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Key Proposal Characteristics 
 
Table 1:  Summary of the proposal 
 

Proposal title Non-lethal trial of SMART drumlines 

Proponent name Department of Primary Industries and Regional 
Development 

Short description The proposal is to conduct a trial of SMART (Shark 
Management Alert in Real Time) drumlines to determine 
their effectiveness as a non-lethal shark hazard mitigation 
option to reduce shark attacks.  The proposal will involve 
the capture, tagging, relocation and release of white sharks 
and the deployment of VR2 acoustic receivers to better 
understand white shark movements following release. 

 
Table 2:  Location and proposed extent of physical and operational elements 
 

Element Location Proposed extent 

Physical Elements 

VR2 acoustic receiver 
installation 

Figure 1 125 VR2 acoustic receivers are proposed to 
be placed on the sea floor to support the trial.  
66 of these VR2 receivers will be placed on 
the sea floor within and around the SMART 
drumline area of operations.  The remaining 
59 VR2 receivers will be placed around surf 
breaks at Prevelly, Indjidup, Yallingup and 
Three Bears. 

Operational Elements 

SMART drumline 
operations 

Figure 2 Setting and retrieving 10 SMART drumlines 
daily.  It is proposed that SMART drumlines 
will be set 500 metres offshore and evenly 
spread within the area of operation. 
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Figure 1:  Proposed areas for VR2 acoustic receiver placements 
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Figure 2:  Proposed area of operation and indicative SMART drumline locations 
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1. Introduction 
 
1.1 The Proposal 
 
The Government of Western Australia proposes to conduct a trial of SMART (Shark 
Management Alert in Real Time) drumlines to determine the effectiveness of SMART 
drumlines as a non-lethal shark mitigation option to reduce shark attacks.  It is 
proposed that the trial take place over 15 months in the waters off Gracetown in 
Western Australia’s (WA) south west. 
  
1.2 Project Justification 
 
Although human encounters with sharks are uncommon, the impacts of shark bites 
are sometimes fatal and have traumatic consequences for those involved, their 
families, friends and communities (Curtis et al 2012).  Since 2000, there have been 
70 shark encounters resulting in injury in WA, of which 15 were fatal (Australian 
Shark Attack File, 2018).  The most recent 11 fatalities, all of which involved white 
sharks, occurred over a six year period between August 2011 and April 2017.  While 
the frequency of such encounters in WA has been highly variable and low since 
official records began, there has been an increasing trend since the 1970s (West, 
2011; DoF, 2012; Mc Phee, 2014). 
 
The proposed SMART drumline trial is one part of the WA Government’s shark 
hazard mitigation strategy that also includes funding for Surf Life Saving WA beach 
and aerial patrols, a partnership with Surfing WA to provide drones, a jetski and free 
surfing based first aid training, a world first personal shark deterrent subsidy, beach 
emergency numbers signage, shark tagging and an extension of the tagged shark 
monitoring network. 
 
The New South Wales (NSW) Government has been using SMART drumlines off 
their coast since 2015.  In examining the potential for SMART drumlines in WA 
waters, the WA Government sought to access the data collected in NSW.  The 
information provided was insufficient to allow an assessment of the effectiveness of 
the program.  In line with the WA Government’s commitment to shark mitigation 
strategies that are backed by science, a trial of SMART drumlines is required to 
allow for a scientific evaluation of their potential effectiveness in WA conditions.  A 
copy of the draft research proposal can be found at Appendix 1. 
 
Where possible, the proposed WA SMART drumline project has been aligned with 
the NSW SMART drumline operations to provide greater opportunities for 
comparative data analysis of the two programs. 
 
In 2014, the (then) WA Government conducted a lethal trial of conventional 
drumlines off the metropolitan and south west coasts and proposed a longer term 
drumline program between 2014 and 2017.  Given the level of public interest in the 
lethal drumline trial, and shark hazard mitigation strategies more generally, a table 
comparing the proposed 2014-17 lethal program and with the proposed non-lethal 
SMART drumline trial is provided (Table three). 
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Table 3:  Comparison between the proposed 2014-17 lethal trial of conventional 
drumlines and the proposed non-lethal SMART drumline trial 

Factor 2014-17 
Program 

Proposed SMART 
Drumline Trial 

Comments 

Gear type Conventional 
drumline 

SMART drumline SMART drumlines alert 
the drumline operator to 
the presence of a hooked 
animal 

Number of 
drumlines 

60 10 An additional 12 
drumlines were available 
for the 2014-17 program 
for shark threat mitigation 
or incident response 

Location Ocean Reef to 
Port Beach 
(~33km); South 
west: Quindalup to 
Prevelly (~80km) 

11.5km stretch of 
coast off 
Gracetown 

 

Lethal or 
non-lethal 

Lethal Non-lethal catch, 
tag, relocate & 
release 

The 2014-2017 program 
aimed to catch and kill 
white, bull and tiger 
sharks three metres or 
greater in total length 

Period Proposed 15 
November to 30 
April for three 
years – 499 days 

15 months – 457 
days 

 

Time set Left baited in water 
overnight 

Daylight hours 
only 

 

Monitoring 6am to 6pm, 
noting distances 
involved 

At least every 
three hours 

Note the difference in 
geographical extent of 
the two programs 

Marine 
Parks (MP) 

Marmion MP 
Ngari Capes MP 

Ngari Capes MP No drumlines to be inside 
sanctuary areas in either 

 
1.3 Proponent Details 
 
The proponent is the Department of Primary Industries and Regional Development 
(DPIRD).  This document has been prepared to provide detailed information about 
the proposed SMART drumline trial, potential environmental impacts and to support 
future regulatory assessments and approvals. 
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2. Project Description 
 
The proposed non-lethal SMART drumline trial will aim to determine if capturing and 
relocating dangerous sharks offshore will reduce the risk these sharks pose to 
humans, thereby enhancing a multifaceted shark mitigation strategy.  This will be 
achieved by determining post release shark movement patterns.  The Western 
Australian Chief Scientist, Professor Peter Klinken AC, will undertake an 
independent review of the proposed trial after 12 months. 
 
The project description outlined below summarises the information contained in the 
proposed SMART drumline trial research proposal. 
 
2.1 Proposed Activity 
 
SMART drumlines are designed as a non-lethal shark mitigation option.  A SMART 
drumline comprises of two large buoys and a satellite linked GPS communications 
unit that is attached to a baited hook (Figure 3).  When a shark takes the bait and 
puts pressure on the line, a triggering magnet is released causing the 
communications unit to transmit an alert to the operator.  The SMART drumline 
operator must respond immediately to such alerts and be on site at the drumline in 
question within 30 minutes of an alert being triggered and immediately tag, relocate 
and release the hooked shark (see 2.3.1 Target species). 
 
Figure 3:  SMART drumline and communications set up 
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The SMART drumline trial is proposed to be conducted over a 15 month period and 
will involve the setting of 10 SMART drumlines approximately 500 metres offshore 
along an 11.5 kilometre stretch of coast near Gracetown in WA’s south west.  
Gracetown has been selected as the proposed trial site due to its proximity to the 
locations of both fatal and non-fatal shark attacks over the last 15 years and its 
popularity with both swimmers and surfers.  The WA Government is undertaking a 
tender process to engage a contractor to undertake the proposed trial on the 
Government’s behalf. 
 
2.2 New South Wales SMART Drumline Program 
 
The NSW SMART drumline program targets white, bull and tiger sharks which are 
thought to be involved in serious shark attacks in NSW.  The SMART drumlines are 
monitored by a contractor who is required to be on site at a drumline within 30 
minutes of receiving an alert.  Operated during daylight hours only, SMART 
drumlines are set approximately 500 metres offshore in 8-15 metres of water.  
Following capture, target sharks (white tiger and bull sharks) are tagged, relocated 
approximately one kilometre offshore and released. 
 
SMART drumlines in NSW are set with the intention of intercepting sharks at 
beaches where they are deployed.  Preliminary analysis of satellite tagged sharks 
suggests that they often head further offshore immediately after release (for the first 
24-48 hours) (NSW DPI, 2018).  The effectiveness of SMART drumlines in achieving 
this end is yet to be proven and, due to the unavailability of data from the NSW 
program, their potential effectiveness in WA conditions is unknown. 
 
Since 2015, NSW SMART drumlines have been set more than 22,000 times, 
catching 396 target sharks and 149 non-target animals.  The main non target shark 
species caught on drumlines are dusky whaler, bronze whaler, shortfin mako, grey 
nurse and smooth hammerhead sharks.  Two white sharks have been found dead on 
beaches following tagging in the SMART drumline program.  A common black tip 
shark and a black marlin were found dead on SMART drumlines following an alert.  
A loggerhead turtle was tangled in the trace of a drumline, but not hooked.   
Appendix 2 provides a summary of the target and non-target captures at the six 
NSW SMART drumline program locations. 
 
2.3 Project Methodology 
 
The proposed SMART drumline trial will aim to gain an understanding of the short 
term movement patterns of white sharks after capture, tagging and relocation, and 
what impact this may have on reducing the likelihood of a shark-human interaction. 
 
