species or species habitat
likely to occur within area

Diuris micrantha

Purdie's Donkey-orchid [12950] Endangered Species or species habitat
may occur within area

Diuris purdiei

Glossy-leafed Hammer Orchid, Glossy-leaved
Hammer Orchid,  Warty Hammer Orchid [16753]

Endangered Species or species habitat
likely to occur within area

Drakaea elastica

Dwarf Hammer-orchid [56755] Vulnerable Species or species habitat
likely to occur within area

Drakaea micrantha

Keighery's Eleocharis [64893] Vulnerable Species or species habitat
may occur within area

Eleocharis keigheryi

Star Sun-orchid [7060] Endangered Species or species habitat
may occur within area

Thelymitra stellata

Reptiles

Loggerhead Turtle [1763] Endangered Foraging, feeding or related
behaviour known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Flatback Turtle [59257] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Natator depressus

Sharks

Grey Nurse Shark (west coast population) [68752] Vulnerable Species or species habitat
known to occur within area

Carcharias taurus  (west coast population)

White Shark, Great White Shark [64470] Vulnerable Species or species habitat
known to occur within area

Carcharodon carcharias

Whale Shark [66680] Vulnerable Species or species habitat
may occur within area

Rhincodon typus

Listed Migratory Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Migratory Marine Birds

Common Noddy [825] Species or species habitat
likely to occur within area

Anous stolidus



Name Threatened Type of Presence

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Flesh-footed Shearwater, Fleshy-footed Shearwater
[82404]

Foraging, feeding or related
behaviour likely to occur
within area

Ardenna carneipes

Amsterdam Albatross [64405] Endangered Species or species habitat
may occur within area

Diomedea amsterdamensis

Tristan Albatross [66471] Endangered Species or species habitat
may occur within area

Diomedea dabbenena

Southern Royal Albatross [89221] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea epomophora

Wandering Albatross [89223] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea exulans

Northern Royal Albatross [64456] Endangered Foraging, feeding or related
behaviour likely to occur
within area

Diomedea sanfordi

Caspian Tern [808] Foraging, feeding or related
behaviour known to occur
within area

Hydroprogne caspia

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Northern Giant Petrel [1061] Vulnerable Species or species habitat
may occur within area

Macronectes halli

Bridled Tern [82845] Foraging, feeding or related
behaviour likely to occur
within area

Onychoprion anaethetus

Sooty Albatross [1075] Vulnerable Species or species habitat
may occur within area

Phoebetria fusca

Roseate Tern [817] Foraging, feeding or related
behaviour likely to occur
within area

Sterna dougallii

Indian Yellow-nosed  Albatross [64464] Vulnerable Foraging, feeding or related
behaviour may occur within
area

Thalassarche carteri

Shy Albatross [89224] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche cauta

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Black-browed Albatross [66472] Vulnerable Species or species habitat
may occur within area

Thalassarche melanophris

White-capped Albatross [64462] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche steadi

Migratory Marine Species



Name Threatened Type of Presence

Southern Right Whale [75529] Endangered* Breeding known to occur
within area

Balaena glacialis  australis

Bryde's Whale [35] Species or species habitat
may occur within area

Balaenoptera edeni

Blue Whale [36] Endangered Species or species habitat
likely to occur within area

Balaenoptera musculus

Pygmy Right Whale [39] Species or species habitat
may occur within area

Caperea marginata

White Shark, Great White Shark [64470] Vulnerable Species or species habitat
known to occur within area

Carcharodon carcharias

Loggerhead Turtle [1763] Endangered Foraging, feeding or related
behaviour known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Porbeagle, Mackerel Shark [83288] Species or species habitat
may occur within area

Lamna nasus

Reef Manta Ray, Coastal Manta Ray, Inshore Manta
Ray, Prince Alfred's Ray, Resident Manta Ray [84994]

Species or species habitat
may occur within area

Manta alfredi

Giant Manta Ray, Chevron Manta Ray, Pacific Manta
Ray, Pelagic Manta Ray, Oceanic Manta Ray [84995]

Species or species habitat
may occur within area

Manta birostris

Humpback Whale [38] Vulnerable Species or species habitat
known to occur within area

Megaptera novaeangliae

Flatback Turtle [59257] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Natator depressus

Killer Whale, Orca [46] Species or species habitat
may occur within area

Orcinus orca

Whale Shark [66680] Vulnerable Species or species habitat
may occur within area

Rhincodon typus

Migratory Terrestrial Species

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Migratory Wetlands Species

Common Sandpiper [59309] Species or species habitat
known to occur within area

Actitis hypoleucos

Ruddy Turnstone [872] Roosting known to occur
within area

Arenaria interpres



Name Threatened Type of Presence

Sharp-tailed Sandpiper [874] Roosting known to occur
within area

Calidris acuminata

Sanderling [875] Roosting known to occur
within area

Calidris alba

Red Knot, Knot [855] Endangered Species or species habitat
known to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
known to occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
known to occur within area

Calidris melanotos

Red-necked Stint [860] Roosting known to occur
within area

Calidris ruficollis

Great Knot [862] Critically Endangered Roosting known to occur
within area

Calidris tenuirostris

Double-banded Plover [895] Roosting known to occur
within area

Charadrius bicinctus

Greater Sand Plover, Large Sand Plover [877] Vulnerable Roosting known to occur
within area

Charadrius leschenaultii

Lesser Sand Plover, Mongolian Plover [879] Endangered Roosting known to occur
within area

Charadrius mongolus

Swinhoe's Snipe [864] Roosting likely to occur
within area

Gallinago megala

Pin-tailed Snipe [841] Roosting likely to occur
within area

Gallinago stenura

Bar-tailed Godwit [844] Species or species habitat
known to occur within area

Limosa lapponica

Black-tailed Godwit [845] Roosting known to occur
within area

Limosa limosa

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Little Curlew, Little Whimbrel [848] Roosting likely to occur
within area

Numenius minutus

Whimbrel [849] Roosting known to occur
within area

Numenius phaeopus

Osprey [952] Breeding known to occur
within area

Pandion haliaetus

Red-necked Phalarope [838] Roosting known to occur
within area

Phalaropus lobatus

Pacific Golden Plover [25545] Roosting known to occur
within area

Pluvialis fulva

Grey Plover [865] Roosting known to occur
within area

Pluvialis squatarola

Grey-tailed Tattler [851] Roosting known to occur
within area

Tringa brevipes



Name Threatened Type of Presence

Wood Sandpiper [829] Species or species habitat
known to occur within area

Tringa glareola

Common Greenshank, Greenshank [832] Species or species habitat
known to occur within area

Tringa nebularia

Marsh Sandpiper, Little Greenshank [833] Roosting known to occur
within area

Tringa stagnatilis

Common Redshank, Redshank [835] Roosting known to occur
within area

Tringa totanus

Terek Sandpiper [59300] Roosting known to occur
within area

Xenus cinereus

Listed Marine Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Birds

Common Sandpiper [59309] Species or species habitat
known to occur within area

Actitis hypoleucos

Common Noddy [825] Species or species habitat
likely to occur within area

Anous stolidus

Australian Lesser Noddy [26000] Vulnerable Species or species habitat
may occur within area

Anous tenuirostris  melanops

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Great Egret, White Egret [59541] Breeding known to occur
within area

Ardea alba

Cattle Egret [59542] Species or species
Ardea ibis

Commonwealth Land [ Resource Information ]
The Commonwealth area listed below may indicate the presence of Commonwealth land in this vicinity. Due to
the unreliability of the data source, all proposals should be checked as to whether it impacts on a
Commonwealth area, before making a definitive decision. Contact the State or Territory government land
department for further information.

Name
Commonwealth Land -
Defence - ARTILLERY BARRACKS - FREMANTLE
Defence - CAMPBELL BARRACKS - SWANBOURNE
Defence - EAST FREMANTLE SMALL CRAFT BASE
Defence - IRWIN BARRACKS - KARRAKATTA
Defence - LEEUWIN BARRACKS - EAST FREMANTLE
Defence - PRESTON POINT TRAINING DEPOT
Defence - SWANBOURNE RIFLE RANGE

Commonwealth Heritage Places [ Resource Information ]
Name StatusState
Historic

Listed placeArmy Magazine Buildings Irwin Barracks WA
Listed placeArtillery Barracks WA
Listed placeClaremont Post Office WA

Other Matters Protected by the EPBC Act



Name Threatened Type of Presence
habitat may occur within
area

Ruddy Turnstone [872] Roosting known to occur
within area

Arenaria interpres

Sharp-tailed Sandpiper [874] Roosting known to occur
within area

Calidris acuminata

Sanderling [875] Roosting known to occur
within area

Calidris alba

Red Knot, Knot [855] Endangered Species or species habitat
known to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
known to occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
known to occur within area

Calidris melanotos

Red-necked Stint [860] Roosting known to occur
within area

Calidris ruficollis

Great Knot [862] Critically Endangered Roosting known to occur
within area

Calidris tenuirostris

Great Skua [59472] Species or species habitat
may occur within area

Catharacta skua

Double-banded Plover [895] Roosting known to occur
within area

Charadrius bicinctus

Greater Sand Plover, Large Sand Plover [877] Vulnerable Roosting known to occur
within area

Charadrius leschenaultii

Lesser Sand Plover, Mongolian Plover [879] Endangered Roosting known to occur
within area

Charadrius mongolus

Red-capped Plover [881] Roosting known to occur
within area

Charadrius ruficapillus

Amsterdam Albatross [64405] Endangered Species or species habitat
may occur within area

Diomedea amsterdamensis

Tristan Albatross [66471] Endangered Species or species habitat
may occur within area

Diomedea dabbenena

Southern Royal Albatross [89221] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea epomophora

Wandering Albatross [89223] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea exulans

Northern Royal Albatross [64456] Endangered Foraging, feeding or related
behaviour likely to occur
within area

Diomedea sanfordi

Swinhoe's Snipe [864] Roosting likely to occur
within area

Gallinago megala

Pin-tailed Snipe [841] Roosting likely to occur
within area

Gallinago stenura



Name Threatened Type of Presence

White-bellied Sea-Eagle [943] Species or species habitat
known to occur within area

Haliaeetus leucogaster

Blue Petrel [1059] Vulnerable Species or species habitat
may occur within area

Halobaena caerulea

Grey-tailed Tattler [59311] Roosting known to occur
within area

Heteroscelus brevipes

Pied Stilt, Black-winged Stilt [870] Roosting known to occur
within area

Himantopus himantopus

Pacific Gull [811] Foraging, feeding or related
behaviour may occur within
area

Larus pacificus

Bar-tailed Godwit [844] Species or species habitat
known to occur within area

Limosa lapponica

Black-tailed Godwit [845] Roosting known to occur
within area

Limosa limosa

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Northern Giant Petrel [1061] Vulnerable Species or species habitat
may occur within area

Macronectes halli

Rainbow Bee-eater [670] Species or species habitat
may occur within area

Merops ornatus

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
known to occur within area

Numenius madagascariensis

Little Curlew, Little Whimbrel [848] Roosting likely to occur
within area

Numenius minutus

Whimbrel [849] Roosting known to occur
within area

Numenius phaeopus

Fairy Prion [1066] Species or species habitat
known to occur within area

Pachyptila turtur

Osprey [952] Breeding known to occur
within area

Pandion haliaetus

Red-necked Phalarope [838] Roosting known to occur
within area

Phalaropus lobatus

Sooty Albatross [1075] Vulnerable Species or species habitat
may occur within area

Phoebetria fusca

Pacific Golden Plover [25545] Roosting known to occur
within area

Pluvialis fulva

Grey Plover [865] Roosting known to occur
within area

Pluvialis squatarola



Name Threatened Type of Presence

Soft-plumaged Petrel [1036] Vulnerable Species or species habitat
may occur within area

Pterodroma mollis

Little Shearwater [59363] Foraging, feeding or related
behaviour known to occur
within area

Puffinus assimilis

Flesh-footed Shearwater, Fleshy-footed Shearwater
[1043]

Foraging, feeding or related
behaviour likely to occur
within area

Puffinus carneipes

Red-necked Avocet [871] Roosting known to occur
within area

Recurvirostra novaehollandiae

Painted Snipe [889] Endangered* Species or species habitat
known to occur within area

Rostratula benghalensis (sensu lato)

Bridled Tern [814] Foraging, feeding or related
behaviour likely to occur
within area

Sterna anaethetus

Caspian Tern [59467] Foraging, feeding or related
behaviour known to occur
within area

Sterna caspia

Roseate Tern [817] Foraging, feeding or related
behaviour likely to occur
within area

Sterna dougallii

Indian Yellow-nosed  Albatross [64464] Vulnerable Foraging, feeding or related
behaviour may occur within
area

Thalassarche carteri

Shy Albatross [89224] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche cauta

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Black-browed Albatross [66472] Vulnerable Species or species habitat
may occur within area

Thalassarche melanophris

White-capped Albatross [64462] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche steadi

Hooded Plover [59510] Species or species habitat
known to occur within area

Thinornis rubricollis

Wood Sandpiper [829] Species or species habitat
known to occur within area

Tringa glareola

Common Greenshank, Greenshank [832] Species or species habitat
known to occur within area

Tringa nebularia

Marsh Sandpiper, Little Greenshank [833] Roosting known to occur
within area

Tringa stagnatilis

Common Redshank, Redshank [835] Roosting known to occur
within area

Tringa totanus

Terek Sandpiper [59300] Roosting known to occur
within area

Xenus cinereus

Fish



Name Threatened Type of Presence

Southern Pygmy Pipehorse [66185] Species or species habitat
may occur within area

Acentronura australe

Gale's Pipefish [66191] Species or species habitat
may occur within area

Campichthys galei

Pig-snouted Pipefish [66198] Species or species habitat
may occur within area

Choeroichthys suillus

Brock's Pipefish [66219] Species or species habitat
may occur within area

Halicampus brocki

Upside-down Pipefish, Eastern Upside-down Pipefish,
Eastern Upside-down Pipefish [66227]

Species or species habitat
may occur within area

Heraldia nocturna

Western Spiny Seahorse, Narrow-bellied Seahorse
[66234]

Species or species habitat
may occur within area

Hippocampus angustus

Short-head Seahorse, Short-snouted Seahorse
[66235]

Species or species habitat
may occur within area

Hippocampus breviceps

West Australian Seahorse [66722] Species or species habitat
may occur within area

Hippocampus subelongatus

Rhino Pipefish, Macleay's Crested Pipefish, Ring-back
Pipefish [66243]

Species or species habitat
may occur within area

Histiogamphelus cristatus

Australian Smooth Pipefish, Smooth Pipefish [66249] Species or species habitat
may occur within area

Lissocampus caudalis

Prophet's Pipefish [66250] Species or species habitat
may occur within area

Lissocampus fatiloquus

Javelin Pipefish [66251] Species or species habitat
may occur within area

Lissocampus runa

Sawtooth Pipefish [66252] Species or species habitat
may occur within area

Maroubra perserrata

Western Crested Pipefish [66259] Species or species habitat
may occur within area

Mitotichthys meraculus

Bonyhead Pipefish, Bony-headed Pipefish [66264] Species or species habitat
may occur within area

Nannocampus subosseus

Leafy Seadragon [66267] Species or species habitat
may occur within area

Phycodurus eques

Common Seadragon, Weedy Seadragon [66268] Species or species habitat
may occur within area

Phyllopteryx taeniolatus

Pugnose Pipefish, Pug-nosed Pipefish [66269] Species or species habitat
may occur within area

Pugnaso curtirostris



Name Threatened Type of Presence

Gunther's Pipehorse, Indonesian Pipefish [66273] Species or species habitat
may occur within area

Solegnathus lettiensis

Spotted Pipefish, Gulf Pipefish, Peacock Pipefish
[66276]

Species or species habitat
may occur within area

Stigmatopora argus

Widebody Pipefish, Wide-bodied Pipefish, Black
Pipefish [66277]

Species or species habitat
may occur within area

Stigmatopora nigra

Double-end Pipehorse, Double-ended Pipehorse,
Alligator Pipefish [66279]

Species or species habitat
may occur within area

Syngnathoides biaculeatus

Hairy Pipefish [66282] Species or species habitat
may occur within area

Urocampus carinirostris

Mother-of-pearl Pipefish [66283] Species or species habitat
may occur within area

Vanacampus margaritifer

Port Phillip Pipefish [66284] Species or species habitat
may occur within area

Vanacampus phillipi

Longsnout Pipefish, Australian Long-snout Pipefish,
Long-snouted Pipefish [66285]

Species or species habitat
may occur within area

Vanacampus poecilolaemus

Mammals

Long-nosed Fur-seal, New Zealand Fur-seal [20] Species or species habitat
may occur within area

Arctocephalus forsteri

Australian Sea-lion, Australian Sea Lion [22] Vulnerable Species or species habitat
known to occur within area

Neophoca cinerea

Reptiles

Shark Bay Seasnake [66061] Species or species habitat
may occur within area

Aipysurus pooleorum

Loggerhead Turtle [1763] Endangered Foraging, feeding or related
behaviour known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Spectacled Seasnake [1123] Species or species habitat
may occur within area

Disteira kingii

Flatback Turtle [59257] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Natator depressus

Yellow-bellied Seasnake [1091] Species or species habitat
may occur within area

Pelamis platurus

Whales and other Cetaceans [ Resource Information ]
Name Status Type of Presence



Name Status Type of Presence
Mammals

Minke Whale [33] Species or species habitat
may occur within area

Balaenoptera acutorostrata

Bryde's Whale [35] Species or species habitat
may occur within area

Balaenoptera edeni

Blue Whale [36] Endangered Species or species habitat
likely to occur within area

Balaenoptera musculus

Pygmy Right Whale [39] Species or species habitat
may occur within area

Caperea marginata

Common Dophin, Short-beaked Common Dolphin [60] Species or species habitat
may occur within area

Delphinus delphis

Southern Right Whale [40] Endangered Breeding known to occur
within area

Eubalaena australis

Risso's Dolphin, Grampus [64] Species or species habitat
may occur within area

Grampus griseus

Humpback Whale [38] Vulnerable Species or species habitat
known to occur within area

Megaptera novaeangliae

Killer Whale, Orca [46] Species or species habitat
may occur within area

Orcinus orca

Spotted Dolphin, Pantropical Spotted Dolphin [51] Species or species habitat
may occur within area

Stenella attenuata

Indian Ocean Bottlenose Dolphin, Spotted Bottlenose
Dolphin [68418]

Species or species habitat
likely to occur within area

Tursiops aduncus

Bottlenose Dolphin [68417] Species or species habitat
may occur within area

Tursiops truncatus s. str.

State and Territory Reserves [ Resource Information ]
Name State
Alfred Cove WA
Bold Park WA
Keanes Point Reserve WA
Kings Park WA
Matilda Bay Reserve WA
Swan River WA
Unnamed WA31906 WA
Unnamed WA44414 WA
Unnamed WA45772 WA
Unnamed WA45773 WA
Unnamed WA50067 WA
Unnamed WA52237 WA

Extra Information



Invasive Species [ Resource Information ]
Weeds reported here are the 20 species of national significance (WoNS), along with other introduced plants
that are considered by the States and Territories to pose a particularly significant threat to biodiversity. The
following feral animals are reported: Goat, Red Fox, Cat, Rabbit, Pig, Water Buffalo and Cane Toad. Maps from
Landscape Health Project, National Land and Water Resouces Audit, 2001.

Name Status Type of Presence
Birds

Common Myna, Indian Myna [387] Species or species habitat
likely to occur within area

Acridotheres tristis

Mallard [974] Species or species habitat
likely to occur within area

Anas platyrhynchos

European Goldfinch [403] Species or species habitat
likely to occur within area

Carduelis carduelis

Rock Pigeon, Rock Dove, Domestic Pigeon [803] Species or species habitat
likely to occur within area

Columba livia

House Sparrow [405] Species or species habitat
likely to occur within area

Passer domesticus

Eurasian Tree Sparrow [406] Species or species habitat
likely to occur within area

Passer montanus

Spotted Turtle-Dove  [780] Species or species habitat
likely to occur within area

Streptopelia chinensis

Laughing Turtle-dove, Laughing Dove [781] Species or species habitat
likely to occur within area

Streptopelia senegalensis

Common Starling [389] Species or species habitat
likely to occur within area

Sturnus vulgaris

Common Blackbird, Eurasian Blackbird [596] Species or species habitat
likely to occur within area

Turdus merula

Mammals

Domestic Cattle [16] Species or species habitat
likely to occur within area

Bos taurus

Domestic Dog [82654] Species or species habitat
likely to occur within area

Canis lupus  familiaris

Cat, House Cat, Domestic Cat [19] Species or species habitat
likely to occur within area

Felis catus

Northern Palm Squirrel, Five-striped Palm Squirrel
[129]

Species or species habitat
likely to occur within area

Funambulus pennantii

House Mouse [120] Species or species habitat
likely to occur within area

Mus musculus

Rabbit, European Rabbit [128] Species or species habitat
likely to occur within area

Oryctolagus cuniculus



Name Status Type of Presence

Brown Rat, Norway Rat [83] Species or species habitat
likely to occur within area

Rattus norvegicus

Black Rat, Ship Rat [84] Species or species habitat
likely to occur within area

Rattus rattus

Red Fox, Fox [18] Species or species habitat
likely to occur within area

Vulpes vulpes

Plants

Madeira Vine, Jalap, Lamb's-tail, Mignonette Vine,
Anredera, Gulf Madeiravine, Heartleaf Madeiravine,
Potato Vine [2643]

Species or species habitat
likely to occur within area

Anredera cordifolia

Asparagus Fern, Ground Asparagus, Basket Fern,
Sprengi's Fern, Bushy Asparagus, Emerald Asparagus
[62425]

Species or species habitat
likely to occur within area

Asparagus aethiopicus

Bridal Creeper, Bridal Veil Creeper, Smilax, Florist's
Smilax, Smilax Asparagus [22473]

Species or species habitat
likely to occur within area

Asparagus asparagoides

Bridal Veil, Bridal Veil Creeper, Pale Berry Asparagus
Fern, Asparagus Fern, South African Creeper [66908]

Species or species habitat
likely to occur within area

Asparagus declinatus

Climbing Asparagus-fern [48993] Species or species habitat
likely to occur within area

Asparagus plumosus

Para Grass [5879] Species or species habitat
may occur within area

Brachiaria mutica

Buffel-grass, Black Buffel-grass [20213] Species or species habitat
may occur within area

Cenchrus ciliaris

Bitou Bush, Boneseed [18983] Species or species habitat
may occur within area

Chrysanthemoides monilifera

Boneseed [16905] Species or species habitat
likely to occur within area

Chrysanthemoides monilifera subsp. monilifera

Broom [67538] Species or species habitat
may occur within area

Genista sp. X Genista monspessulana

Lantana, Common Lantana, Kamara Lantana, Large-
leaf Lantana, Pink Flowered Lantana, Red Flowered
Lantana, Red-Flowered Sage, White Sage, Wild Sage
[10892]

Species or species habitat
likely to occur within area

Lantana camara

African Boxthorn, Boxthorn [19235] Species or species habitat
likely to occur within area

Lycium ferocissimum

Olive, Common Olive [9160] Species or species habitat
may occur within area

Olea europaea

Prickly Pears [82753] Species or species habitat
likely to occur within area

Opuntia spp.

Radiata Pine Monterey Pine, Insignis Pine, Wilding
Pine [20780]

Species or species habitat
may occur within

Pinus radiata



Nationally Important Wetlands [ Resource Information ]
Name State
Herdsman Lake WA
Palmer Barracks, Guildford WA
Swan-Canning Estuary WA

Name Status Type of Presence
area

Blackberry, European Blackberry [68406] Species or species habitat
likely to occur within area

Rubus fruticosus aggregate

Delta Arrowhead, Arrowhead, Slender Arrowhead
[68483]

Species or species habitat
likely to occur within area

Sagittaria platyphylla

Willows except Weeping Willow, Pussy Willow and
Sterile Pussy Willow [68497]

Species or species habitat
likely to occur within area

Salix spp. except S.babylonica, S.x calodendron & S.x reichardtii

Salvinia, Giant Salvinia, Aquarium Watermoss, Kariba
Weed [13665]

Species or species habitat
likely to occur within area

Salvinia molesta

Athel Pine, Athel Tree, Tamarisk, Athel Tamarisk,
Athel Tamarix, Desert Tamarisk, Flowering Cypress,
Salt Cedar [16018]

Species or species habitat
likely to occur within area

Tamarix aphylla

Reptiles

Asian House Gecko [1708] Species or species habitat
likely to occur within area

Hemidactylus frenatus

Key Ecological Features are the parts of the marine ecosystem that are considered to be important for the
biodiversity or ecosystem functioning and integrity of the Commonwealth Marine Area.

Key Ecological Features (Marine) [ Resource Information ]

Name Region
Commonwealth marine environment within and South-west
Western rock lobster South-west



- non-threatened seabirds which have only been mapped for recorded breeding sites

- migratory species that are very widespread, vagrant, or only occur in small numbers

- some species and ecological communities that have only recently been listed

Not all species listed under the EPBC Act have been mapped (see below) and therefore a report is a general guide only. Where available data
supports mapping, the type of presence that can be determined from the data is indicated in general terms. People using this information in making
a referral may need to consider the qualifications below and may need to seek and consider other information sources.

For threatened ecological communities where the distribution is well known, maps are derived from recovery plans, State vegetation maps, remote
sensing imagery and other sources. Where threatened ecological community distributions are less well known, existing vegetation maps and point
location data are used to produce indicative distribution maps.

- seals which have only been mapped for breeding sites near the Australian continent

Such breeding sites may be important for the protection of the Commonwealth Marine environment.

Threatened, migratory and marine species distributions have been derived through a variety of methods.  Where distributions are well known and if
time permits, maps are derived using either thematic spatial data (i.e. vegetation, soils, geology, elevation, aspect, terrain, etc) together with point
locations and described habitat; or environmental modelling (MAXENT or BIOCLIM habitat modelling) using point locations and environmental data
layers.

The information presented in this report has been provided by a range of data sources as acknowledged at the end of the report.
Caveat

- migratory and

The following species and ecological communities have not been mapped and do not appear in reports produced from this database:

- marine

This report is designed to assist in identifying the locations of places which may be relevant in determining obligations under the Environment
Protection and Biodiversity Conservation Act 1999. It holds mapped locations of World and National Heritage properties, Wetlands of International
and National Importance, Commonwealth and State/Territory reserves, listed threatened, migratory and marine species and listed threatened
ecological communities. Mapping of Commonwealth land is not complete at this stage. Maps have been collated from a range of sources at various
resolutions.

- threatened species listed as extinct or considered as vagrants

- some terrestrial species that overfly the Commonwealth marine area

The following groups have been mapped, but may not cover the complete distribution of the species:

Only selected species covered by the following provisions of the EPBC Act have been mapped:

Where very little information is available for species or large number of maps are required in a short time-frame, maps are derived either from 0.04
or 0.02 decimal degree cells; by an automated process using polygon capture techniques (static two kilometre grid cells, alpha-hull and convex hull);
or captured manually or by using topographic features (national park boundaries, islands, etc).  In the early stages of the distribution mapping
process (1999-early 2000s) distributions were defined by degree blocks, 100K or 250K map sheets to rapidly create distribution maps. More reliable
distribution mapping methods are used to update these distributions as time permits.