2.3.1 Target species 
 
The proposed SMART drumline trial aims to catch, tag, relocate and release 
dangerous sharks. 
 
All white sharks will be tagged with an identification tag, an external acoustic tag and 
a pop up archival satellite tag (PSAT).  All white sharks, regardless of size, will also 
be relocated one kilometre offshore and released.  Tiger sharks three metres or 
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greater in total length will be tagged with an identification tag only, relocated one 
kilometre offshore and released. 
 
Any other sharks caught during the proposed SMART drumline trial will be tagged, 
with an identification tag and released.  They will not be relocated. 
 
As the proposed SMART drumline trial is being carried out to enable an assessment 
of a non-lethal shark mitigation measure, a white or tiger shark greater than three 
metres in length may be released on site due to the condition of the shark or the 
weather conditions. 
 
2.3.2 Tagging 
 
All white sharks captured during the proposed SMART drumline trial will be tagged 
with three complimentary tags (identification, acoustic and PSAT each with different 
levels of data provision and tag longevity). 
 
2.3.2.1 Identification tag 
A yellow plastic “spaghetti” identification tag will be attached at the base of the dorsal 
fin of every shark captured.  While the tag is attached primarily for identification 
purposes, broad scale movement data can be obtained should the shark be 
recaptured. 
 
2.3.2.2 Acoustic tag 
Acoustic transmitting tags will be attached to the base of the dorsal fin (behind the 
yellow identification tag) of all white sharks captured.  The unique identifiable signal 
transmitted by an acoustic tag can be received by VR2 and VR4 acoustic receivers 
should a shark come within approximately 500 metres of a receiver.  These data will 
be important in determining the movements of white sharks post release. 
 
If a captured white shark has an internal acoustic tag i.e. not tagged as part of the 
trial, a new external acoustic tag will be attached to the shark.  The presence of a 
new tag will ensure that the movements of the shark continue to will be received by 
acoustic receivers due to the limited (two to three years) battery capacity of an 
acoustic tag. 
 
2.3.2.3 Pop up satellite archival tags 
All white sharks captured during the trial will have a PSAT tag externally attached 
that records and archives water depth, temperature, acceleration and light level data 
as well as broad scale location data.  PSAT tags can be programmed to release after 
a particular time period or self release as a result of the data being recorded e.g. 
constant depth indicating possible mortality, rapid increase in temperature indicating 
possible tag ingestion or when water depth exceeds 1400 metres.  These triggers 
will result in the tag being released and the data transmitted once the tag is on the 
surface of the water. 
 
2.3.3 Acoustic receivers 
 
One of the objectives of the proposed SMART drumline trial is to gain a better 
understanding of white shark movements following capture, tagging, relocation and 
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release.  While the PSAT archival tags will provide broad scale movement data, it is 
not accurate enough to provide detailed movement data of released sharks.  With 
this in mind, an array of passive VR2 acoustic receivers will be deployed to detect 
the presence of acoustically tagged sharks (passing within approximately 500 metres 
of a VR2 receiver). 
 
Unlike the satellite linked VR4 receivers used as part of the shark monitoring 
network, VR2 receivers do not send an alert following the detection of an acoustically 
tagged shark.  Rather, details of the detection are stored within the VR2 unit and will 
be manually retrieved at three to four month intervals.  Receivers in shallow waters 
(<30 metres) will have their data retrieved and serviced via SCUBA diving and those 
in deeper waters via a remote operated vehicle. 
 
It is proposed that the SMART drumline trial area be enclosed by an array of 66 VR2 
receivers (map at Appendix 3).  Two lines of VR2 receivers are proposed to be 
placed parallel to the coast at 500 metres and two kilometres offshore and further 
receivers along the northern and southern boundary of the SMART drumline area to 
create a “box”.  A line of four VR2 receivers will also be placed one kilometre to the 
north and south of the proposed SMART drumline trial area.  Within the VR2 “box” 
six sets of two VR2 receivers will be placed equidistant apart, creating seven array 
zones to help better ascertain directional movement of sharks post release. 
 
An additional four arrays of VR2 receivers (59 receivers in total) are proposed for 
offshore of the Prevelly, Indjidup, Yallingup and Three Bears surf breaks 
(Appendices 4 to 7).  This will help better understand the inshore movement of 
sharks post release. 
 
The VR2 arrays will also be supported by five existing VR4 satellite linked acoustic 
receivers in the south west corner of WA (Appendix 8 map of VR4s).  VR4 receivers 
provide real time alerts of the presence of a tagged shark.  These alerts are sent to 
the DPIRD and local land manager for response as necessary.  Alerts are also 
published in near real time on the Sharksmart website ‘Shark Activity Map’ and via 
the Surf Life Saving WA Twitter feed. 
 
2.3.4 Training 
 
DPIRD have officers with considerable experience in the targeting, capture, tagging 
and release of large sharks.  A comprehensive operating manual is being developed 
to guide the day to day operations of the contractor.  The contractor and the 
contractor’s crew will receive at least two days formal training from DPIRD officers 
prior to the commencement of the trial.  In addition to formal training, the contractor 
will have experience in commercial fishing, marine research or in the handling of 
large sharks. 
 
Experienced DPIRD officers will be on board the contractor’s vessel every day for at 
least the first month of the proposed trial to provide on-board training and monitor 
operations.  DPIRD will undertake regular on board monitoring for at least two weeks 
each month for the duration of the proposed trial.  This observer program will allow 
for additional on water training, technical advice, data validation and the refinement 
of fishing, tagging and relocation practices.   
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2.3.5 SMART drumline fishing operations 
 
The SMART drumline trial proposes the use of 10 SMART drumlines, each with one 
baited hook attached, for a period of 15 months, commencing in early 2019.  While 
ideally SMART drumline fishing operations would be undertaken on a daily basis, it 
is acknowledged that weather conditions may preclude fishing operations from taking 
place on some days.  This is particularly important in relation to the safe capture and 
relocation of sharks noting the intent to trial a potentially non-lethal shark mitigation 
option. 
 
2.3.5.1 SMART drumline configuration 
Each SMART drumline unit will comprise of: 

- a SMART buoy communications unit; 
- two flotation buoys (drumline and anchor buoys); 
- a negatively buoyant anchor line connected to a standard reef or danforth 

anchor and chain; 
- a wire trace connecting the drumline buoy to the hook; 
- a trigger line connecting the SMART communications unit to the wire trace (to 

allow for the release of the triggering magnet; and 
- a 20/0 Mustad non-offset circle hook. 

 
The size and design of the hook proposed to be used is consistent with the hooks 
that are used in the NSW drumline program.  The size and design of hook may need 
to be changed during the trial to better suit the target sharks.  Alterations to the 
design of the drumline fishing equipment may also require refinement during the trial. 
 
Figure 3:  Proposed SMART drumline components 
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2.3.5.2 Times 
A key component of the trial is the capacity for continual monitoring of the SMART 
drumlines while they are in the water.  This will allow for a maximum 30 minute 
response time to a drumline, upon the contractor receiving an alert.  With this in 
mind, it is proposed that SMART drumline fishing operations only occur during 
daylight hours.  It is proposed that: 

- SMART drumlines will commence to be deployed after sunrise but no later 
than one hour after sunrise; 

- all ten SMART drumlines will be deployed not later than two and a half hours 
after sunrise; 

- the retrieval of SMART drumlines will occur no earlier than two hours before 
sunset; and 

- all SMART drumlines will be removed from the water by sunset. 
 
2.3.5.3 Locations 
It is proposed that SMART drumlines be deployed at the same locations each day 
throughout the trial.  It is proposed that the drumlines be evenly spaced, 
approximately 500 metres offshore, along the approximately 11.5 kilometre trial area.  
Where possible the precise location of each SMART drumline will be on a sand 
substrate.  A map showing the proposed approximate locations of the SMART 
drumlines is provided at Appendix 9. 
 
2.3.5.4 Alerts 
Following the triggering of the SMART drumline communications unit, indicating that 
a shark has taken the bait, alerts will be immediately issued via email and SMS text 
message to the contractor and DPIRD.  These alerts will identify which SMART 
drumline is involved and that drumline’s location.  The contractor must acknowledge 
receipt of the alert and be on site at the drumline subject of the alert within 30 
minutes. 
 
The SMART drumline communications unit will continue to send location alerts every 
six minutes until it is reset.  This will reduce the amount of time required to find the 
drumline should it be dragged away by a large shark or in the unlikely event of an 
entanglement with a whale. 
 
Measures are being put into place to deal with multiple alerts at one time.  The 
priority will be to provide as fast a response as possible to each alert and to release 
the sharks on site, without relocation, as soon as possible.  If multiple alerts are 
received and the contractor is not in the process of responding to another alert: 

- a response will be made to the SMART drumline closest to the contractor’s 
position; 

- if the shark is not a white shark then the shark is to be tagged with an 
identification tag and released on site (including large tiger sharks); and 

- if the shark is a white shark the shark is to be tagged with all tags and 
released on site prior to attending to the next alerted SMART drumline. 