-31.94243 115.72249,-31.94243 115.7483,-31.95115 115.75378,-31.97316 115.75433,-31.98158 115.74327,-31.9816 115.72245,-31.94243
115.72249
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EPBC Act Protected Matters Report

This report provides general guidance on matters of national environmental significance and other matters
protected by the EPBC Act in the area you have selected.

Information on the coverage of this report and qualifications on data supporting this report are contained in the
caveat at the end of the report.

Information is available about Environment Assessments and the EPBC Act including significance guidelines,
forms and application process details.

Other Matters Protected by the EPBC Act
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Summary

This part of the report summarises the matters of national environmental significance that may occur in, or may
relate to, the area you nominated. Further information is available in the detail part of the report, which can be
accessed by scrolling or following the links below. If you are proposing to undertake an activity that may have a
significant impact on one or more matters of national environmental significance then you should consider the
Administrative Guidelines on Significance.

Matters of National Environmental Significance

Listed Threatened Ecological Communities:

Listed Migratory Species:

2

Great Barrier Reef Marine Park:

Wetlands of International Importance:

Listed Threatened Species:

None

41

None

None

National Heritage Places:

Commonwealth Marine Area:

World Heritage Properties:

None

1

44

The EPBC Act protects the environment on Commonwealth land, the environment from the actions taken on
Commonwealth land, and the environment from actions taken by Commonwealth agencies. As heritage values of a
place are part of the 'environment', these aspects of the EPBC Act protect the Commonwealth Heritage values of a
Commonwealth Heritage place. Information on the new heritage laws can be found at
http://www.environment.gov.au/heritage

This part of the report summarises other matters protected under the Act that may relate to the area you nominated.
Approval may be required for a proposed activity that significantly affects the environment on Commonwealth land,
when the action is outside the Commonwealth land, or the environment anywhere when the action is taken on
Commonwealth land. Approval may also be required for the Commonwealth or Commonwealth agencies proposing to
take an action that is likely to have a significant impact on the environment anywhere.

A permit may be required for activities in or on a Commonwealth area that may affect a member of a listed threatened
species or ecological community, a member of a listed migratory species, whales and other cetaceans, or a member of
a listed marine species.

Other Matters Protected by the EPBC Act

None

None

11

Listed Marine Species:

Whales and Other Cetaceans:

75

Commonwealth Heritage Places:

1

1

Critical Habitats:

Commonwealth Land:

Commonwealth Reserves Terrestrial:

NoneAustralian Marine Parks:

Extra Information

This part of the report provides information that may also be relevant to the area you have nominated.

None

5State and Territory Reserves:

Nationally Important Wetlands:

NoneRegional Forest Agreements:

Invasive Species: 16

2Key Ecological Features (Marine)

http://www.environment.gov.au/protection/environment-assessments
http://www.environment.gov.au/epbc/permits-and-application-forms


Details

Listed Threatened Species [ Resource Information ]
Name Status Type of Presence
Birds

Australian Lesser Noddy [26000] Vulnerable Species or species habitat
may occur within area

Anous tenuirostris  melanops

Red Knot, Knot [855] Endangered Species or species habitat
known to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
likely to occur within area

Calidris ferruginea

Carnaby's Cockatoo,  Short-billed Black-Cockatoo
[59523]

Endangered Species or species habitat
known to occur within area

Calyptorhynchus latirostris

Amsterdam Albatross [64405] Endangered Species or species habitat
may occur within area

Diomedea amsterdamensis

Southern Royal Albatross [89221] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea epomophora

Commonwealth Marine Area [ Resource Information ]

Name

Approval is required for a proposed activity that is located within the Commonwealth Marine Area which has, will have, or is
likely to have a significant impact on the environment. Approval may be required for a proposed action taken outside the
Commonwealth Marine Area but which has, may have or is likely to have a significant impact on the environment in the
Commonwealth Marine Area. Generally the Commonwealth Marine Area stretches from three nautical miles to two hundred
nautical miles from the coast.

EEZ and Territorial Sea

For threatened ecological communities where the distribution is well known, maps are derived from recovery
plans, State vegetation maps, remote sensing imagery and other sources. Where threatened ecological
community distributions are less well known, existing vegetation maps and point location data are used to
produce indicative distribution maps.

Listed Threatened Ecological Communities [ Resource Information ]

Name Status Type of Presence
Banksia Woodlands of the Swan Coastal Plain
ecological community

Endangered Community may occur
within area

Tuart (Eucalyptus gomphocephala) Woodlands and
Forests of the Swan Coastal Plain ecological
community

Critically Endangered Community may occur
within area

Matters of National Environmental Significance

If you are planning to undertake action in an area in or close to the Commonwealth Marine Area, and a marine
bioregional plan has been prepared for the Commonwealth Marine Area in that area, the marine bioregional
plan may inform your decision as to whether to refer your proposed action under the EPBC Act.

Marine Regions [ Resource Information ]

Name
South-west



Name Status Type of Presence

Wandering Albatross [89223] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea exulans

Northern Royal Albatross [64456] Endangered Foraging, feeding or related
behaviour likely to occur
within area

Diomedea sanfordi

Blue Petrel [1059] Vulnerable Species or species habitat
may occur within area

Halobaena caerulea

Malleefowl [934] Vulnerable Species or species habitat
likely to occur within area

Leipoa ocellata

Bar-tailed Godwit (baueri), Western Alaskan Bar-tailed
Godwit [86380]

Vulnerable Species or species habitat
may occur within area

Limosa lapponica  baueri

Northern Siberian Bar-tailed Godwit, Bar-tailed Godwit
(menzbieri) [86432]

Critically Endangered Species or species habitat
may occur within area

Limosa lapponica  menzbieri

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Northern Giant Petrel [1061] Vulnerable Species or species habitat
may occur within area

Macronectes halli

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
may occur within area

Numenius madagascariensis

Fairy Prion (southern) [64445] Vulnerable Species or species habitat
likely to occur within area

Pachyptila turtur  subantarctica

Sooty Albatross [1075] Vulnerable Species or species habitat
may occur within area

Phoebetria fusca

Soft-plumaged Petrel [1036] Vulnerable Species or species habitat
may occur within area

Pterodroma mollis

Australian Painted Snipe [77037] Endangered Species or species habitat
likely to occur within area

Rostratula australis

Australian Fairy Tern [82950] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Sternula nereis  nereis

Indian Yellow-nosed  Albatross [64464] Vulnerable Foraging, feeding or related
behaviour may occur within
area

Thalassarche carteri

Shy Albatross [82345] Vulnerable Species or species habitat
may occur within area

Thalassarche cauta  cauta

White-capped Albatross [82344] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche cauta  steadi

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida



Name Status Type of Presence

Black-browed Albatross [66472] Vulnerable Species or species habitat
may occur within area

Thalassarche melanophris

Mammals

Blue Whale [36] Endangered Migration route known to
occur within area

Balaenoptera musculus

Chuditch, Western Quoll [330] Vulnerable Species or species habitat
likely to occur within area

Dasyurus geoffroii

Southern Right Whale [40] Endangered Species or species habitat
likely to occur within area

Eubalaena australis

Humpback Whale [38] Vulnerable Species or species habitat
known to occur within area

Megaptera novaeangliae

Australian Sea-lion, Australian Sea Lion [22] Vulnerable Species or species habitat
likely to occur within area

Neophoca cinerea

Plants

Slender Andersonia [14470] Endangered Species or species habitat
may occur within area

Andersonia gracilis

Keighery's Eleocharis [64893] Vulnerable Species or species habitat
likely to occur within area

Eleocharis keigheryi

Keighery's Macarthuria [64930] Endangered Species or species habitat
likely to occur within area

Macarthuria keigheryi

Reptiles

Loggerhead Turtle [1763] Endangered Foraging, feeding or related
behaviour known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Chelonia mydas

Lancelin Island Skink [1482] Vulnerable Species or species habitat
known to occur within area

Ctenotus lancelini

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Flatback Turtle [59257] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Natator depressus

Sharks

Grey Nurse Shark (west coast population) [68752] Vulnerable Species or species habitat
known to occur within area

Carcharias taurus  (west coast population)

White Shark, Great White Shark [64470] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Carcharodon carcharias

Whale Shark [66680] Vulnerable Species or species habitat
may occur within area

Rhincodon typus



Listed Migratory Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Migratory Marine Birds

Common Noddy [825] Species or species habitat
likely to occur within area

Anous stolidus

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Flesh-footed Shearwater, Fleshy-footed Shearwater
[82404]

Foraging, feeding or related
behaviour likely to occur
within area

Ardenna carneipes

Wedge-tailed Shearwater [84292] Breeding known to occur
within area

Ardenna pacifica

Amsterdam Albatross [64405] Endangered Species or species habitat
may occur within area

Diomedea amsterdamensis

Southern Royal Albatross [89221] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea epomophora

Wandering Albatross [89223] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea exulans

Northern Royal Albatross [64456] Endangered Foraging, feeding or related
behaviour likely to occur
within area

Diomedea sanfordi

Caspian Tern [808] Breeding known to occur
within area

Hydroprogne caspia

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Northern Giant Petrel [1061] Vulnerable Species or species habitat
may occur within area

Macronectes halli

Bridled Tern [82845] Breeding known to occur
within area

Onychoprion anaethetus

Sooty Albatross [1075] Vulnerable Species or species habitat
may occur within area

Phoebetria fusca

Roseate Tern [817] Breeding known to occur
within area

Sterna dougallii

Indian Yellow-nosed  Albatross [64464] Vulnerable Foraging, feeding or related
behaviour may occur within
area

Thalassarche carteri

Shy Albatross [89224] Vulnerable* Species or species habitat
may occur within area

Thalassarche cauta

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Black-browed Albatross [66472] Vulnerable Species or species habitat
may occur within area

Thalassarche melanophris



Name Threatened Type of Presence

White-capped Albatross [64462] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche steadi

Migratory Marine Species

Southern Right Whale [75529] Endangered* Species or species habitat
likely to occur within area

Balaena glacialis  australis

Bryde's Whale [35] Species or species habitat
may occur within area

Balaenoptera edeni

Blue Whale [36] Endangered Migration route known to
occur within area

Balaenoptera musculus

White Shark, Great White Shark [64470] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Carcharodon carcharias

Loggerhead Turtle [1763] Endangered Foraging, feeding or related
behaviour known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Porbeagle, Mackerel Shark [83288] Species or species habitat
may occur within area

Lamna nasus

Reef Manta Ray, Coastal Manta Ray, Inshore Manta
Ray, Prince Alfred's Ray, Resident Manta Ray [84994]

Species or species habitat
may occur within area

Manta alfredi

Giant Manta Ray, Chevron Manta Ray, Pacific Manta
Ray, Pelagic Manta Ray, Oceanic Manta Ray [84995]

Species or species habitat
may occur within area

Manta birostris

Humpback Whale [38] Vulnerable Species or species habitat
known to occur within area

Megaptera novaeangliae

Flatback Turtle [59257] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Natator depressus

Killer Whale, Orca [46] Species or species habitat
may occur within area

Orcinus orca

Whale Shark [66680] Vulnerable Species or species habitat
may occur within area

Rhincodon typus

Migratory Terrestrial Species

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Migratory Wetlands Species

Common Sandpiper [59309] Species or species habitat
known to occur within area

Actitis hypoleucos

Sharp-tailed Sandpiper [874] Species or species habitat
may occur within

Calidris acuminata



Name Threatened Type of Presence
area

Red Knot, Knot [855] Endangered Species or species habitat
known to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
likely to occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Bar-tailed Godwit [844] Species or species habitat
known to occur within area

Limosa lapponica

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
may occur within area

Numenius madagascariensis

Osprey [952] Breeding known to occur
within area

Pandion haliaetus

Crested Tern [83000] Breeding known to occur
within area

Thalasseus bergii

Common Greenshank, Greenshank [832] Species or species habitat
likely to occur within area

Tringa nebularia

Listed Marine Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Birds

Common Sandpiper [59309] Species or species habitat
known to occur within area

Actitis hypoleucos

Common Noddy [825] Species or species habitat
likely to occur within area

Anous stolidus

Australian Lesser Noddy [26000] Vulnerable Species or species habitat
may occur within area

Anous tenuirostris  melanops

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Great Egret, White Egret [59541] Species or species habitat
likely to occur within area

Ardea alba

Commonwealth Land [ Resource Information ]
The Commonwealth area listed below may indicate the presence of Commonwealth land in this vicinity. Due to
the unreliability of the data source, all proposals should be checked as to whether it impacts on a
Commonwealth area, before making a definitive decision. Contact the State or Territory government land
department for further information.

Name
Defence - LANCELIN TRAINING AREA

Commonwealth Heritage Places [ Resource Information ]
Name StatusState
Natural

Listed placeLancelin Defence Training Area WA

Other Matters Protected by the EPBC Act



Name Threatened Type of Presence

Cattle Egret [59542] Species or species habitat
may occur within area

Ardea ibis

Sharp-tailed Sandpiper [874] Species or species habitat
may occur within area

Calidris acuminata

Red Knot, Knot [855] Endangered Species or species habitat
known to occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
likely to occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Great Skua [59472] Species or species habitat
may occur within area

Catharacta skua

Amsterdam Albatross [64405] Endangered Species or species habitat
may occur within area

Diomedea amsterdamensis

Southern Royal Albatross [89221] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea epomophora

Wandering Albatross [89223] Vulnerable Foraging, feeding or related
behaviour likely to occur
within area

Diomedea exulans

Northern Royal Albatross [64456] Endangered Foraging, feeding or related
behaviour likely to occur
within area

Diomedea sanfordi

White-bellied Sea-Eagle [943] Species or species habitat
likely to occur within area

Haliaeetus leucogaster

Blue Petrel [1059] Vulnerable Species or species habitat
may occur within area

Halobaena caerulea

Silver Gull [810] Breeding known to occur
within area

Larus novaehollandiae

Pacific Gull [811] Breeding known to occur
within area

Larus pacificus

Bar-tailed Godwit [844] Species or species habitat
known to occur within area

Limosa lapponica

Southern Giant-Petrel, Southern Giant Petrel [1060] Endangered Species or species habitat
may occur within area

Macronectes giganteus

Northern Giant Petrel [1061] Vulnerable Species or species habitat
may occur within area

Macronectes halli

Rainbow Bee-eater [670] Species or species habitat
may occur within area

Merops ornatus

Grey Wagtail [642] Species or species habitat
may occur within

Motacilla cinerea



Name Threatened Type of Presence
area

Eastern Curlew, Far Eastern Curlew [847] Critically Endangered Species or species habitat
may occur within area

Numenius madagascariensis

Fairy Prion [1066] Species or species habitat
likely to occur within area

Pachyptila turtur

Osprey [952] Breeding known to occur
within area

Pandion haliaetus

White-faced Storm-Petrel [1016] Breeding known to occur
within area

Pelagodroma marina

Sooty Albatross [1075] Vulnerable Species or species habitat
may occur within area

Phoebetria fusca

Soft-plumaged Petrel [1036] Vulnerable Species or species habitat
may occur within area

Pterodroma mollis

Little Shearwater [59363] Foraging, feeding or related
behaviour known to occur
within area

Puffinus assimilis

Flesh-footed Shearwater, Fleshy-footed Shearwater
[1043]

Foraging, feeding or related
behaviour likely to occur
within area

Puffinus carneipes

Wedge-tailed Shearwater [1027] Breeding known to occur
within area

Puffinus pacificus

Painted Snipe [889] Endangered* Species or species habitat
likely to occur within area

Rostratula benghalensis (sensu lato)

Bridled Tern [814] Breeding known to occur
within area

Sterna anaethetus

Crested Tern [816] Breeding known to occur
within area

Sterna bergii

Caspian Tern [59467] Breeding known to occur
within area

Sterna caspia

Roseate Tern [817] Breeding known to occur
within area

Sterna dougallii

Sooty Tern [794] Breeding known to occur
within area

Sterna fuscata

Indian Yellow-nosed  Albatross [64464] Vulnerable Foraging, feeding or related
behaviour may occur within
area

Thalassarche carteri

Shy Albatross [89224] Vulnerable* Species or species habitat
may occur within area

Thalassarche cauta

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Vulnerable Species or species habitat
may occur within area

Thalassarche impavida

Black-browed Albatross [66472] Vulnerable Species or species habitat
may occur within area

Thalassarche melanophris

White-capped Albatross [64462] Vulnerable* Foraging, feeding or related
behaviour likely to occur
within area

Thalassarche steadi



Name Threatened Type of Presence

Hooded Plover [59510] Species or species habitat
may occur within area

Thinornis rubricollis

Common Greenshank, Greenshank [832] Species or species habitat
likely to occur within area

Tringa nebularia

Fish

Southern Pygmy Pipehorse [66185] Species or species habitat
may occur within area

Acentronura australe

Gale's Pipefish [66191] Species or species habitat
may occur within area

Campichthys galei

Pig-snouted Pipefish [66198] Species or species habitat
may occur within area

Choeroichthys suillus

Brock's Pipefish [66219] Species or species habitat
may occur within area

Halicampus brocki

Western Spiny Seahorse, Narrow-bellied Seahorse
[66234]

Species or species habitat
may occur within area

Hippocampus angustus

Short-head Seahorse, Short-snouted Seahorse
[66235]

Species or species habitat
may occur within area

Hippocampus breviceps

West Australian Seahorse [66722] Species or species habitat
may occur within area

Hippocampus subelongatus

Prophet's Pipefish [66250] Species or species habitat
may occur within area

Lissocampus fatiloquus

Sawtooth Pipefish [66252] Species or species habitat
may occur within area

Maroubra perserrata

Western Crested Pipefish [66259] Species or species habitat
may occur within area

Mitotichthys meraculus

Bonyhead Pipefish, Bony-headed Pipefish [66264] Species or species habitat
may occur within area

Nannocampus subosseus

Leafy Seadragon [66267] Species or species habitat
may occur within area

Phycodurus eques

Common Seadragon, Weedy Seadragon [66268] Species or species habitat
may occur within area

Phyllopteryx taeniolatus

Pugnose Pipefish, Pug-nosed Pipefish [66269] Species or species habitat
may occur within area

Pugnaso curtirostris

Gunther's Pipehorse, Indonesian Pipefish [66273] Species or species habitat
may occur within area

Solegnathus lettiensis

Spotted Pipefish, Gulf Pipefish, Peacock Pipefish
[66276]

Species or species habitat
may occur within area

Stigmatopora argus



Name Threatened Type of Presence

Widebody Pipefish, Wide-bodied Pipefish, Black
Pipefish [66277]

Species or species habitat
may occur within area

Stigmatopora nigra

Double-end Pipehorse, Double-ended Pipehorse,
Alligator Pipefish [66279]

Species or species habitat
may occur within area

Syngnathoides biaculeatus

Hairy Pipefish [66282] Species or species habitat
may occur within area

Urocampus carinirostris

Mother-of-pearl Pipefish [66283] Species or species habitat
may occur within area

Vanacampus margaritifer

Mammals

Long-nosed Fur-seal, New Zealand Fur-seal [20] Species or species habitat
may occur within area

Arctocephalus forsteri

Australian Sea-lion, Australian Sea Lion [22] Vulnerable Species or species habitat
likely to occur within area

Neophoca cinerea

Reptiles

Shark Bay Seasnake [66061] Species or species habitat
may occur within area

Aipysurus pooleorum

Loggerhead Turtle [1763] Endangered Foraging, feeding or related
behaviour known to occur
within area

Caretta caretta

Green Turtle [1765] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Foraging, feeding or related
behaviour known to occur
within area

Dermochelys coriacea

Spectacled Seasnake [1123] Species or species habitat
may occur within area

Disteira kingii

Flatback Turtle [59257] Vulnerable Foraging, feeding or related
behaviour known to occur
within area

Natator depressus

Yellow-bellied Seasnake [1091] Species or species habitat
may occur within area

Pelamis platurus

Whales and other Cetaceans [ Resource Information ]
Name Status Type of Presence
Mammals

Minke Whale [33] Species or species habitat
may occur within area

Balaenoptera acutorostrata

Bryde's Whale [35] Species or species habitat
may occur within area

Balaenoptera edeni

Blue Whale [36] Endangered Migration route known to
occur within area

Balaenoptera musculus

Common Dophin, Short-beaked Common Dolphin [60] Species or species habitat
may occur within area

Delphinus delphis



Name Status Type of Presence

Southern Right Whale [40] Endangered Species or species habitat
likely to occur within area

Eubalaena australis

Risso's Dolphin, Grampus [64] Species or species habitat
may occur within area

Grampus griseus

Humpback Whale [38] Vulnerable Species or species habitat
known to occur within area

Megaptera novaeangliae

Killer Whale, Orca [46] Species or species habitat
may occur within area

Orcinus orca

Spotted Dolphin, Pantropical Spotted Dolphin [51] Species or species habitat
may occur within area

Stenella attenuata

Indian Ocean Bottlenose Dolphin, Spotted Bottlenose
Dolphin [68418]

Species or species habitat
likely to occur within area

Tursiops aduncus

Bottlenose Dolphin [68417] Species or species habitat
may occur within area

Tursiops truncatus s. str.

State and Territory Reserves [ Resource Information ]
Name State
Lancelin And Edwards Islands WA
Nilgen WA
Unnamed WA48858 WA
Wanagarren WA
Wedge Island WA

Extra Information

Invasive Species [ Resource Information ]
Weeds reported here are the 20 species of national significance (WoNS), along with other introduced plants
that are considered by the States and Territories to pose a particularly significant threat to biodiversity. The
following feral animals are reported: Goat, Red Fox, Cat, Rabbit, Pig, Water Buffalo and Cane Toad. Maps from
Landscape Health Project, National Land and Water Resouces Audit, 2001.

Name Status Type of Presence
Birds

Mallard [974] Species or species habitat
likely to occur within area

Anas platyrhynchos

Rock Pigeon, Rock Dove, Domestic Pigeon [803] Species or species habitat
likely to occur within area

Columba livia

Laughing Turtle-dove, Laughing Dove [781] Species or species habitat
likely to occur within area

Streptopelia senegalensis

Mammals

Domestic Dog [82654] Species or species habitat
likely to occur within area

Canis lupus  familiaris

Cat, House Cat, Domestic Cat [19] Species or species habitat
likely to occur within area

Felis catus



Name Status Type of Presence

House Mouse [120] Species or species habitat
likely to occur within area

Mus musculus

Rabbit, European Rabbit [128] Species or species habitat
likely to occur within area

Oryctolagus cuniculus

Red Fox, Fox [18] Species or species habitat
likely to occur within area

Vulpes vulpes

Plants

Bridal Creeper, Bridal Veil Creeper, Smilax, Florist's
Smilax, Smilax Asparagus [22473]

Species or species habitat
likely to occur within area

Asparagus asparagoides

Para Grass [5879] Species or species habitat
may occur within area

Brachiaria mutica

Buffel-grass, Black Buffel-grass [20213] Species or species habitat
may occur within area

Cenchrus ciliaris

Bitou Bush, Boneseed [18983] Species or species habitat
may occur within area

Chrysanthemoides monilifera

Broom [67538] Species or species habitat
may occur within area

Genista sp. X Genista monspessulana

Olive, Common Olive [9160] Species or species habitat
may occur within area

Olea europaea

Radiata Pine Monterey Pine, Insignis Pine, Wilding
Pine [20780]

Species or species habitat
may occur within area

Pinus radiata

Blackberry, European Blackberry [68406] Species or species habitat
likely to occur within area

Rubus fruticosus aggregate

Key Ecological Features are the parts of the marine ecosystem that are considered to be important for the
biodiversity or ecosystem functioning and integrity of the Commonwealth Marine Area.

Key Ecological Features (Marine) [ Resource Information ]

Name Region
Commonwealth marine environment within and South-west
Western rock lobster South-west



- non-threatened seabirds which have only been mapped for recorded breeding sites

- migratory species that are very widespread, vagrant, or only occur in small numbers

- some species and ecological communities that have only recently been listed

Not all species listed under the EPBC Act have been mapped (see below) and therefore a report is a general guide only. Where available data
supports mapping, the type of presence that can be determined from the data is indicated in general terms. People using this information in making
a referral may need to consider the qualifications below and may need to seek and consider other information sources.

For threatened ecological communities where the distribution is well known, maps are derived from recovery plans, State vegetation maps, remote
sensing imagery and other sources. Where threatened ecological community distributions are less well known, existing vegetation maps and point
location data are used to produce indicative distribution maps.

- seals which have only been mapped for breeding sites near the Australian continent

Such breeding sites may be important for the protection of the Commonwealth Marine environment.

Threatened, migratory and marine species distributions have been derived through a variety of methods.  Where distributions are well known and if
time permits, maps are derived using either thematic spatial data (i.e. vegetation, soils, geology, elevation, aspect, terrain, etc) together with point
locations and described habitat; or environmental modelling (MAXENT or BIOCLIM habitat modelling) using point locations and environmental data
layers.

The information presented in this report has been provided by a range of data sources as acknowledged at the end of the report.
Caveat

- migratory and

The following species and ecological communities have not been mapped and do not appear in reports produced from this database:

- marine

This report is designed to assist in identifying the locations of places which may be relevant in determining obligations under the Environment
Protection and Biodiversity Conservation Act 1999. It holds mapped locations of World and National Heritage properties, Wetlands of International
and National Importance, Commonwealth and State/Territory reserves, listed threatened, migratory and marine species and listed threatened
ecological communities. Mapping of Commonwealth land is not complete at this stage. Maps have been collated from a range of sources at various
resolutions.

- threatened species listed as extinct or considered as vagrants

- some terrestrial species that overfly the Commonwealth marine area

The following groups have been mapped, but may not cover the complete distribution of the species:

Only selected species covered by the following provisions of the EPBC Act have been mapped:

Where very little information is available for species or large number of maps are required in a short time-frame, maps are derived either from 0.04
or 0.02 decimal degree cells; by an automated process using polygon capture techniques (static two kilometre grid cells, alpha-hull and convex hull);
or captured manually or by using topographic features (national park boundaries, islands, etc).  In the early stages of the distribution mapping
process (1999-early 2000s) distributions were defined by degree blocks, 100K or 250K map sheets to rapidly create distribution maps. More reliable
distribution mapping methods are used to update these distributions as time permits.

-30.83877 115.17563,-30.8389 115.22323,-30.93663 115.28756,-30.96069 115.26372,-30.83877 115.17563
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EPBC Likelihood Assessment 

A desktop review for protected species and communities was conducted by a search of the 
Department of Agriculture, Water and the Environment (DAWE) Environment Protection and 

Biodiversity Conservation Act 1999 (EPBC Act) Protected Matters database (18 February 2020) 
(Department of Agriculture, Water and the Environment, n.d.) to identify EPBC-listed species and 
communities potentially occurring within a 10 km buffer of the proposed Operational Envelopes at 
Lancelin and Swanbourne. It should be noted that the 10 km search buffer prescribed under Defence 
guidelines is likely to have returned a large number of listings that are onshore and/or some distance 
from the site and unlikely to be impacted by the works. 

The likelihood of these species to occur in the immediate vicinity of the marine environment at both 
training ranges was assessed based on knowledge of the species distribution and habitat 
preferences, BIAs, records of occurrences, and the type and condition of existing habitat, using 
available information from: 

◼ Benthic habitat mapping undertaken for the Proposal (EOMAP, 2019) 

◼ DAWE’s Species Profile and Threats Database  (Department of Agriculture, Water and the 
Environment, n.d.); with species-specific conservation advice and guidance materials 

◼ Australian Museum’s Animal Factsheets (Australian Museum, n.d.) 