 
If the contractor is in the process of tagging a shark when a new SMART drumline 
alert is received, the contractor will finish tagging and release the shark on site.  
When a shark is in the process of being relocated, the shark will be released in order 
to respond to the new alert.  
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2.3.6 Post capture handling of sharks 
 
Prior to approaching a hooked shark, the contractor will be required to make a 
preliminary assessment of the behaviour of the shark and its capacity to be brought 
alongside the vessel.  This is important in reducing the potential risk to contractors 
and the shark.  Large sharks are usually able to be approached by a boat after 5-15 
minutes of being hooked.  Once the contractor has retrieved the SMART drumline 
buoys, the contractor will secure the shark alongside the vessel. 
 
Once alongside the contractor’s vessel, a belly rope will be applied around the 
abdomen of the shark (behind one pectoral fin and in front of the other) and secured 
to the vessel while ensuring that the shark’s head and gills remain underwater.  A tail 
rope will then be looped around the shark’s tail and secured to the vessel.  Once 
secured biological measurements and tagging can take place. 
 
The method used for securing the shark will be refined to suit the contractor’s vessel 
and training provided by DPIRD staff. 
 
2.3.7 Relocation of sharks 
 
It is proposed that, following tagging, all white sharks and tiger sharks three metres 
or greater in total length will be relocated.  Consistent with the NSW SMART 
drumline project, those sharks will be relocated approximately 500 metres offshore 
from their point of capture (approximately one kilometre offshore). 
 
Given the nature of weather conditions, the health and safety of the vessel’s crew is 
paramount when relocating a shark.  The health of the shark is also paramount as 
the trial is being conducted to ascertain the potential for the use of SMART drumlines 
as a non-lethal shark hazard mitigation tool.  Any shark being relocated will remain in 
the water at all times. 
 
The technique used for the relocation of a shark will be contingent on a number of 
factors including weather, shark species, size, temperament and physical condition.  
In reasonably calm conditions it may be possible to relocate a shark using the two 
tethering ropes described above.  At other times a sling, placed under the shark and 
secured to the side of the vessel, may be required to effectively secure and support 
the shark during relocation.   
 
2.3.8 Hook removal and release 
Following the relocation of a shark the hook is removed using long nose pliers or a 
de-hooking tool.  The sling and/or tether ropes are then released and the shark will 
be held upright by the dorsal fin.  This allows for improved water flow and oxygen 
uptake.  The shark will be released when it moves off under its own power. 
 
For those sharks that will not be relocated, the hook will be removed and tethers 
released once an identification tag has been applied.  In both cases, the health of the 
shark will be monitored as best as possible and the post release condition of the 
shark recorded. 
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2.3.9 On board monitoring 
 
On board monitoring by DPIRD staff will be undertaken throughout the proposed 
SMART drumline trial and the contractor will be required to carry such personnel on 
board their vessel.  It is proposed that DPIRD staff be on board the contractor’s 
vessel every day for at least the first four weeks of the trial as described above.  
DPIRD staff will then be on board randomly for approximately two weeks out of every 
four for the remainder of the trial. 
 
2.3.10 Reporting 
 
The SMART drumline contractor will be required to notify DPIRD when they are 
commencing the setting and retrieval of SMART drumlines each day.  Throughout 
the proposed trial, the contractor will be required to report on their activities.  These 
reports will include, but not be limited to: 

- the times that SMART drumlines are deployed, checked and retrieved; 
- the locations of individual SMART drumlines; 
- water depth; 
- weather observations (e.g temperature, wind, sea and swell); and 
- bait type and amount. 

 
When the contractor receives a SMART drumline alert, they will be required to 
immediately notify DPIRD of the receipt of the alert and that they are responding.  
When attending to a hooked shark a range of data will be collected including: 

- time of alert and time of arrival at the SMART buoy; 
- time that the animal is secured to the vessel; 
- SMART buoy number and location including distance offshore and water 

depth; 
- species and health/condition; 
- caudal, fork and total length measurements; 
- tissue samples; 
- tag numbers (species dependent); 
- time relocation commenced; 
- time relocation concluded; and 
- time of release and release condition. 

 
The contractor’s vessel will have an Automatic Location Communicator (ALC) 
installed on the vessel and will be integrated into DPIRD’s Vessel Monitoring System 
(VMS).  This will allow the location of the vessel to be known to DPIRD throughout 
the trial.  Some of the data recorded above will be reported to the public as soon as 
possible and the ALC will form part of the reporting system.  This information will 
then automatically link to the Sharksmart website and Surf Life Saving Twitter feed to 
provide public reports of any white or large tiger sharks caught and released. 
 
Data will also be collected by DPIRD personnel while they are onboard the 
contractor’s vessel.  These data will assist in validating the data recorded by the 
contractor regardless of whether DPIRD personnel are on board. 
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2.3.11 Timing 
 
It is proposed that the trial commence in February 2019 and take place over a  
15 month period.  It is proposed that the WA Chief Scientist will undertake an 
independent assessment of the trial after 12 months. 
 
2.3.12 Animal ethics 
 
The proposed SMART drumline trial has been assessed and approved by DPIRD’s 
independent Animal Ethics Committee (project AEC 18-5-14). 
 
2.4 Alternatives Considered 
 
2.4.1 Not conducting the trial 
 
The WA Government sought data relating to the NSW SMART drumline project.  The 
information provided was insufficient to allow an assessment of the efficacy of 
SMART drumlines in a WA context.  The nature of the coastline and prevailing 
weather conditions differs between NSW and WA.  This supports the need to 
conduct an extended trial across a range of WA seasonal weather conditions. 
 
2.4.2 Alternative locations 
 
The area between Cape Naturaliste and Cape Leeuwin has a range of very popular 
surf breaks and is home to international surfing competitions.  The region also has a 
range of popular swimming beaches.  The area around Gracetown has been the 
location of three fatal shark attacks and two resulting in serious injury. 
 
 
3. Regulatory Approvals 
 
3.1 Decision Making Authorities 
 
The following key decision-making authorities have been identified for the proposed 
SMART trial: 

- Western Australian Environmental Protection Authority (EPA); 
- Department of Primary Industries and Regional Development (WA); 
- Department of Biodiversity, Conservation and Attractions (WA) (DBCA); and 
- Department of the Environment and Energy (Commonwealth) (DEE). 

 
3.2 Relevant Legislation 
 
3.2.1 Environmental Protection Act 1986 
 
The WA Environmental Protection Act 1986 (EP Act), among other things, governs 
environmental protection and approvals for projects impacting on the environment in 
WA land and waters.  The EP Act is administered by the EPA, Department of Water 
and Environmental Regulation. 
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This document has been prepared to assist the EPA to determine whether the 
proposed SMART drumline trial requires assessment and, if so, the level of 
assessment.  The following EPA Environmental Factor Guidelines have been 
considered in the development of this referral: 

- Marine Fauna; 
- Benthic Communities and Habitats; and 
- Social Surroundings. 

 
3.2.2 Environment Protection and Biodiversity Conservation Act 1999 
 
The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) is 
the primary Commonwealth environmental legislation providing the legal framework 
for the protection and management of nationally and internationally important flora, 
fauna, ecological communities and heritage places, defined as matters of national 
environmental significance.  The EPBC Act is administered by DEE. 
 
An EPBC protected matter search tool report was generated for the area of the 
proposed SMART drumline trial and its surrounds (Appendix 10).  The search tool 
identified the presence of 48 threatened and 42 migratory species. 
 
3.2.3 Fish Resources Management Act 1994 
 

The Fish Resources Management Act 1994 (FRMA) governs the development and 

management of fisheries and the conservation of fish and aquatic environments.  

Specifically, section 45 of the FRMA provides total protection to certain fish species, 

or classes of fish species, including white sharks and whaler sharks in the West and 

South Coast Regions with an interdorsal length of 70 centimetres or greater.  A 

person must not, among other things, take or be in possession of a totally protected 

fish. 

 

An exemption from the Minister for Fisheries will be required to undertake the 

proposed SMART drumline trial. 

 

3.2.4 Conservation and Land Management Act 1984 
 

The Conservation and Land Management Act 1984 (CALM Act) and regulations 

provide for, among other things, the protection, management and conservation of 

certain lands and waters (including the creation and management of marine parks) 

and the flora and fauna within them.  The SMART drumline trial is proposed to take 

place within the Ngari Capes Marine Park, which is managed by DBCA under the 

CALM Act. 

 

Section 101C of the CALM Act prohibits the take of flora or fauna in a marine park 

(among other places).  Regulation 34 of the Conservation and Land Management 

Regulations 2002 (CALM Regulations) prohibits the placement of a structure on land 

(including waters) managed under the CALM Act.   
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Regulation 89 allows for the issue of a licence to take fauna from CALM Act 

managed lands (including waters) for scientific purposes.  DPIRD will apply for a 

regulation 89 licence prior to the proposed SMART drumline trial commencing. 

 

Pursuant to regulation 4(1) of the CALM Regulations, DPIRD will apply to the DBCA 

Chief Executive Officer for authority to place structures, namely VR2 receivers and 

SMART drumline units prior to VR2 or SMART drumlines being deployed. 

 

3.2.5 Environment Protection (Sea Dumping) Act 1981 
 

The Environment Protection (Sea Dumping) Act 1981 (EPSD Act) governs the 

loading and dumping of waste at sea.  The VR2 acoustic receivers to be used as 

part of the proposed trial will be deployed a maximum of 2.5 kilometres off shore, 

well within State waters.  The EPSD Act does not apply within State waters. 

 

 

4. Environment and Impacts 
 
4.1 Ngari Capes Marine Park 
 
The Ngari Capes Marine Park (Marine Park) covers WA State waters (three nautical 
miles from the territorial baselines) between a point close to the northern boundary of 
the City of Busselton to the east of Augusta in Flinders Bay.  The proposed SMART 
drumline trial area falls within the Marine Park. 
 
The Marine Park consists of five different types of zones: sanctuary zones (no 
fishing), recreation zones, special purpose surfing, special purpose shore based 
activities and general use zones.  Two zones occur within the coastal area of the 
proposed SMART drumline trial, the Cowaramup Bay recreation zone and 
Lefthanders special purpose surfing zone (LSPSZ).  No activities are proposed for 
within the Cowaramup Bay recreation zone during the trial. 
 
It is proposed that two SMART drumlines will be located just inside the LSPSZ, as 
will eight VR2 acoustic receivers.  Special purpose surf zones recognize and 
prioritise surfing as a priority use (DEC, 2013).  The zones reflect an existing 
prohibition on the use of rock lobster pots in those areas to help avoid surfers being 
entangled in lobster pot ropes that lay along the surface of the water.  Certain other 
commercial fishing activities are permitted within special purpose surfing zones 
including demersal gillnet and longline fishing and line fishing. 
 
The SMART drumlines proposed to be used during the trial are a set line fishing 
method.  Consistent with current whale entanglement mitigation methods in the rock 
lobster fishery, it is proposed that the SMART drumlines will be attached via 
negatively buoyant rope so that the rope lies vertically in the water column, not 
horizontally or with excessive amounts of rope on the surface of the water (How et 
al., 2015).  This set up will also help mitigate against surfers becoming entangled.   
 
While it is proposed that two of the SMART drumlines will fall inside the LSPSZ, the 
locations are outside of the surf breaks at those locations, as it would not be feasible 
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to safely and effectively undertake the trial within the surf zone.  With this in mind, 
the likelihood of surfers interacting with the SMART drumline fishing gear is very low.  
Similarly, given the water depth of 10-25 metres, it is not possible for surfers to 
interact with the VR2 receivers which will be a maximum of 2.5 metres off the sea 
floor. 
 
4.2 Coastal and Marine Fauna 
 
The DEE provides a search tool to identify the presence of threatened species found 
within particular areas.  The search tool generated an EPBC protected matters report 
for the area of the proposed SMART drumline trial and identified 48 threatened 
marine species and 42 migratory species.   
 
Many of the species identified are small coastal or wetland birds.  While their 
presence in the area is noted, it is very unlikely that they will be impacted by the 
proposed SMART drumline trial.  They have therefore not been considered any 
further as part of this assessment.  Tables four and five provide a summary of 
relevant marine based species only. 
 
The proposed SMART drumline trial is being conducted to assess the effectiveness 
of SMART drumlines as a non-lethal shark mitigation measure.  Catches of marine 
fauna, other than sharks, and interactions are expected to be minimal during the trial.  
 
Table 4:  Relevant threatened marine species identified in the EPBC protected 
matters report. 
 

Species Status Type of Presence 
 

Birds 

Amsterdam Albatross Endangered Species or habitat may occur 

Tristan Albatross Endangered Species or habitat may occur 

Southern Royal Albatross Vulnerable Foraging, feeding or related 
behaviour 

Wandering Albatross Vulnerable Foraging, feeding or related 
behaviour 

Northern Royal Albatross Endangered Foraging, feeding or related 
behaviour 

Blue Petrel Vulnerable Species or habitat may occur 

Southern Giant Petrel Endangered Species or habitat may occur 

Northern Giant Petrel Vulnerable Species or habitat may occur 

Sooty Albatross Vulnerable Species or habitat may occur 

Soft-plumaged Petrel Vulnerable Species or habitat may occur 

Indian Yellow-nosed 
Albatross 

Vulnerable Foraging, feeding or related 
behaviour 

Shy Albatross Vulnerable Foraging, feeding or related 
behaviour 

White-capped Albatross Vulnerable Foraging, feeding or related 
behaviour 

Campbell Albatross Vulnerable Species or habitat may occur 

Black-browed Albatross Vulnerable Species or habitat may occur 
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Species Status Type of Presence 

Mammals 

Blue Whale Endangered Species or habitat may occur 

Southern Right Whale Endangered Breeding known to occur 

Humpback Whale Vulnerable Congregation or aggregation 
known to occur 

Australian Sea-lion Vulnerable Species or habitat may occur 
 

Reptiles 

Loggerhead turtle Endangered Species or habitat may occur 

Green Turtle Vulnerable Species or habitat may occur 

Leatherback Turtle Endangered Breeding likely to occur 

Flatback Turtle Endangered Species or habitat may occur 
 

Sharks 

Grey Nurse Shark Vulnerable Species or habitat may occur 

White Shark Vulnerable Species or habitat may occur 

Whale Shark Vulnerable Species or habitat may occur 

 
Table 5:  Migratory marine species identified in the EPBC protected matters report.  
Those species identified in the threatened species table above have not been 
replicated in the table below. 
 

Species Type of Presence 
 

Birds 

Flesh-footed Shearwater Species or habitat may occur 

Osprey Breeding known to occur 

Great Egret Species or habitat may occur 

Great Skua Species or habitat may occur 

White-bellied Sea Eagle Species or habitat may occur 

Little Shearwater Foraging, feeding or related behaviour 
 

Mammals 

Bryde’s Whale Species or habitat may occur 

Pygmy Right Whale Species or habitat may occur 

Dusky Dolphin Species or habitat may occur 

Killer Whale Species or habitat may occur 
 

Sharks and Rays 

Porbeagle Shark Species or habitat may occur 

Reef Manta Ray Species or habitat may occur 

Giant Manta Ray Species or habitat may occur 

 
In addition to the reporting as part of the proposed trial, all interactions with 
threatened or protected species will be recorded and reported to DEE, as required 
by the EPBC Act. 
 
4.2.1 Birds 
 
The relevant marine birds identified in the EPBC protected matters report can be 
broken into four main categories:  Shearwaters, Petrels, Albatross and Raptors.  All 
of the species, with the exception of the Raptors, have a diet that predominately 
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consists of fish and have a history of interactions with some commercial fishing 
operations due to their capacity to dive to up to 15 metres into the water chasing 
prey. 
 
DPIRD has been catching, tagging and releasing large sharks for over 15 years, 
using techniques similar to those proposed for the SMART drumline trial.  During this 
time there have not been any direct interactions with seabirds and the shark fishing 
gear.  Most sea bird interactions in commercial fishing operations relate to purse 
seine and long line operations, where the birds become entangled in nets or fishing 
gear. 
 
The proposed SMART drumline trial will be using very heavy fishing gear designed 
to catch large sharks, including a large 20/0 size hook.  A large fish bait, such as 
Australian Salmon or Sea Mullet, weighing at least one kilogram will be used.  The 
baited hook will sit approximately three metres below the surface of the water. 
 
Potential Impact and Mitigation 
Interaction - Given the weight of the fishing gear being employed, the bait will sink 
very quickly.  This will significantly reduce the capacity for a sea bird to directly 
interact with the fishing gear.  In addition, all used bait will be retained on board so 
as to reduce the potential for sea birds to habitually follow the contractor’s vessel 
seeking food.  While an interaction is not likely, should a bird be captured by a 
SMART drumline, advice will be sought from DBCA and mitigation strategies 
implemented as necessary. 
 
4.2.2 Mammals 
 
In addition to the threatened and migratory marine mammals identified in Tables two 
and three, a number of other marine mammals (predominately whales and dolphins) 
may occur in the area of the proposed SMART drumline trial. 
 
An analysis of the Queensland shark control program, which involves both 
conventional drumlines and shark mesh nets, found that while the drumline catches 
of marine mammals was low, the survival rate was high, likely due to the ability of the 
hooked animals to reach the surface of the water to breathe (Sumpton et al., 2011). 
 
4.2.2.1 Cetaceans 
 
The south west coast is a known migratory path for a number of threatened whale 
species including the blue, southern right and humpback whales, predominately 
between April and November each year (Jenner et al. 2001;  DEC, 2013).  Migrating 
whales have occasionally been entangled in commercial and recreational fishing 
gear, predominately rock lobster pots that have excessive rope attached and floating 
horizontally in the water column or on the surface of the water. 
 