◼ Atlas of Living Australia (ALA) database (CSIRO, n.d.) 

◼ National Conservation Values Atlas (DoEE, 2015) 

◼ NatureMap database (DBCA, 2019) 

◼ Birdlife Australia database (Birdlife Australia, n.d.) 

Likelihood was assessed as:  

◼ Known: species has been positively identified by a qualified ecologist as occurring at the site; 

◼ Likely: species has recent records (within last five years) in proximity to the site (surveys or 
databases) and suitable habitat is present. 

◼ Possible: suitable habitat is present at the site, but there are no recent records of the species 
occurring, or there are recent records however the habitat is not preferred. 

◼ Unlikely: lack of suitable habitat and no recorded occurrences in proximity to the site. 

◼ None: habitat is not present in the marine environment (e.g. strictly terrestrial species and 
communities). 

In the tables below are likelihood assessments for: 

◼ Birds (Table 1, page 2) 

◼ Mammals (Table 2, page 15) 

◼ Reptiles (Table 3, page 18) 

◼ Fish (Table 4, page 20) 

◼ Insects (Table 5, page 24) 

◼ Plants (Table 6, page 25) 

◼ Threatened Ecological Communities (TECs) (Table 7, page 26)
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Table 1.  Birds potentially occurring within 10 km of the Swanbourne and Lancelin Operational Envelopes 

BIRDS Current Scientific 
Name 

EPBC Listing Other Listing PMST Indicative Presence Nexus to the Action 

Common 
Name 

T
h

re
a

te
n

e
d

 

M
ig

ra
to

ry
 

M
a

ri
n

e
 BC 

Act 
IUCN Swanbourne Lancelin Swanbourne Lancelin 

Common 
Sandpiper  

Actitis hypoleucos   ■ ■ MI LC Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
known to 
occur within 
area 

Unlikely. Found along all coastlines of Australia and in many areas 
inland, the Common Sandpiper is widespread in small numbers. 
Forages in shallow water and mud at wetland edges and is not 
expected to be over the open water ocean with great frequency. 

Common 
Noddy  

Anous stolidus   ■ ■ MI LC Species or 
species habitat 
likely to occur 
within area 

Species or 
species habitat 
likely to occur 
within area 

Possible. Occurs in groups throughout the pelagic zone (open 
ocean) throughout the central WA coast from Perth north. Closest 
BIA is foraging habitat approximately 14 km off Lancelin (offshore 
from Lancelin Island, which has a small breeding colony of 1300 
pairs). Foraging is mainly offshore (seldom observed close to 
shore). 

Australian 
Lesser Noddy  

Anous tenuirostris 
melanops 

VU   ■ EN - Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Possible. Breeds on the Houtman Abrolhos Islands, and during 
non-breeding periods tend to remain near breeding sites, although 
have been observed hundreds of kilometres over the open ocean. 
Closest BIA is the Houtman Abrolhos Islands. 

Fork-tailed 
Swift  

Apus pacificus   ■ ■ MI LC Species or 
species habitat 
likely to occur 
within area 

Species or 
species habitat 
likely to occur 
within area 

Unlikely. Mostly occurs over inland areas, and occasionally in 
coastal areas. The Fork-tailed Swift is almost exclusively aerial. 

Cattle Egret  Ardea ibis     ■ - LC Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Unlikely. WA breeding colonies mainly in the North West of the Top 
End. Forages away from water on low lying grasslands, improved 
pastures and croplands. 

Eastern Great 
Egret  

Ardea modesta 

(Listed ‘Marine’ as 
Ardea alba) 

    ■ - - Breeding known 
to occur within 
area 

Species or 
species habitat 
likely to occur 
within area 

Unlikely. Great Egrets is widespread, found in a wide range of 
wetland habitats (inland and coastal, freshwater and saline) 
including estuarine mudflats, coastal lagoons, salt lakes and 
offshore reefs. Forages in shallow water and is not expected to be 
over the open water ocean with great frequency. 

Flesh-footed 
Shearwater, 
Fleshy-footed 
Shearwater  

Ardenna carneipes 

(Listed ‘Marine’ as 
Puffinus carneipes) 

  ■ ■ VU NT Foraging, feeding 
or related 
behaviour likely 
to occur within 
area 

Foraging, 
feeding or 
related 
behaviour 
likely to occur 
within area 

Likely. Flesh-footed Shearwaters breed on islands off south-
western WA and forage almost entirely at sea, 1-150 km offshore. A 
pre-migration aggregation BIA occurs approximately 6 km 
southwest of the Swanbourne gazetted waters.  
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Wedge-tailed 
Shearwater  

Ardenna pacifica 

(Listed ‘Marine’ as 
Puffinus pacificus) 

  ■ ■ MI LC NA Breeding 
known to 
occur within 
area 

Possible. WA breeding populations in the islands of Jurien Bay, 
North West Shelf, Houtman Abrolhos islands, and Rottnest Island. 
The Wedge-tailed Shearwater is pelagic, generally foraging 10 – 
300 km offshore and diving 2-3 m into the ocean. A foraging BIA 
extends from Dunsborough past Kalbarri, however there are there 
are no recent records within 5 km of the UTRs on NatureMap or 
ALA. 
 

Ruddy 
Turnstone 

Arenaria interpres   ■ ■ MI LC Roosting known 
to occur within 
area 

NA Unlikely. Small distribution south 
of Perth; known in greater 
numbers from Pilbara and 
Kimberley. The Ruddy Turnstone 
forages along the foreshore and 
does not breed in Australia. 

NA 

Australasian 
Bittern 

Botaurus 
poiciloptilus 

EN     EN EN Species or 
species habitat 
known to occur 
within area 

NA Unlikely. Suitable habitat not 
present. Species occurs mainly in 
freshwater wetlands, and, rarely, 
in estuaries or tidal wetlands. 

NA 

Sharp-tailed 
Sandpiper  

Calidris acuminata   ■ ■ MI LC Roosting known 
to occur within 
area 

Species or 
species habitat 
may occur 
within area 

Unlikely. Prefers muddy edges of shallow fresh or brackish 
wetlands, with inundated or emergent sedges, grass, saltmarsh or 
other low vegetation. 

Sanderling Calidris alba   ■ ■ MI LC Roosting known 
to occur within 
area 

NA Unlikely. Usually found on the 
coast on open sandy beaches 
exposed to open sea-swell, mostly 
on open sandy beaches exposed 
to open sea-swell, and also on 
exposed sandbars, where they 
forage in the wave-wash zone (not 
in open water where UTRs are 
located). 

NA 

Red Knot, 
Knot 

Calidris canutus EN ■ ■ EN NT Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
known to 
occur within 
area 

Unlikely. Mainly inhabits intertidal mudflats, sandflats and sandy 
beaches of sheltered coasts and estuaries; sometimes sandy ocean 
beaches or coral reefs; occasionally on coastal saline wetlands. 
Forages in soft substrates exposed by low tide. 
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Curlew 
Sandpiper 

Calidris ferruginea CR ■ ■ CR NT Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
likely to occur 
within area 

Unlikely. Mainly occur on intertidal mudflats in sheltered coastal 
areas such as estuaries, and also coastal non-tidal swamps, both 
fresh and brackish waters. Forages in bare mud at the waters edge 
or in shallow water. 

Pectoral 
Sandpiper  

Calidris melanotos   ■ ■ MI LC Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
may occur 
within area 

Unlikely. Prefers shallow fresh to saline wetlands (coastal lagoons, 
estuaries, swamps, lakes, creeks, floodplains and artificial 
wetlands). Species is rarely recorded in WA.  

Red-necked 
Stint 

Calidris ruficollis   ■ ■ MI NT Roosting known 
to occur within 
area 

NA Unlikely. Coastal areas, including 
in sheltered inlets, bays, lagoons 
and estuaries with intertidal 
mudflats, often near spits, islets 
and banks and, sometimes, on 
protected sandy or coralline 
shores. 

NA 

Great Knot  Calidris tenuirostris CR ■ ■ CR EN Roosting known 
to occur within 
area 

NA Unlikely. Inhabits intertidal 
mudflats and sandflats in 
sheltered coasts, including bays 
harbours and estuaries. Forage 
on intertidal flats and at the 
water’s edge. 

NA 

Forest Red-
tailed Black-
Cockatoo, 
Karrak 

Calyptorhynchus 
banksii naso 

VU     VU - Species or 
species habitat 
known to occur 
within area 

NA None. Suitable habitat not present 
in the marine environment. 

NA 

Carnaby's 
Cockatoo, 
Short-billed 
Black-
Cockatoo 

Calyptorhynchus 
latirostris 

EN     EN EN Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
known to 
occur within 
area 

None. Suitable habitat not present in the marine environment. 

Great Skua Catharacta skua     ■ - LC Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Unlikely. Disperses widely over southern oceans. Rare foraging 
visitor to WA coastline, with known foraging records from Houtman 
Abrolhos Islands and other offshore islands 
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Double-
banded 
Plover   

Charadrius 
bicinctus 

  ■ ■ MI LC Roosting known 
to occur within 
area 

NA Unlikely. Found on littoral, 
estuarine and fresh or saline 
terrestrial wetlands and also 
saltmarsh, grasslands and 
pasture. Sometimes found on 
coastal dunes or exposed 
seagrass beds. 

NA 

Greater Sand 
Plover, Large 
Sand Plover  

Charadrius 
leschenaultii 

VU ■ ■ VU LC Roosting known 
to occur within 
area 

NA Possible. Mainly occur on 
sheltered beaches with large 
intertidal mudflats or sandbanks, 
lagoons and inshore reefs, rock 
platforms, and sand cays on coral 
reefs. Usually feed from the 
surface of wet sand or mud on 
open intertidal flats.  

NA 

Lesser Sand 
Plover, 
Mongolian 
Plover  

Charadrius 
mongolus 

EN ■ ■ EN LC Roosting known 
to occur within 
area 

NA Possible. Forages mostly on 
exposed areas of intertidal 
sandflats and mudflats in 
estuaries or beaches, or in 
shallow ponds in saltworks; 
occasionally on coral reefs and on 
sandy or muddy river margins. 

NA 

Red-capped 
Plover 

Charadrius 
ruficapillus 

    ■ - LC Roosting known 
to occur within 
area 

NA Possible. Forages in sheltered 
coasts with reefs and rock 
platforms or with intertidal 
mudflats. 

NA 

Amsterdam 
Albatross  

Diomedea 
amsterdamensis 

EN ■ ■ CR EN Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Possible. Disperses widely over southern oceans and is a common 
foraging visitor to WA coastline. 

Tristan 
Albatross  

Diomedea 
dabbenena 

EN ■ ■ CR CR Species or 
species habitat 
may occur within 
area 

NA Unlikely. Sleeps and rests on 
ocean waters along the southwest 
Australia coast south of Perth. 

NA 
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Southern 
Royal 
Albatross  

Diomedea 
epomophora 

VU ■ ■ VU VU Foraging, feeding 
or related 
behaviour likely 
to occur within 
area 

Foraging, 
feeding or 
related 
behaviour 
likely to occur 
within area 

Possible. Rare foraging visitor to offshore southwest WA waters 
outside of breeding season. 

Wandering 
Albatross  

Diomedea exulans VU ■ ■ VU VU Foraging, feeding 
or related 
behaviour likely 
to occur within 
area 

Foraging, 
feeding or 
related 
behaviour 
likely to occur 
within area 

Possible Rare visitor north to Houtman Abrolhos Islands in offshore 
waters. 

Northern 
Royal 
Albatross  

Diomedea sanfordi EN ■ ■ EN EN Foraging, feeding 
or related 
behaviour likely 
to occur within 
area 

Foraging, 
feeding or 
related 
behaviour 
likely to occur 
within area 

Possible. Rare foraging visitor to offshore southwest WA waters 
outside of breeding season. 

Swinhoe's 
Snipe 

Gallinago megala   ■ ■ MI LC Roosting likely to 
occur within area 

NA Unlikely. Swinhoe’s Snipe is 
found at the edges of fresh and 
brackish wetlands, such as wet 
paddy fields, swamps and 
freshwater streams. It has few 
records in Australia, but has been 
recorded from northwest WA. 

NA 

Pin-tailed 
Snipe 

Gallinago stenura   ■ ■ MI LC Roosting likely to 
occur within area 

NA Unlikely. Found at edges of 
shallow freshwater swamps, 
ponds and lakes with emergent, 
sparse to dense cover of 
grass/sedge or other vegetation.  

NA 

White-bellied 
Sea-Eagle 

Haliaeetus 
leucogaster 

    ■ - LC Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
likely to occur 
within area 

Possible.  Likely. 

Coastal habitats (especially those close to the sea-shore) and 
around terrestrial wetlands in tropical and temperate regions of 
mainland Australia and its offshore islands. Generally forages over 
open waters rather than terrestrial habitats. 
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Blue Petrel  Halobaena 
caerulea 

VU   ■ - LC Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Possible. Rare foraging visitor to offshore southwest WA waters 
outside of breeding season. 

Pied Stilt, 
Black-winged 
Stilt  

Himantopus 
himantopus 

    ■ - LC Roosting known 
to occur within 
area 

NA Unlikely. Forages by wading in 
water up to belly deep, but also 
feed along the muddy margins of 
coastal and inland wetlands. 

NA 

Caspian Tern  Hydroprogne 
caspia 

(Listed ‘Marine’ as 
Sterna caspia) 

  ■ ■ MI LC Foraging, feeding 
or related 
behaviour known 
to occur within 
area 

Breeding 
known to 
occur within 
area 

Likely. Widespread in coastal regions, in extensive wetlands, on 
coastal and interior beaches and sheltered estuaries. In offshore 
areas the Caspian Tern prefers sheltered areas near islands. 
Breeding occurs from the Recherche Archipelago to Shark Bay, 
sometimes the Kimberley. A foraging (provisioning young) BIA 
extends from south of Mandurah to Kalbarri. Typically forages over 
water, diving for fish.  