How et al. (2015) noted that the water depths of 38 to 54 metres have the highest 
number of whale entanglements.  It is proposed that the SMART drumlines are set 
500 metres offshore, in water depths of approximately 10 to 30 metres.  While the 
majority of the migration occurs well offshore, the potential for interactions has been 
considered as part of this assessment. 
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Sumpton et al. (2011) noted that whale entanglement was a relatively uncommon 
occurrence in the Queensland shark control program (involving both conventional 
drumlines and shark mesh nets) and rarely resulted in mortality. 
 
Potential Impact and Mitigation 
Entanglement: The configuration of the SMART drumlines proposed to be used in 
the trial includes the use of negatively buoyant rope to connect the drumline anchor 
to the surface of the water.  The use of negatively buoyant rope during whale 
migration periods has seen the number of reported whale entanglements in fishing 
gear reduced by approximately 60% (How et al. 2015). 
 
Should a whale or other protected species become entangled in a SMART drumline, 
it is highly likely that it would cause an alert to be triggered.  Once triggered, the 
contractor will have to be on site at that drumline within 30 minutes.  Once activated 
the location of the SMART drumline is communicated to DPIRD and the contractor 
every six minutes.  Notwithstanding the alerts, the contractor will also be required to 
physically check each of the SMART drumlines, at a minimum, every three hours. 
 
Given the dangerous and unpredictable nature of disentanglement operations, the 
contractor will not attempt to disentangle the animal.  The contractor will contact 
DBCA, the agency equipped to deal with disentanglement operations. 
 
4.2.2.2 Pinnipeds 
The main areas of pinniped (seal and sea lion) importance are to the north (Cape 
Naturaliste haul out area) and south (islands near Augusta) of the proposed SMART 
drumline trial area.  These areas include Hamelin Island, Sugarloaf Rock, the Saint 
Alouran Islands and Cape Naturaliste (DEC, 2013).  The size and design of the hook 
to be used, combined with the use of a large, dead fish bait make it unlikely that a 
pinniped will become hooked.  The 2014 lethal drumline trial undertaken by the 
(then) WA Government operated in identified haul out areas in the south west.  The 
capture of a pinniped was considered unlikely in that trial and consistent with that 
none were captured during that trial (DPC, 2014). 
 
Potential Impact and Mitigation 
Hooking or entanglement: The SMART drumlines are proposed to be set, monitored 
and retrieved each day.  The contractor will be required to be on site at a drumline 
within 30 minutes of receiving an alert and the position of the SMART drumline will 
be communicated every six minutes.  Noting the response times and the evidence 
from the 2014 lethal drumline trial, no additional measures will be put in place to 
directly deal with pinniped interactions.  Should an interaction occur, advice will be 
sought from the DBCA.  Additional mitigation strategies will be considered at that 
time. 
 
4.2.3 Sharks 
 
The catch composition of elasmobranch (sharks and rays) and teleost (fish) fauna of 
demersal longline and gillnet fisheries operating along the west and south coasts has 
been well documented (McAuley and Simpendorfer, 2003).  The species of 
elasmobranch observed along the section of coast between Cape Naturaliste and 
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Cape Leeuwin are shown in table four.  These species represent the most likely 
elasmobranch bycatch species during the proposed SMART drumline trial.  Catches 
recorded during the 2014 lethal drumline trial mostly comprised of tiger sharks and 
very low numbers of shortfin mako sharks (DPC, 2014). 
 
Table 6: List of elasmobranch species observed by researchers on board vessels of 
the commercial demersal gillnet and longline fisheries operating in an area between 
Cape Naturaliste and Cape Leeuwin between 1994 and 1999 as reported in McAuley 
and Simpfendorfer (2003). 
 

Common name Species Name 

Dusky shark Carcharhinus obscurus 

Whiskery shark Furgaleus macki 

Port Jackson shark Heterodontus portusjacksoni 

Sandbar shark Carcharhinus plumbeus 

Smooth hammerhead Sphyrna zygaena 

Gummy shark Mustelus antarcticus 

Longnose Grey/Spinner shark Carcharhinus brevipinna 

Copper shark  Family Orectolobidae 

Banded wobbegong Orectolobus ornatus 

Western wobbegong Orectolobus sp. 

Eagle ray Family Myliobatidae 

Spotted wobbegong Orectolobus maculatus 

Angel shark Family Squalinidae 

Pencil shark Hypogaleus hyugaensis 

Blue shark Prionace glauca 

Saw shark Family Pristiophoridae 

Shortfin mako Isurus oxyrinchus 

Cobbler wbbegong Sutorectus tentaculatus 

Grey Nurse shark Carcharhinus taurus 

Thresher shark Family Alopiidae 

Shovelnose/Fiddler ray Families Rhinobatidae & Rhynchobatidae 

Blacktip (whaler) Carcharhinus limbatus/tilstoni 

Manta ray Family Mobulidae 

Stingray Family Dasyatidae 

Tiger shark Galeocerdo cuvier 

Dogfish Family Squalidae 

 
4.2.3.1 White sharks 
The white shark (Carcharodon carcharias) occurs from the central Queensland 
coast, around the south coast of Australia to North West Cape in WA.  The white 
shark is listed as a vulnerable species under the EPBC Act and is afforded protection 
under that legislation and the FRMA.  White sharks are a highly mobile species, 
inhabiting cool to subtropical waters around the world, generally in waters in excess 
of 50 metres. 
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White sharks can be found off the southern and lower west coast of WA throughout 
the year, but are more common off the lower west coast during spring and early 
summer and least likely to be present during late summer and autumn (McAuley et 
al. 2017).  Despite this, no predictable patterns of white shark movements have been 
found off WA, be it following whale migrations or visiting areas around seal colonies. 
 
Genetic and shark tagging data have indicated that there are two distinct populations 
of white sharks in Australia (the eastern and southern western), separated by Bass 
Strait.  The southern western population extends from eastern Victoria to North West 
Cape in WA.  Historic estimates of white shark populations have been based on 
commercial fishing data.  With the protection of white sharks in the late 1990’s, the 
amount of relevant and accurate commercial fishing data on the species decreased. 
 

The Commonwealth Scientific and Industrial Research Organisation (CSIRO) has 

created novel genetic and statistical techniques to estimate the size of the white 

shark populations.  Using these techniques, the southern western population was 

estimated to be 1,500 adult white sharks with an uncertainty range of 750 to 2,250 

(Bruce et al. 2018).  Using additional genetic information, the total eastern white 

shark population was estimated to be approximately 5,500 white sharks with an 

uncertainty range of 2,909 to 12,802. 

 

While the CSIRO report did not provide an estimate of the total southern western 

white shark population, as there were double the number of adult white sharks in that 

area compared to the eastern population it is likely that the total number of white 

sharks will be greater than that of the eastern population.  Given the geographical 

range of the southern western population, even if the total southern western white 

shark population was known, it is not possible to determine the number of white 

sharks that might reside in WA waters at any one time. 

 

Potential Impact and Mitigation 
The proposed SMART drumline trial is being undertaken to determine the 
effectiveness of SMART drumlines as a potential non-lethal shark hazard mitigation 
measure.  DPIRD has a long history of tagging and releasing large white sharks 
alive.  It is proposed that SMART drumlines will be set, monitored and retrieved each 
day.  The contractor will be required to be on site at a drumline within 30 minutes of 
receiving an alert. 
 
An assessment of the shark’s health will then be made and tags attached.  Where 
there are serious concerns for the health of the shark or the capacity to safely 
relocate a shark, a shark may be released on site.  Of the 294 white sharks caught in 
NSW SMART drumline operations, only two died post release.  The use of pop up 
satellite archival tags on white sharks caught during the proposed SMART drumline 
trial will provide valuable data to aid in determining any level of post release 
mortality. 
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4.2.4 Reptiles 
 
The EPBC protected matters report identified four species of sea turtles that are 
known to occur in the vicinity of the proposed SMART drumline trial area 
(Loggerhead, Green, Leatherback and Flatback turtles).  While the population 
centres of these turtles occurs in sub-tropical and tropical waters to the north, they 
have been observed in the temperate waters of the proposed trial (Prince, 1994; 
Prince, 2000).  They are present in these cooler southern waters is as solitary 
individuals and not in permanent breeding populations (S. Whiting pers. comm, 
2018).   
 
Of the four species of turtle identified, only three are known to occur regularly in 
coastal waters along the south west coast of WA (Green, Hawksbill and Loggerhead 
turtles) (S.Whiting pers. comm, 2018). Hawksbill and Loggerhead turtles have been 
observed or found washed up on beaches as far east as Esperance and there are 

resident individual green and loggerhead turtles as far south as Perth (32S latitude) 

and Bunbury (33S), respectively (S. Whiting pers. comm, 2018).  With these factors 
in mind, this assessment has broadly considered the impact of the proposed SMART 
drumline fishing on sea turtles, but does not contemplate any potential disruption to 
breeding cycles. 
 