Silver Gull  Larus 
novaehollandiae 

    ■ - LC NA Breeding 
known to 
occur within 
area 

- Possible. Common 
throughout Australia and found 
at virtually any watered 
habitat, but seldom venture far 
out to sea. 

Pacific Gull  Larus pacificus     ■ - LC Foraging, feeding 
or related 
behaviour may 
occur within area 

Breeding 
known to 
occur within 
area 

Possible. Occurs primarily along the coasts of southern Australia. 
Despite its name, the species is seldom seen on the Pacific 
coastline. Breeds in colonies on islands, extending from the 
Furneaux Group in eastern Bass Strait, west to Shark Bay in WA. 
Forages mainly on sandy beaches. A foraging BIA extends from 
Point Quobba to Wedge Island. 

Malleefowl Leipoa ocellata VU     VU VU Species or 
species habitat 
likely to occur 
within area 

Species or 
species habitat 
likely to occur 
within area 

None. Suitable habitat is not present in the marine environment. 

Bar-tailed 
Godwit  

Limosa lapponica   ■ ■ MI NT Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
known to 
occur within 
area 

Possible. Widespread around the WA coast, from Eyre to Derby. 
Forages near the edge of water or in shallow water, mainly in tidal 
estuaries and harbours. 
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Bar-tailed 
Godwit 
(baueri), 
Western 
Alaskan Bar-
tailed Godwit 

Limosa lapponica 
baueri 

VU ■ ■ VU & 
MI 

- Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
may occur 
within area 

Possible. Widespread around the WA coast, from Eyre to Derby. 
Forages near the edge of water or in shallow water, mainly in tidal 
estuaries and harbours. 

Northern 
Siberian Bar-
tailed Godwit, 
Bar-tailed 
Godwit 
(menzbieri)  

Limosa lapponica 
menzbieri 

CR ■ ■ CR & 
MI 

- Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Possible. Widespread around the WA coast, from Eyre to Derby. 
Forages near the edge of water or in shallow water, mainly in tidal 
estuaries and harbours. 

Black-tailed 
Godwit  

Limosa limosa   ■ ■ MI NT Roosting known 
to occur within 
area 

NA Unlikely. Primarily coastal habitat 
environment, commonly found in 
sheltered bays, estuaries and 
lagoons on intertidal mudflats or 
sandflats; occasionally recorded 
on rocky coasts. Forages on 
intertidal flats and occasionally in 
shallow estuaries. 

 

Southern 
Giant-Petrel, 
Southern 
Giant Petrel  

Macronectes 
giganteus 

EN ■ ■ MI LC Species or 
species habitat 
may occur within 
area  

Species or 
species habitat 
may occur 
within area 

Unlikely. Disperses widely over southern oceans for foraging. 

Northern 
Giant Petrel  

Macronectes halli VU ■ ■ MI LC Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Unlikely. Disperses widely over southern oceans for foraging. 

Rainbow Bee-
eater  

Merops ornatus     ■ - LC Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Unlikely. Suitable habitat is not present in the marine environment. 
Species is known from Rottnest Island and may in rare occurrences 
be found at Swanbourne 

Grey Wagtail Motacilla cinerea   ■ ■ MI LC Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

None. Suitable habitat is not present in the marine environment. 
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Eastern 
Curlew, Far 
Eastern 
Curlew 

Numenius 
madagascariensis 

CR ■ ■ CR EN Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
may occur 
within area 

Unlikely. Patchily distributed in southwest WA. During the non-
breeding season in Australia, the Eastern Curlew is most commonly 
associated with sheltered coasts, especially estuaries, bays, 
harbours, inlets and coastal lagoons, with large intertidal mudflats or 
sandflats, not oceans beaches similar to UTR sites 

Little Curlew, 
Little 
Whimbrel  

Numenius minutus   ■ ■ MI LC Roosting likely to 
occur within area 

NA Unlikely. Found on short, dry 
grassland and sedgeland and dry 
floodplains, which have shallow 
freshwater pools or areas 
seasonally inundated. 

 

Whimbrel  Numenius 
phaeopus 

  ■ ■ MI LC Roosting known 
to occur within 
area 

NA Unlikely. Found on intertidal 
mudflats of sheltered coasts, as 
well as harbours, lagoons and 
estuaries and open, unvegetated 
mudflats. Occasionally found on 
sandy or rocky beaches, on coral 
or rocky islets, or on exposed 
intertidal reefs and platforms. 

 

Bridled Tern  Onychoprion 
anaethetus 

(Listed ‘Marine’ as 
Sterna anaethetus) 

  ■ ■ MI LC Foraging, feeding 
or related 
behaviour likely 
to occur within 
area 

Breeding 
known to 
occur within 
area 

Possible. Occupies tropical and subtropical seas but are rarely 
found along mainland coastlines. Breeding is widespread on 
offshore islands off Cape Leeuwin north to Shark Bay and in the 
Pilbara region. Mainly forages offshore over the mid and outer 
continental shelf, surface-dipping for fish. 

Fairy Prion  Pachyptila turtur     ■ - LC Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
likely to occur 
within area 

Unlikely. Breeds on offshore islands of Tas and Vic, New Zealand 
and southern Indian Ocean, ranging to SA and south WA for 
foraging. 

Fairy Prion 
(southern)  

Pachyptila turtur 
subantarctica 

VU   ■ - - Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
likely to occur 
within area 

Unlikely. Breeds on offshore islands of Tas and Vic, New Zealand 
and southern Indian Ocean, ranging to SA and south WA for 
foraging. 

Osprey Pandion cristatus 

(Listed ‘Marine’ 
and ‘Migratory’ as 
Pandion haliaetus) 

  ■ ■ MI LC Breeding known 
to occur within 
area 

Breeding 
known to 
occur within 
area 

Likely. Occur in littoral and coastal habitats and terrestrial wetlands 
of tropical and temperate Australia and offshore islands. They 
require extensive areas of open, fresh, brackish or saline water to 
forage for fish, occasionally diving to a depth of 1 m. 
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White-faced 
Storm-Petrel  

Pelagodroma 
marina 

    ■ - LC NA Breeding 
known to 
occur within 
area 

NA Unlikely. Strictly pelagic 
outside the breeding season 
and breeds on remote islands. 

Red-necked 
Phalarope  

Phalaropus lobatus   ■ ■ MI LC Roosting known 
to occur within 
area 

NA Unlikely. In Australia it is 
recorded at both inland and 
coastal lakes/swamps, including 
highly saline waters and artificial 
wetlands notably saltfields. 
In WA, the Red-necked Phalarope 
species is a regular at Rottnest 
Island and the Port Hedland 
Saltworks.  

 

Sooty 
Albatross  

Phoebetria fusca VU ■ ■ EN EN Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Unlikely. Disperses widely over southern oceans for foraging. Is a 
common foraging visitor to the SA coastline. 

Pacific 
Golden Plover  

Pluvialis fulva   ■ ■ MI LC Roosting known 
to occur within 
area 

NA Unlikely. Seldom recorded along 
the southern or south-western 
coasts of WA. Habitat includes 
beaches, mudflats and sandflats 
(sometimes in low vegetation) in 
sheltered areas including 
harbours, estuaries and lagoons. 
Sometimes recorded on islands, 
rocky shores or reef.  

 

Grey Plover  Pluvialis squatarola   ■ ■ MI LC Roosting known 
to occur within 
area 

NA Unlikely. Sparse use of the coast 
of WA between Albany and the 
northern Kimberley coast. Usually 
inhabits sheltered embayments, 
estuaries and lagoons with 
mudflats and sandflats, and 
occasionally on rocky coasts with 
reef-flats, or on reefs within 
muddy lagoons, but also occur 
around terrestrial wetlands. 
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Great-winged 
Petrel  

Pterodroma 
macroptera 

    ■ - LC NA Foraging, 
feeding or 
related 
behaviour 
known to 
occur within 
area 

NA Unlikely. Disperses widely 
over SA and southwest WA. 
Breeds on offshore island and 
forages in open ocean. 

Soft-
plumaged 
Petrel  

Pterodroma mollis VU   ■ - LC Species or 
species habitat 
may occur within 
area  

Foraging, 
feeding or 
related 
behaviour 
known to 
occur within 
area 

Possible. Disperses widely over southern oceans and is a common 
foraging visitor to WA coastline, taking food by surface-seizing. 

Little 
Shearwater  

Puffinus assimilis     ■ - LC Foraging, feeding 
or related 
behaviour known 
to occur within 
area 

Foraging, 
feeding or 
related 
behaviour 
known to 
occur within 
area 

Possible. Disperses widely over southern oceans of Australia from 
NSW to southwest WA. Breeds on offshore island and forages in 
open ocean, 4-200 km offshore. A foraging BIA extends from 
Kalbarri to Eucla. 

Red-necked 
Avocet  

Recurvirostra 
novaehollandiae 

    ■ - LC Roosting known 
to occur within 
area 

NA Unlikely. Found throughout 
mainland Australia in shallow 
wetland areas that are either fresh 
or salt, or on estuarine mudflats. 

NA 

Australian 
Painted-
snipe, 
Australian 
Painted Snipe 

Rostratula australis 

(Listed ‘Marine’ as 
Rostratula 
benghalensis 
(sensu lato)) 

EN    ■ EN EN Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
likely to occur 
within area 

Unlikely. Generally inhabits shallow terrestrial freshwater 
(occasionally brackish) wetlands, including temporary and 
permanent lakes, swamps and claypans. 

Roseate Tern  Sterna dougallii   ■ ■ MI LC Foraging, feeding 
or related 
behaviour likely 
to occur within 
area 

Breeding 
known to 
occur within 
area 

Likely. Regularly recorded north from Mandurah to around Eighty 
Mile Beach. Breeds on islands off coast, foraging in coastal waters 
by dipping for fish. A foraging BIA for offshore and coastal water 
extends from Mandurah north to Dongara. 
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Sooty Tern  Onychoprion 
fuscatus 

    ■ - LC NA Breeding 
known to 
occur within 
area 

NA Possible. Breeding in the 
Houtman Abrolhos, and 
smaller populations breeding 
on Lancelin Island. Forages 
offshore along coastline of WA 
and is highly pelagic outside of 
the breeding season. 

Australian 
Fairy Tern  

Sternula nereis 
nereis 

VU     VU - Foraging, feeding 
or related 
behaviour known 
to occur within 
area 

Foraging, 
feeding or 
related 
behaviour 
known to 
occur within 
area 

Likely. Breeds on offshore islands throughout to north of Broome. 
Foraging mainly in inshore and blue-water seas around islands, 
diving into shallow waters for fish. A foraging BIA for offshore and 
coastal water extends from Bunbury north to Geraldton. 

Indian Yellow-
nosed 
Albatross  

Thalassarche 
carteri 

VU ■ ■ EN EN Foraging, feeding 
or related 
behaviour may 
occur within area 

Foraging, 
feeding or 
related 
behaviour may 
occur within 
area 

Possible. Disperses widely over southern oceans, breeding on 
islands of the southern Indian Ocean. Common foraging visitor to 
WA coastline. 

Tasmanian 
Shy Albatross  

Thalassarche 
cauta 

(Listed 
‘Threatened’ as 
Thalassarche 
cauta cauta) 

VU ■ ■ VU NT Foraging, feeding 
or related 
behaviour likely 
to occur within 
area 

Species or 
species habitat 
may occur 
within area 

Possible. Foraging visitor to offshore southwest WA waters outside 
of breeding season. 

Campbell 
Albatross, 
Campbell 
Black-browed 
Albatross  

Thalassarche 
impavida 

VU ■ ■ VU VU Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Possible. Disperses widely over southern oceans and is a common 
foraging visitor to the WA coastline. 

Black-browed 
Albatross  

Thalassarche 
melanophris 

VU ■ ■ EN LC Species or 
species habitat 
may occur within 
area 

Species or 
species habitat 
may occur 
within area 

Unlikely. Disperses widely over southern oceans for foraging and is 
a common foraging visitor to the SA coastline. 
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Hooded 
Plover  

Thinornis rubricollis     ■ P4 VU Species or 
species habitat 
known to occur 
within area 

NA Unlikely. Non-migratory 
inhabitant of freshwater lakes, 
freshwater marshes, coastal 
saline lagoons, and sandy 
beaches from WA to NSW. 

NA 

White-capped 
Albatross  

Thalassarche 
steadi 

(Listed 
‘Threatened’ as 
Thalassarche 
cauta steadi) 

VU ■ ■ VU NT Foraging, feeding 
or related 
behaviour likely 
to occur within 
area 

Foraging, 
feeding or 
related 
behaviour 
likely to occur 
within area 

Possible. Disperses widely over southern oceans and is a common 
foraging visitor to WA coastline. 

Crested Tern Thalasseus bergii 

(Listed ‘Marine’ as 
Sterna bergii) 

  ■ ■ MI LC NA Breeding 
known to 
occur within 
area 

Likely. Found on most Australian coastlines and breeds in colonies 
on small offshore islands. Forage along open nearshore waters, 
plunge-diving to 1 m for prey. 

Grey-tailed 
Tattler 

Tringa brevipes 

(Listed ‘Marine’ as 
Heteroscelus 
brevipes) 

  ■ ■ MI & 
P4 

NT Roosting known 
to occur within 
area 

NA Possible. Forages in sheltered 
coasts with reefs and rock 
platforms or with intertidal 
mudflats. Also found at intertidal 
rocky, coral or stony reefs and 
exposed platforms and islets. 

NA 

Wood 
Sandpiper  

Tringa glareola   ■ ■ MI LC Species or 
species habitat 
known to occur 
within area 

NA Unlikely. Habitat is well-
vegetated, shallow, freshwater 
wetlands, such as swamps, 
billabongs, lakes, pools and 
waterholes.  