An assessment of the Queensland shark control program found that the survival of 
sea turtles caught or entangled in both conventional drumlines and shark mesh nets 
was approximately 75% (Sumpton et al. 2011).  For drumlines specifically, between 
1992 and 2008 there were 170 Loggerhead, 15 Green and four Leatherback turtles 
caught on conventional drumlines in Queensland with survival rates of 96%, 93% 
and 75% respectively (Sumpton et al. 2011). 
 
Potential Impact and Mitigation 
There is a risk of a sea turtle being hooked on a SMART drumline.  While some sea 
turtles occur in the south west region, the Queensland drumline program has a high 
survival rate of those turtles hooked (Sumpton et al. 2011).  Following the receipt of 
an alert from a SMART drumline, the SMART drumline operator will be required to 
be on site at that drumline within 30 minutes.  This should increase the survival rate 
further in comparison to the Queensland lethal drumline program. 
 
4.2.5 Other marine fauna 
 
The EPBC protected matters report identified a number of Syngnathid species 
(Pipefish and Seahorses) as occurring in the vicinity of the proposed SMART 
drumline trial.  As Syngnathids inhabit reef and sea grass areas they will not be 
impacted by the proposed fishing activities.  While the setting of SMART drumlines 
and VR2 receivers may have a short term minimal and localised habitat impact, the 
level of impact is no greater than rock lobster fishing operations which are permitted 
in the majority of the Marine Park.  With this in mind the impact on Syngnathids has 
not been considered as part of this assessment. 
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Potential Impact and Mitigation 
While no potential impacts have been identified, on-going monitoring during the 
program will identify if this situation changes.  If this occurs, the impact will be 
assessed and management measures applied (as required). 
 
4.3 Benthic Communities and Habitat 
 
The marine and coastal environments of the Leeuwin-Naturaliste marine bioregion 
are of high conservation and social value as recognised in the final report of the 
Marine Parks and Reserves Selection and Working Group (CALM, 1994) and 
subsequently by the gazettal of the Marine Park (DEC, 2013).  The proposed 
SMART drumline trial area is within the Cape Naturaliste to Cape Mentelle section of 
coast that is representative of this unique temperate marine bioregion.  This coast is 
characterised by high finfish diversity and a complex geomorphology with an array of 
intertidal and subtidal reef environments. 
 
The deep reef communities (>10 m) comprise of a range of reef dependent plants 
and animals that are adapted for survival in this high energy coast which may also 
be influenced by strong currents. The high relief limestone and granite reefs of these 
deeper subtidal reefs are dominated by macroalgal species such as Ecklonia and 
Sargassum and have more predatory finfish species as opposed to shallower 
subtidal reefs (DEC, 2013).  While there are significant areas of seagrass within the 
marine park these are situated in more protected waters to the east of Cape 
Naturaliste rather than the exposed western coast of the marine park (DEC, 2013).  
 
Potential Impact and Mitigation 
The setting of SMART drumlines and VR2 receivers has the potential to cause some 
minor, localised impact on benthic habitat.  A licence is required from DBCA to 
permit their deployment within the Ngari Capes Marine Park.  DBCA has provided 
advice regarding the rigging and placement of drumlines and VR2 receivers in order 
to mitigate potential impacts.  Wherever possible drumline units and VR2 receivers 
will be set on sand substrates, which will aid in the retrieval of those units as 
required.  VR2 receivers set on sand are often enveloped by sand or quickly covered 
in marine growth (see picture below) 
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4.4 Social Environment 
 
The coastal town of Gracetown lies within the Shire of Augusta Margaret River and 
has a permanent population of 296 (ABS, 2018).  Gracetown falls approximately 
mid-way along in the proposed SMART drumline trial area.  The land adjacent to the 
proposed trial area is vested in either the Shire of Augusta Margaret River or DBCA. 
 
The beaches around Gracetown are very popular with surfers, with a number of 
world class surfing events taking place each year, including the Margaret River Pro.  
Cowaramup Bay provides a relatively sheltered beach environment that is popular 
with swimmers and snorkelers.  SMART drumlines will not be set in the surf zone. 
 
It is proposed that SMART drumlines are set in the vicinity of some surf breaks.  
While there is no evidence to suggest that drumlines attract sharks to a particular 
area, there is a perception that this is the case.  Rather, the bait is designed to 
intercept those sharks already in the vicinity of the drumline.  The bait proposed for 
use is similar to that used in both commercial and recreational rock lobster pots that 
are used throughout the trial area.  The trial proposes the addition of an extra 10 bait 
sources, spread across approximately 11.5 kilometres of coast.  McPhee (2012) 
determined that the use of baited hooks did not attract sharks into an area because 
the distance at which sharks are sensitive to olfactory stimuli (smell) is measured in 
hundreds of metres (Dudley et al., 1998) 
 
Shark hazard mitigation strategies generate significant community interest, both 
domestic and international.  In developing potential strategies, it is clear that there is 
no one “silver bullet” to deal with the issue.  In addition, there is no one strategy that 
will have the support of all of the community.  With this in mind the WA Government 
is committed to being guided by science in identifying potential strategies wherever 
possible. 
 
Potential Impact and Mitigation 
While there does not appear to be a direct impact, there is a perception issue.  It is 
proposed that throughout the trial a range of communications strategies will be 
employed to keep people informed on the progress of the trial. 
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4.5  Summary of Management Responses 
 
Table 7:  Summary of responses to identified impacts 
 

Factor Environmental 
Objective 

Potential 
Impacts/Risks 

Action Required Management Measures 

Marine Fauna 

Birds To protect marine 
fauna so that biological 
diversity and ecological 
integrity are maintained 

No changes to marine 
bird populations or 
impact on breeding 
predicted 

Direct interactions will 
be recorded and, where 
necessary, reported as 
required by regulations 

No specific management required.  
Review should interactions occur. 

Mammals To protect marine 
fauna so that biological 
diversity and ecological 
integrity are maintained 

Whale entanglement in 
SMART drumlines. 

Direct interactions will 
be recorded and 
reported as per 
regulatory requirements 

Negatively buoyant rope to hang 
vertically in the water column.  A 
response to alerts within 30 
minutes.  Tracking of SMART 
drumline unit location every six (6) 
minutes. Restrict SMART drumline 
locations to 500 metres from the 
coast in water depths less than 30 
metres. 

Sharks To protect marine 
fauna so that biological 
diversity and ecological 
integrity are maintained 

No change to shark 
populations predicted 

All shark captures will 
be recorded and all 
sharks tagged, at a 
minimum, with an ID 
tag.  High survival rates 
are expected. 

A response to alerts will occur 
within 30 minutes.  Tracking of 
SMART drumline unit location 
every six (6) minutes. 

Reptiles To protect marine 
fauna so that biological 
diversity and ecological 
integrity are maintained 

No change to reptile 
populations or breeding 
cycles predicted  

Direct interactions will 
be recorded and 
reported as per 
regulatory 
requirements.  High 

A response to alerts will occur 
within 30 minutes.  Tracking of 
SMART drumline unit location 
every six (6) minutes. 
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Factor Environmental 
Objective 

Potential 
Impacts/Risks 

Action Required Management Measures 

survival rates expected 
if hooked. 

Other Marine 
Fauna 

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

No changes to 
populations or breeding 
cycles predicted 

Direct interactions will 
be recorded and, where 
necessary, reported as 
required by regulations 

No specific management proposed 

Benthic Habitats and Communities 

SMART 
Drumlines 

To protect benthic 
communities so that 
biological diversity and 
ecological integrity are 
maintained 

Possible localised, 
minor impacts on the 
sea floor 

Set on sand substrate 
wherever possible 

No specific management proposed 

VR2 
Receivers 

To protect benthic 
communities so that 
biological diversity and 
ecological integrity are 
maintained 

Possible localised, 
minor impacts on the 
sea floor.  Impact 
similar to existing 
lobster pot fishing 

Set on sand substrate 
wherever possible 

No specific management proposed 

Social Surroundings 

SMART 
drumlines 

To protect social 
surroundings from 
significant harm 

Setting SMART 
drumlines near popular 
surf breaks 

Known interactions with 
surfers will be 
recorded. There is no 
evidence to suggest 
drumlines attract 
sharks. 

SMART drumlines will not be set 
inside a surf zone. Community 
awareness campaign.  Monitor the 
potential for interactions. 
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5. Stakeholder Consultation 
 
Consultation has been undertaken with a range of stakeholders in planning for the 
proposed SMART drumline trial.  It is proposed that continued engagement occur 
through direct community engagement programs, the Ministerial Reference Group 
and Scientific Advisory Group. 
 
Table 8:  Summary of stakeholder consultation 
 

Stakeholder Consultation Date Comments 

Department of 
Biodiversity, Conservation 
and Attractions 

Various meetings and 
communications from 
24/08/18 to date 

The proposed SMART drumline 
trial will take place in the Ngari 
Capes Marine Park.  DBCA is the 
lead agency for dealing with 
whale entanglements 

DPIRD Animal Ethics 
Committee 

Various meetings and 
communications 
between 31/08/18 and 
December 2018 

Approval for the project given.  
Project AEC 18-5-14 

New South Wales 
Department of Primary 
Industries 

Numerous 
communications from 
August 2018 to date 

General advice on the ongoing 
NSW SMART drumline program 

Cape Regional 
Organisation of Councils 

Briefing on 31/08/18 Cape ROC consists of the City of 
Busselton and Shire of Augusta 
Margaret River 

Environmental Protection 
Authority 

Pre-referral meeting 
07/09/18 follow up 
communications 

Project proposal and potential 
impacts presented 

Chief Scientist of Western 
Australia 

Various meetings and 
communications from 
12/09/18 to date 

The Chief Scientist will be 
undertaking an independent 
review of the proposed SMART 
drumline trial after 12 months and 
provide recommendations to 
Government 

Community Consultation 13/09/18 to 10/10/18 176 submissions were received.  
Outcomes of the consultation 
process were incorporated into 
the project design.  Further detail 
is provided at 6.1 

Commonwealth 
Department of the 
Environment and Energy 

Meeting 10/10/18 and 
numerous 
communications since 

Overview of the proposed trial.  
Only a self assessment against 
the EPBC Act requirements will 
be required 

Ministerial Reference 
Group 

Meetings on 16/10/18, 
29/11/18 and 19/12/18 

The Ministerial Reference Group 
will meet throughout the trial 
period.  Further detail provided 
below.  Comments have been 
incorporated into the project 
design as necessary.  Further 
detail is provided at 5.1 
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5.1 Community Consultation Process 
 
The WA Government undertook a four week public consultation process regarding 
the locations of SMART drumlines as part of the proposed trial and satellite linked 
(VR4G) acoustic receivers in the Cape to Cape region (not directly linked to the 
proposed trial).  The consultation took the form of an online interactive map and 
associated survey.  Paper based surveys were also made available in Gracetown 
and via the Sharksmart website.  One hundred and sixty one (161) survey responses 
were received and 27% of respondents stated that they lived in the Shire of Augusta 
Margaret River. 
 
Respondents were given two options for proposed locations for SMART drumlines.  
The first option proposed four groups of three SMART drumlines, positioned 500 
metres offshore to cover major surf breaks in the area.  The second option consisted 
of ten SMART drumlines set 500 metres offshore and spread evenly along the 
approximate 11.5 kilometre proposed trial area.  Fifty seven percent of respondents 
supported the second option and this is the model proposed for the trial. 
 
Some of the repeated comments regarding the SMART drumline trial included: 

 a broader, more even, spread of drumlines was preferable; 

 concerns regarding the potential for SMART drumlines to attract sharks closer 
to shore; 

 requests to move the SMART drumlines further offshore; 

 concerns regarding the response times to hooked shark alerts; and 

 a desire to extend the trial to areas such as Esperance and Mandurah. 
 
5.2 Reference Groups 
 
The Minister for Fisheries has established a Ministerial Reference Group (MRG) with 
key stakeholders to provide feedback on the design, implementation and progress of 
the proposed SMART drumline trial.  The MRG comprises of representatives from 
Surf Life Saving WA, Conservation Council of WA, Sea Shepherd, Surfing WA, Shire 
of Augusta Margaret River, DPIRD and DBCA (observer). 
 
Consistent with the WA Government’s commitment to the implementation of 
evidence and science based shark mitigation strategies, the Minister for Fisheries 
has formed a Scientific Advisory Panel (SAP).  Chaired by the WA Chief Scientist, 
the SAP has been formed to provide advice on the effectiveness of new shark 
mitigations technologies and scientific research into white shark populations, 
movements and behaviours in WA.  The University of Western Australia Oceans 
Institute, WA Marine Science Institute, Curtin University Centre for Marine Science 
and Technology and DPIRD are represented on the SAP. 
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DRAFT Research Proposal  

Project Title: Movement patterns of white sharks (Carcharodon carcharias) 

relocated during a non-lethal SMART™ drum line trial in south-western 

Australia  
  

Background  
Human encounters with sharks are uncommon and rarely result in injuries, however shark bites can have 

traumatic consequences for those involved, their families, friends and affected communities (Curtis et al., 2012).  

Between 2000 and 2018 there were 70 injurious shark encounters in coastal waters of Western Australia (WA) 

of which 15 were fatal (Australian Shark Attack File 2018). The most recent 11 fatalities, all of which involved 

white sharks, took place over a 6-year period between August 2010 and April 2017. Despite the annual frequency 

of such encounters in WA being highly variable and low since official records began, there has been an increasing 

trend since the 1970s (West, 2011; DoF, 2012; McPhee, 2014). There is a need to address this trend.    

 

Consequently, during this recent period of increased frequency of white shark bites and encounters along the 

WA coast, the State Government of Western Australia adopted various shark mitigation strategies designed to 

reduce the likelihood of shark-human encounters (see https://www.sharksmart.com.au/).    These strategies 

included the development of a dedicated Shark Response Unit in 2012, whose primary roles include maintaining 

an acoustic tagging and receiver program for predominantly white sharks in WA waters. When a tagged shark is 

detected by satellitelinked receivers in coastal waters, the public are alerted in real-time through websites and 

text messages, thus allowing them to make informed decisions on where they undertake water-based activities.   

 

The initial approach also included a focus on research to help better understand the complex and dynamic 

interactions between shark and human abundance, distribution and behaviours that contribute to white shark 

bites (DOF 2014; McPhee, 2014; Chapman and McPhee, 2016; McAuley et al., 2017) and use this knowledge 

within a framework of shark hazard mitigation strategies.  Data derived from research aligned to this program 

has resulted in a deeper understanding of the movement ecology of white sharks in coastal waters of WA 

(McAuley et al., 2016; McAuley et al., 2017). 

 

In Australia there have been shark control programs in place in both NSW and Queensland for decades (McPhee 

2012) in response to public concerns about hazards posed by sharks.  These programs use large mesh nets and 

baited hooks on drumlines (QLD only) close to popular beaches.  There is also an ongoing program of shark mesh 

nets used along part of the east coast of South Africa.  The drumline method was trialed at two locations in 

Western Australia in 2014 but this was not continued as an ongoing method of shark hazard mitigation.    

 

The effectiveness of mesh nets and drumlines in reducing injury due to sharks remains unclear from a statistically 

testable perspective, in part due to the rarity of occurrences.  Nonetheless, in comparing long periods of before 

and after mesh-based shark control programs in Queensland, New South Wales and South Africa Dudley (1997) 

found that “the apparent successes of the programs in reducing total numbers of shark attacks at meshed 

beaches are impressive”.  The reductions in catch rates of sharks led Dudley to conclude that the programs work 

by reducing the numbers of sharks in an area and then continually harvesting any new immigrants that come 

into an area to keep numbers down.  In his review, McPhee (2012) concurs that if shark nets and drumlines are 

effective it is through reducing numbers of sharks in an area as neither method actually forms a barrier between 

the coast and the open ocean. The basic premise is to reduce shark numbers, and thereby the probability of an 

encounter between a shark and a water user near a beach (Dudley, 1997).  McPhee further noted that shark 

attacks have been recorded from beaches where shark nets are deployed so while such programs reduce risk 

they do not eliminate it.  Although these shark control programs are generally considered to have improved the 

safety of people in the water (McPhee, 2012), they are not environmentally sensitive and there are concerns 

with mortality of bycatch of non-target species including iconic animals of high social value (i.e. whales, dolphins, 
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turtles).  There is also community concern with mortality of sharks caught in mesh nets and drumlines given the 

premise that effectiveness as a stand-alone mitigation method is based on reducing the numbers of potentially 

dangerous sharks.  

 

One innovative response to the need for better environmental outcomes for target and nontarget species in the 

context of shark hazard mitigation in oceanic waters is the SMART (SharkManagement-Alert-in-Real-Time) 

drumline, which is intended to be non-lethal. This method was first deployed as part of a shark mitigation 

strategy at Reunion in the southern Indian Ocean.  The system uses a baited hook, as for traditional drumlines, 

but has an added communication buoy tethered to the drumline that detects when a bait is taken and 

immediately alerts personnel via phone.  This initiates an immediate response with the aim to reach the drumline 

before the shark (or bycatch) dies. The State Government of NSW implemented a trial of a modified version of 

SMART drumlines in 2015, with target sharks tagged and relocated 1 km from shore  

(https://www.dpi.nsw.gov.au/fishing/sharks/management/smart-drumlines).     

 

The Government of Western Australia will implement a trial of this technology in order to determine whether 

it could be integrated into the suite of ongoing shark hazard mitigation strategies in WA.  Because the SMART 

drumline method is designed to be non-lethal, it’s application when combined with live-release of sharks after 

relocation offshore is not intend to reduce the local shark population over a long period as is the case with 

traditional drumline and beach mesh programs. Rather, the SMART drumline aims to provide a short term 

reduction in shark numbers by removing them from near surf beaches, thereby decreasing the likelihood of 

encounters.  The challenge from a hazard mitigation perspective is demonstrating how long a relocated shark 

remains away from beaches and how does this translate into a change in risk levels to water users.   