NA 

Common 
Greenshank, 
Greenshank  

Tringa nebularia   ■ ■ MI LC Species or 
species habitat 
known to occur 
within area 

Species or 
species habitat 
likely to occur 
within area 

Possible. Does not breed in Australia, however, the species occurs 
in all types of wetlands and has the widest distribution of any 
shorebird in Australia. 

Marsh 
Sandpiper, 
Little 
Greenshank  

Tringa stagnatilis   ■ ■ MI LC Roosting known 
to occur within 
area 

NA Unlikely. Found in permanent or 
ephemeral wetlands of varying 
salinity, including swamps, 
lagoons, saltpans, saltmarshes, 
estuaries, inundated floodplains, 
and intertidal mudflats. 

NA 
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Common 
Redshank, 
Redshank  

Tringa totanus   ■ ■ MI LC Roosting known 
to occur within 
area 

NA Unlikely. Habitat is sheltered 
coastal wetlands such as bays, 
river estuaries, lagoons, inlets and 
saltmarsh (with bare open flats 
and banks of mud or sand).  

NA 

Terek 
Sandpiper   

Xenus cinereus   ■ ■ MI LC Roosting known 
to occur within 
area 

NA Unlikely. Forages in the open, on 
soft wet intertidal mudflats or in 
sheltered estuaries, embayments, 
harbours or lagoons.  

NA 
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Cetaceans 

Bryde's Whale  Balaenoptera 
edeni 

  ■   ■ - LC Species or species 
habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Unlikely. Past records from the Houtman Abrolhos 
Islands, but no recent occurrence data in area. 

Blue Whale  Balaenoptera 
musculus 

EN ■   ■ EN EN Species or species 
habitat likely to 
occur within area 

Foraging, feeding or 
related behaviour 
known to occur 
within area 

Unlikely. Most sightings of blue whales in Australian 
waters are of the Pygmy Blue Whale, typically found north 
of 55°S. Much of the continental shelf and coastal waters 
are of no particular significance and are used for 
migration and opportunistic feeding. A significant feeding 
and aggregation area is the Perth Canyon, with numbers 
peaking from March to May.  

Pygmy Right 
Whale  

Caperea 
marginata 

  ■   ■ - LC Species or species 
habitat may occur 
within area 

NA Unlikely. Possibly feed 
in areas of upwelling 
around Kangaroo Island, 
southern Eyre Peninsula 
and possibly 
southwestern WA. 

NA 

Humpback 
Whale  

Megaptera 
novaeangliae 

VU ■   ■ CD LC Species or species 
habitat known to 
occur within area 

Species or species 
habitat known to 
occur within area 

Possible. Both UTRs intersect a migration BIA. The 
migration pathway for the western population is generally 
within 200 km of shore with whales found well offshore 
during the northern migration (peak mid-June to mid-July) 
and close inshore during the southern migration (peak 
late September to mid-October). Some migratory staging 
point, socialising, resting and low levels of calving 
observed within 10 km of the coast. 

Killer Whale, 
Orca 

Orcinus orca   ■   ■ - DD Species or species 
habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Unlikely. Species is cosmopolitan and able to inhabit all 
oceans, although off the Australian coast they are most 
often seen along the continental slope and shelf, 
particularly near seal colonies. 

Minke Whale  Balaenoptera 
acutorostrata 

      ■ - LC Species or species 
habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Unlikely. Generally oceanic but not restricted to deeper 
water, and has been recorded close to the coast. 
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Common 
Dolphin, Short-
beaked 
Common 
Dolphin 

Delphinus 
delphis 

      ■ - LC Species or species 
habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. In Australia, species is found in offshore 
waters, however their specific range and population size 
is unknown. In most areas, they appear to mainly occur in 
medium water depths over the continental shelf. 
Considered neritic, pelagic and oceanic. 

Southern Right 
Whale 

Eubalaena 
australis 

(Listed 
‘Migratory’ as 
Balaena 
glacialis 
australis)  

EN ■   ■ VU LC Breeding known to 
occur within area 

Species or species 
habitat likely to occur 
within area 

Unlikely. Feed in the Southern Ocean over summer and 
migrate to calve and breed in warmer coastal waters. 
There is a calving BIA, composed of a 1.5 km coastline 
buffer running from Two Rocks (WA) to Kangaroo Island 
(SA), however generally aggregate off the southern coast. 
Perth represents the northern extent of the core range. 

Risso's 
Dolphin, 
Grampus 

Grampus 
griseus 

      ■ - LC Species or species 
habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Primarily found in pelagic oceanic waters, 
however has been sighted both inshore and well offshore 
and is frequently seen over the continental slope. Prefers 
warm temperate to tropical waters with temperature range 
of 15°–30°C. Recorded from south-western WA. 

Spotted 
Dolphin, 
Pantropical 
Spotted 
Dolphin  

Stenella 
attenuata 

      ■ - LC Species or species 
habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Species inhabits near-shore and oceanic 
habitats in tropical waters, and occasionally temperate 
waters but prefers temperatures above 22°C. Generally 
deeper than 200 m, but also found on the continental 
shelf and the continental shelf (possibly neritic). 

Indian Ocean 
Bottlenose 
Dolphin, 
Spotted 
Bottlenose 
Dolphin  

Tursiops 
aduncus 

      ■ - DD Species or species 
habitat likely to 
occur within area 

Species or species 
habitat likely to occur 
within area 

Likely. Possible. 

In Australia, species is restricted to inshore areas (bays, 
estuaries), nearshore waters, open coastal areas and 
shallow offshore waters (including coastal areas of 
oceanic islands). 

Bottlenose 
Dolphin  

Tursiops 
truncatus s. str. 

      ■ - - Species or species 
habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Unlikely. Species is found in all temperate and tropical 
waters, both coastal (nearshore and inshore) and 
offshore; however, in Australia it tends to inhabit offshore 
waters. 
 
  



Project number EST04718  File AppE_EPBC Likelihood Assessment.docx, 2020-03-16  Revision 0   17 
 

MAMMALS Current 
Scientific 

Name 

EPBC Listing Other 
Listing 

PMST Indicative Presence  Nexus to the Action 

Common 
Name 

T
h

re
a

te
n

e
d

 

M
ig

ra
to

ry
 

M
a

ri
n

e
 

C
e
ta

c
e

a
n

 BC 
Act 

IUCN Swanbourne Lancelin Swanbourne Lancelin 

Pinnipeds 

Long-nosed 
Fur-seal, New 
Zealand Fur-
seal 

Arctocephalus 
forsteri 

    ■   OS LC Species or species 
habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Unlikely. Colonies occur along the south coast of WA. 
Known to forage adjacent to the coastline throughout the 
year 

Australian Sea-
lion, Australian 
Sea Lion 

Neophoca 
cinerea 

VU   ■   VU EN Species or species 
habitat known to 
occur within area 

Species or species 
habitat likely to occur 
within area 

Possible. The mid coast is home to the largest 
population in WA. Both males and females have a 
foraging BIA extending past Lancelin (encompassing the 
Lancelin gazetted waters), and the male foraging BIA is 
larger, extending from Geraldton south to Garden Island 
(encompassing the Swanbourne gazetted waters). 

Terrestrial mammals 

Woylie  Bettongia 
penicillata 
ogilbyi 

EN       CR - Species or species 
habitat may occur 
within area 

NA None. Suitable habitat is not present in the marine 
environment.  

Chuditch, 
Western Quoll 

Dasyurus 
geoffroii 

VU       VU NT Species or species 
habitat may occur 
within area 

Species or species 
habitat likely to occur 
within area 

Western 
Ringtail 
Possum, 
Ngwayir, 
Womp, Woder, 
Ngoor, 
Ngoolangit  

Pseudocheirus 
occidentalis 

CR       CR CR Species or species 
habitat likely to 
occur within area 

NA 
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Turtles 

Loggerhead 
Turtle  

Caretta 
caretta 

EN ■ ■ EN VU Foraging, feeding or related 
behaviour known to occur 
within area 

Foraging, feeding or 
related behaviour 
known to occur 
within area 

Possible. Potential foraging habitats are present at 
both UTRs. Larger turtles (carapace exceeding 
70 cm) settle in coastal, benthic habitats (hard-and 
soft-substrates, including sand flats, reef and 
seagrass meadows), where they feed largely on 
benthic invertebrates and demonstrate fidelity to 
foraging areas. Small turtles are a less likely 
occurrence given their pelagic early life stages. 
There are no BIAs in the SWMR. 

Green Turtle  Chelonia 
mydas 

VU ■ ■ VU EN Foraging, feeding or related 
behaviour known to occur 
within area 

Foraging, feeding or 
related behaviour 
known to occur 
within area 

Possible. Potential foraging habitats are present at 
both UTRs. Larger turtles (carapace 30-40 cm) settle 
in shallow benthic foraging habitats, feeding mostly 
on seagrass and algal mats. Small turtles are a less 
likely occurrence given their pelagic early life stages. 
There are no BIAs in the SWMR. 

Leatherback 
Turtle, Leathery 
Turtle, Luth  

Dermochelys 
coriacea 

EN ■ ■ VU VU Foraging, feeding or related 
behaviour known to occur 
within area 

Foraging, feeding or 
related behaviour 
known to occur 
within area 

Possible. While Leatherbacks are predominantly 
pelagic, their distribution is influenced by their 
jellyfish prey and so they are found both in the open 
ocean and close to shore. There are no BIAs in the 
SWMR. 

Flatback Turtle  Natator 
depressus 

VU ■ ■ VU DD Foraging, feeding or related 
behaviour known to occur 
within area 

Foraging, feeding or 
related behaviour 
known to occur 
within area 

Unlikely. Species lives in the shallow, soft-bottomed 
tropical and subtropical waters of the Australian 
continental shelf and are considered to occur 
infrequently in the south-west marine region. There 
are no BIAs in the SWMR. 

Seasnakes 

Shark Bay 
Seasnake  

Aipysurus 
pooleorum 

    ■ - - Species or species habitat may 
occur within area 

Species or species 
habitat may occur 
within area 

Unlikely. Occupies shallow embayments of Shark 
Bay in the vicinity of limestone reefs and adjacent 
rocky and sandy seafloor. Distribution is restricted to 
the mid-west coast of WA, especially Shark Bay. 
Isolated specimens have been found further south 
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Spectacled 
Seasnake 

Disteira 
kingii 

(IUCN listed 
as Hydrophis 
kingii) 

    ■ - LC Species or species habitat may 
occur within area 

Species or species 
habitat may occur 
within area 

Unlikely. Distribution between Safety Bay in WA and 
across the northern coastline of Australia down to 
Moreton Bay in Queensland. Most frequently found 
in water deeper than 20 m. 

Yellow-bellied 
Seasnake 

Pelamis 
platurus 

    ■ - LC Species or species habitat may 
occur within area 

Species or species 
habitat may occur 
within area 

Possible. Species is pelagic and usually found 
within a few kilometres of the coast, preferring 
shallow inshore waters between 11.7–36°C; however 
also found in open water away from coasts and 
reefs. 

Terrestrial reptiles 

Lancelin Island 
Skink 

Ctenotus 
lancelini 

VU     VU CR NA Species or species 
habitat known to 
occur within area 

NA None. Suitable habitat is 
not present in the marine 
environment.  
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Syngnathids (seahorses, seadragons and pipefish) 

Southern Pygmy 
Pipehorse  

Acentronura 
australe 

  
■ - DD Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
reef and seagrass meadow habitat (outside of Proposed 
Training Footprint areas). 

Gale's Pipefish  Campichthys 
galei 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
rubble substrate and seagrass meadow habitat (outside of 
Proposed Training Footprint areas). 

Pig-snouted 
Pipefish  

Choeroichthys 
suillus 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
reef habitat (outside of Proposed Training Footprint areas). 

Brock's Pipefish  Halicampus 
brocki 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
reef habitat (outside of Proposed Training Footprint areas). 

Upside-down 
Pipefish, Eastern 
Upside-down 
Pipefish 

Heraldia 
nocturna 

  
■ - LC Species or species 

habitat may occur 
within area 

NA Possible. Potential resident 
throughout year. Known from 
reef habitat (outside of 
Proposed Training Footprint 
areas). 

NA 

Western Spiny 
Seahorse, 
Narrow-bellied 
Seahorse  

Hippocampus 
angustus 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
reef habitat (outside of Proposed Training Footprint areas). 

Short-head 
Seahorse, Short-
snouted Seahorse  

Hippocampus 
breviceps 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
reef and edges of seagrass meadow habitat (outside of 
Proposed Training Footprint areas). 

West Australian 
Seahorse  

Hippocampus 
subelongatus 

  
■ - DD Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
mixed reef and seagrass meadow habitat (outside of 
Proposed Training Footprint areas). 

Rhino Pipefish, 
Macleay's Crested 
Pipefish, Ring-
back Pipefish  

Histiogamphelus 
cristatus 

  
■ - LC Species or species 

habitat may occur 
within area 

NA Possible. Potential resident 
throughout year. Known from 
seagrass meadow and 
sparse seagrass bordering 
open sand. 

NA 
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Australian Smooth 
Pipefish, Smooth 
Pipefish  

Lissocampus 
caudalis 

  
■ - LC Species or species 

habitat may occur 
within area 

NA Possible. Potential resident 
throughout year. Known from 
reef and seagrass meadow 
habitat (outside of Proposed 
Training Footprint areas). 

NA 

Prophet's Pipefish  Lissocampus 
fatiloquus 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
seagrass and adjacent sand. Most records are from Shark 
Bay. 

Javelin Pipefish  Lissocampus 
runa 

  
■ - LC Species or species 

habitat may occur 
within area 

NA Possible. Potential resident 
throughout year. Known from 
reef and seagrass meadow 
habitat (outside of Proposed 
Training Footprint areas). 

NA 

Sawtooth Pipefish  Maroubra 
perserrata 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
reef habitat (outside of Proposed Training Footprint areas). 

Western Crested 
Pipefish 

Mitotichthys 
meraculus 

  
■ - DD Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
macrophyte habitat (outside of Proposed Training Footprint 
areas). 

Bonyhead 
Pipefish, Bony-
headed Pipefish  

Nannocampus 
subosseus 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
reef and seagrass meadow habitat (outside of Proposed 
Training Footprint areas). 

Leafy Seadragon  Phycodurus 
eques 

  
■ P2 LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Usually found 
on edges of macroalgae stands (outside of Proposed 
Training Footprint areas). 

Common 
Seadragon, 
Weedy 
Seadragon  

Phyllopteryx 
taeniolatus 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Usually found 
in reef habitat (outside of Proposed Training Footprint 
areas). 

Pugnose Pipefish, 
Pug-nosed 
Pipefish  

Pugnaso 
curtirostris 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
reef, rubble and seagrass meadow habitat (outside of 
Proposed Training Footprint areas). 

Gunther's 
Pipehorse, 

Solegnathus 
lettiensis 

  
■ - DD Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Unlikely. Known mostly from depths <50 m (outside of 
Proposed Operational Envelopes). 
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Indonesian 
Pipefish  
Spotted Pipefish, 
Gulf Pipefish, 
Peacock Pipefish  

Stigmatopora 
argus 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
seagrass meadow habitat (outside of Proposed Training 
Footprint areas). 

Widebody 
Pipefish, Wide-
bodied Pipefish, 
Black Pipefish  

Stigmatopora 
nigra 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
seagrass meadow habitat (outside of Proposed Training 
Footprint areas). 

Double-end 
Pipehorse, 
Double-ended 
Pipehorse, 
Alligator Pipefish  

Syngnathoides 
biaculeatus 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
reef (macroalgae) and seagrass meadow habitat (outside 
of Proposed Training Footprint areas). 

Hairy Pipefish  Urocampus 
carinirostris 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
seagrass meadow and macroalgae over rock and sand 
habitat in estuaries (outside of Proposed Training Footprint 
areas). 

Mother-of-pearl 
Pipefish  

Vanacampus 
margaritifer 

  
■ - LC Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Possible. Potential resident throughout year. Known from 
vegetation over sand and rubble and muddy substrates in 
estuaries (outside of Proposed Training Footprint areas). 

Port Phillip 
Pipefish 

Vanacampus 
phillipi 

  
■ - LC Species or species 

habitat may occur 
within area 

NA Possible. Potential resident 
throughout year. Known from 
estuaries (seagrass 
meadows, sand and mud 
flats) (outside of Proposed 
Training Footprint areas). 

NA 

Longsnout 
Pipefish, 
Australian Long-
snout Pipefish, 
Long-snouted 
Pipefish 
 
  

Vanacampus 
poecilolaemus 

  
■ - LC Species or species 

habitat may occur 
within area 

NA Possible. Potential resident 
throughout year. Known from 
reef and seagrass meadow 
habitat (outside of Proposed 
Training Footprint areas). 
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FISH Current 
Scientific 

Name 

EPBC Listing Other Listing PMST Indicative Presence Nexus to the Action 

Common Name 

T
h

re
a

te
n

e
d

 

M
ig

ra
to

ry
 

M
a

ri
n

e
 

BC 
Act 

IUCN Swanbourne Lancelin Swanbourne Lancelin 

Sharks and rays 

White Shark, 
Great White Shark 

Carcharodon 
carcharias 

VU ■  VU VU Species or species 
habitat known to 
occur within area 

Foraging, feeding or 
related behaviour 
known to occur 
within area 

Possible. Species can be 
found close inshore around 
rocky reefs, surf beaches 
and shallow bays, to the 
outer continental shelf. 

Possible. Species can be 
found close inshore around 
rocky reefs, surf beaches 
and shallow bays, to the 
outer continental shelf. 
Overlaps foraging BIA, with 
Australia sea lion colonies 
in the area providing a food 
source. 

Porbeagle, 
Mackerel Shark  

Lamna nasus 

 
■  - VU Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Unlikely. Inhabits oceanic waters and areas around the 
edge of the continental shelf. They occasionally move into 
coastal waters, but these movements are temporary. 

Reef Manta Ray, 
Coastal Manta 
Ray, Inshore 
Manta Ray 

Manta alfredi 

 
■  - VU Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Unlikely. Known in Australian waters from about Perth, 
WA, around the tropical north to the Solitary Islands, NSW; 
also, Cocos Islands and Christmas Island in the eastern 
Indian Ocean. Often seen inshore around coral and rocky 
reefs in tropical and subtropical waters. manta rays also 
occur around offshore reefs and seamounts 

Giant Manta Ray, 
Pacific Manta 
Ray, Pelagic 
Manta Ray, 
Oceanic Manta 
Ray  

Manta birostris 

 
■ 

 
- VU Species or species 

habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Unlikely. Known in Australian waters from about Perth, 
Western Australia, around the tropical north to the Solitary 
Islands, New South Wales; also, Cocos (Keeling) Islands 
and Christmas Island in the eastern Indian Ocean. Often 
seen inshore around coral and rocky reefs in tropical and 
subtropical waters. manta rays also occur around offshore 
reefs and seamounts 

Whale Shark  Rhincodon 
typus 

VU ■ 
 

OS EN Species or species 
habitat may occur 
within area 

Species or species 
habitat may occur 
within area 

Unlikely. Found in tropical and warm-temperate seas, both 
oceanic and coastal, between 30ºN and 35ºS. Proposed 
UTRs would be at southern end of range within WA. 

Grey Nurse Shark 
(west coast 
population)  

Carcharias 
taurus (west 
coast 
population) 

VU 
  

VU NT Species or species 
habitat known to 
occur within area 

Species or species 
habitat known to 
occur within area 

Possible. Found primarily in waters along the southwest 
coast of WA to Shark Bay. Breeding sites unknown 
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Table 5.  Insects potentially occurring within 10 km of the Swanbourne and Lancelin Operational Envelopes 

Common Name Current Scientific 
Name 

EPBC 
Listing 

Other Listing PMST Indicative Presence Nexus to the Action 

BC 
Act 

IUCN Swanbourne Lancelin Swanbourne Lancelin 

Douglas' Broad-headed 
Bee, Rottnest Bee  

Hesperocolletes 
douglasi 

CR CR - Species or species habitat 
may occur within area 

Species or species habitat may 
occur within area 

None. Suitable habitat is not 
present in the marine 
environment.  

 
 



Project number EST04718  File AppE_EPBC Likelihood Assessment.docx, 2020-03-16  Revision 0   25 
 

Table 6.  Plants potentially occurring within 10 km of the Swanbourne and Lancelin Operational Envelopes 

Common Name Current Scientific 
Name 

EPBC 
Listing 

Other Listing PMST Indicative Presence Nexus to the Action 

BC 
Act 

IUCN Swanbourne Lancelin Swanbourne Lancelin 

Slender Andersonia Andersonia gracilis EN  VU - Species or species habitat 
may occur within area 

Species or species habitat may 
occur within area 

None. Suitable habitat is not 
present in the marine 
environment.  King Spider-orchid, 

Grand Spider-orchid, 
Rusty Spider-orchid  

Caladenia huegelii EN  CR - Species or species habitat 
likely to occur within area 

NA 

Dwarf Bee-orchid  Diuris micrantha VU  VU - Species or species habitat 
likely to occur within area 

NA 

Purdie's Donkey-orchid  Diuris purdiei EN  EN - Species or species habitat 
may occur within area 

NA 

Glossy-leafed Hammer 
Orchid, Glossy-leaved 
Hammer Orchid, Warty 
Hammer Orchid  

Drakaea elastica EN CR - Species or species habitat 
likely to occur within area 

NA 

Dwarf Hammer-orchid  Drakaea micrantha VU EN - Species or species habitat 
likely to occur within area 

NA 

Keighery's Eleocharis  Eleocharis keigheryi VU  VU - Species or species habitat 
may occur within area 

Species or species habitat likely 
to occur within area 

Keighery's Macarthuria  Macarthuria keigheryi EN EN - NA Species or species habitat likely 
to occur within area 

Star Sun-orchid  Thelymitra stellata EN EN - Species or species habitat 
may occur within area 

NA 
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Table 7.  Threatened Ecological Communities (TECs) potentially occurring within 10 km of the Swanbourne and Lancelin Operational Envelopes 

Description EPBC 
Listing 

PMST Indicative Presence Nexus to the Action 

Swanbourne Lancelin Swanbourne Lancelin 

Tuart (Eucalyptus gomphocephala) Woodlands 
and Forests of the Swan Coastal Plain 
ecological community 

CR Community likely to 
occur within area 

Community may 
occur within area 

None. Suitable habitat is not present in the marine environment.  

Banksia Woodlands of the Swan Coastal Plain 
ecological community 

EN Community likely to 
occur within area 

Community may 
occur within area 

None. Suitable habitat is not present in the marine environment.  

Subtropical and Temperate Coastal Saltmarsh VU Community likely to 
occur within area 

NA Unlikely. Suitable habitat is not 
present along the Swanbourne coast. 
This TEC occurs along estuaries and 
on low energy coasts, and is mapped 
as occurring along the Swan River, 
which is at least 2.5 km southeast of 
the Proposal 

NA 
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Conservation Codes 

Table 8.  Conservation code definitions under the EPBC Act, WA Biodiversity Conservation Act 2016 (BC 

Act), and International Union for Conservation (IUCN) Red List of Threatened Species. 

Conservation 

Codes 

Listing Legislation Description 

EPBC 

Act 

BC 

Act 

IUCN 

CR: Critically 
Endangered 

■ ■ ■ Facing an extremely high risk of extinction in the wild in the 
immediate future 

EN: Endangered ■ ■ ■ Facing a very high risk of extinction in the wild in the near 
future 

VU: Vulnerable ■ ■ ■ Facing a high risk of extinction in the wild in the medium‑term 
future 

NT: Near 
Threatened 

  ■ Does not qualify for Critically Endangered, Endangered or 
Vulnerable now, but is close to qualifying for or is likely to 
qualify for a threatened category in the near future 

CD: Conservation 
Dependent 

 ■  Dependent on ongoing conservation intervention to prevent it 
becoming eligible for threatened status (CR, EN or VU) 

MI: Migratory ■ ■  Subject to international agreement for conservation as a 
migratory taxon 

Marine ■   Taxon naturally occurs in a Commonwealth marine area and 
requires protection to ensure the long‑term conservation of the 
species. 

OS: Other specially 
protected species 

 ■  Fauna otherwise in need of special protection to ensure their 
conservation (s. 18 of the BC Act) 

P2: Priority 2  ■  Poorly known species. Species known from one or a few 
locations (generally five or less), some of which are on lands 
managed primarily for nature conservation 

DD: Data Deficient   ■ Inadequate information to make a direct, or indirect, 
assessment of its risk of extinction 

LC: Least Concern   ■ Does not qualify for Critically Endangered, Endangered, 
Vulnerable or Near Threatened. Widespread and abundant 
taxa are included in this category 
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Occurrence records 

Table 9.  ALA and NatureMap records, within 5 km of the Operational Envelopes within last five years 

Common Name Species Swanbourne Lancelin Open 
water 

habitat? 

A
L

A
 

N
a

tu
re

M
a

p
 

A
L

A
 

N
a

tu
re

M
a

p
 

Common Sandpiper Actitis hypoleucos 1 1 7 2 No 
Common Noddy Anous stolidus - - 20 - Yes, but 

offshore 
Eastern Great Egret Ardea modesta - 2 - - No 
Flesh-footed Shearwater Ardenna carneipes 2 - 1 - Yes 

Ruddy Turnstone Arenaria interpres 4 2 38 6 No 
Sanderling Calidris alba - - - 6 No 
Red-necked Stint Calidris ruficollis - 1 - 6 No 
Great Knot Calidris tenuirostris 1 1 - - No 
Forest Red-tailed Black-Cockatoo Calyptorhynchus banksii naso - 2 - - No 
Carnaby's Cockatoo Calyptorhynchus latirostris - 3 - - No 
Greater Sand Plover Charadrius leschenaultii - - 2 3 No 
Red-capped Plover Charadrius ruficapillus - 2 3 4 No 
Lesser Sand Plover Charadrius mongolus -  3  No 
White-bellied Sea-Eagle Haliaeetus leucogaster - - 2 2 Yes 

Pied Stilt Himantopus himantopus 
leucocephalus 

1 1 - - No 

West Australian Seahorse Hippocampus subelongatus 4 - - - Yes* 
Caspian Tern Hydroprogne caspia 5 12 36 1 Yes 

Silver Gull Larus novaehollandiae 163 98 5 4 No 
Pacific Gull Larus pacificus 1 1 - 4 No 
Bar-tailed Godwit Limosa lapponica - - 7 - No 
Rainbow Bee-eater Merops ornatus - - 1 - No 
Western Crested Pipefish Mitotichthys meraculus 1 - - - Yes* 
Whimbrel Numenius phaeopus 2 - 2 1 No 
Osprey Pandion cristatus 4 13 60 5 Yes 

Pacific Golden Plover Pluvialis fulva - - 1 1 No 
Grey Plover Pluvialis squatarola 1 - 4 1 No 
Roseate Tern Sterna dougallii - 1 18 5 Yes 

Australian Fairy Tern Sternula nereis nereis 12 6 5 6 Yes 

Crested Tern Thalasseus bergii 15 32 80 6 Yes 

Grey-tailed Tattler Tringa brevipes - - 1 - No 
Indian Ocean Bottlenose 
Dolphin 

Tursiops aduncus - 3 - - Yes 

* considered highly localised occurrence given the small home range size of syngnathids 
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