 

Aim: To determine the short term, fine-scale movement patterns of white sharks (Carcharodon carcharias) 

captured and relocated in a non-lethal SMART drumline trial in the Gracetown region of south-western 

Australia.     

  

Materials and Methods  

SMART Drumline trial  
The daily deployment and servicing of SMART™ drumlines will be undertaken by a commercial contractor to 

the Department of Primary Industries and Regional Development. They will be provided with a detailed 

Operational Guide which outlines all operational components of the drumlines, notifications and data 

recording required for the program. Below is a synopsis of this information. A dedicated compliance program 

and onboard-observer program will enforce compliance with the guidelines.   

 

Capture, tagging and relocation of white sharks  
A series of 10 SMART™ drumlines will be deployed for 15 months to capture white sharks at designated sites 

near popular surfing locations in the vicinity of Gracetown, Western Australia (Figure 1). The configurations of 

SMART drumlines near Gracetown were selected for this trial to allow rapid response by vessel(s) that will 

service the drumlines. Drumlines will be located approximately 500 m from shore with the aim of capturing 

white sharks close to beaches and will be equally spaced along an 11.5 km section of coast spanning 14 

popular surfing breaks (Figure 2). The DPIRD white shark tagging program in WA demonstrated significantly 

higher catch rates of white sharks only in areas of significant potential attractants such as decomposing whale 

carcasses than for areas without these attractants present (DPIRD unpublished data). McPhee (2012) 

determined that the use of baited hooks did not attract sharks into an area because the distance at which 

sharks are sensitive to olfactory stimuli (smell) is measured in hundreds of metres (Dudley et al., 1998). It is 

therefore unlikely that drumlines, which comprise a single baited hook, will elevate the attraction of white 

sharks to the area.  
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Drumlines will be deployed within one to two hours after sunrise and retrieved at least two hours before 

sunset each day (weather permitting). Retrieval two hours before sunset aims to provide sufficient time to tag 

and release any captured sharks and any other captured animal before dark. The vessel will undertake patrols 

every 3 hours between SMART drumline locations throughout the day to check if rebaiting is required. In order 

to ensure the welfare of sharks and any other captured animal, the distance covered by the entire array of 

SMART drumlines was determined such that 30 minutes will be the maximum response time following 

detection of a capture. The operator will be alerted to a capture of an animal through an SMS sent from the 

SMART drumline unit.  

 

Upon a shark being captured and the vessel arriving at the site, the shark is secured alongside the vessel using 

thick soft rope with a quick release shackle at one end. Each shark is secured alongside the vessel using two 

ropes. One rope is positioned in front of one pectoral fin and behind the other, this secures the shark without 

placing undue pressure on its gill area. The tail rope is applied next, generally requiring a boat hook, or similar, 

to lift/pull tail to vessel. For large sharks the vessel may be gently eased into gear to lift the sharks body and 

tail to the surface, whilst ensuring that the propellers do not come in contact with the shark or ropes. During 

the tethering process, the shark is positioned to ensure its head, gills and bulk of its body remains submerged. 

This permits water to pass over the sharks’ gills and does not place undue stress on the sharks’ body. At this 

stage the shark will be tagged using the various tagging techniques (see below).   

 

Once tagging is complete, the hook will be removed. The technique for hook removal will vary depending on 

the hooking location. The preferred method is to undo the shackle and pull hook through, however, a long 

handled hook remover or pliers may be used to push the hook out. The final option is to leave the hook in the 

mouth if it is unable to be safely removed. This can be achieved by cutting the wire at the eye of the hook, or if 

unable to safely reach the eye of the hook, the wire is cut and crimped at the end to prevent the wire 

unravelling and injuring the shark.  

 

Captured white sharks will be relocated to an area 500 m directly offshore from their point of capture or point 

of eventual tagging if gear has moved (approximately 1 km from shore; Figure 1). However, the welfare of the 

shark and crew are paramount, and as such the distance moved may be reduced due to either the condition of 

the white shark or prevailing conditions and time of day. Procedures for safely securing large white sharks to 

the side of a vessel for the purpose of tagging have been developed by DPIRD staff. This procedure will inform 

the most appropriate method by which to relocate the white shark taking into account among other variables, 

the size of shark and weather conditions at the time. DPIRD staff will join the vessel crew for the first month 

(or 30 - 40 days of gear deployment) to provide training on tagging and handling of live white sharks as well as 

in relocation and data collection procedures.   
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Figure 1 Gracetown array, with 10 SMART™ drumlines (orange squares), release areas (orange shaded) 

acoustic receivers (VR2W; green and VR4G; yellow) with their associated potential detection ranges (350m; 

dotted lines) and locations of sentinel transmitters (blue stars) relative to known surfbreaks within the Ngari 

Capes Marine Park and its associated zoning  
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Figure 2 Location of arrays adjacent to the Gracetown array in south-western Australia. Acoustic receivers 

(VR2W; green and VR4G; yellow) and locations of sentinel transmitters (blue stars) relative to known 

surfbreaks within the Ngari Capes Marine Park and its associated zoning are shown.  

Tagging  
White sharks captured as part of the drumline trial will be tagged with three complimentary external tags, 

each with different levels of data provision and tag longevity. The three tag types are; pop-up satellite archival 

transmitting (PSAT) tags, acoustic transmitters and a unique identifying (spaghetti) tag. Each shark captured 



APPENDIX 1 

32 
 

will be tagged with a unique identifying (spaghetti) tag, with all white sharks having an additional acoustic 

transmitter attached. Finally, ~20 white sharks will be fitted with pop-up satellite archival tags. The acoustic 

and PSAT tags will be antifouled (Propspeed™) to reduce fouling, drag and impact on the tag insertion site.  

Pop-up satellite archival transmitting tags (PSAT)  
PSAT tags have been used frequently to track the movements of white sharks in various oceanic regions (e.g. 

Bruce et al 2006; Francis et al 2015; Skomal et al 2017). The tag model used was the miniPAT from Wildlife 

Computers Ltd. PSAT tags record and archive data on depth, temperature, acceleration and light-level which, 

along with positional data from acoustic tags, can be used to provide geo-locational data (Hill and Braun 2001; 

Teo et al. 2004) as well as dive profiles and habitat utilization information. These data are stored in the tag, 

and should the tag be retrieved full data sets can be downloaded. However, the primary mode of data retrieval 

is through satellite transmission of summary data sets (e.g. time-at-temperature and time-at-depth histograms 

as well as depth-temperature profile summaries and depth corrected dawn and dusk light level curves) 

through the Argos ™ satellite system when the tag releases from the shark and floats to the surface. Release of 

the tag from the shark can be pre-programmed, but can also occur independently based on constant depth, 

rapid increase in temperature (tag ingestion) or when depth exceeds 1400 meters. These features aid in tag 

recovery should a mortality occur resulting in the shark remaining on the sea floor, or sinking to depths which 

would result in crushing of the tag. These mortalitytriggered functions will be particularly informative if a shark 

is not again detected by acoustic receivers as these tags will provide information on whether sharks survive the 

translocation process.  

 

Previous shark tracking studies using PSATs have used two to six-hour time bins for collating data for 

transmission (Sims et al. 2003, Campana et al. 2009, Carleson et al. 2010) and similar durations will be used in 

this study. Deployment duration of PSATs can be variable depending on programing and animal behaviour, 

though previous studies have seen average tracking times of 30 days (bull sharks; range 9-85 days; Carlson et 

al. 2010) and 61 days (blue sharks; range 5-210 days; Campana et al. 2009). It is therefore envisaged that 

deployment of PSATs on captured white sharks should provide sufficient duration to determine their 

movement patterns in the ~90 day maximum period following relocation.   

 

Smart position or temperature transmitting (SPOT) tags were not selected in this study as the < 2 km positional 

accuracy of these satellite tags (Boyd & Brightsmith, 2013) is not suitable for the finescale movement criteria 

of the current design.   

 

Acoustic Transmitters  
Vemco ™ V16-6H acoustic transmitters will be externally attached via 1.6mm diameter 316 grade stainless 

steel wire rope tethers to sharpened, titanium anchors. The anchors will be embedded in sharks dorsal 

musculature using applicator needles mounted on aluminum tagging poles [adapted from McCauley et al. 

2016; 2017] (Figure 3). Before attachment, the transmitter will be activated and tested to ensure that it is 

working. This is done by placing the transmitter near a VR100 acoustic receiver such that it is able to record 

the transmission. The contractor will photograph the VR100 display to prove a valid signal has been received 

by the transmitter prior to attachment.   

The coded transmission (emitted randomly between 70 and 150 seconds after the preceding transmission) 

from these tags will be recorded by in-range VR2W and VR4G acoustic receivers, providing a date-time location 

of the tagged white shark. Consolidation of all detections of the white shark will provide movement 

information adjacent to and within the five arrays (Figure 1 & Figure 2). Although this type of external 

attachment can result in tags being lost (“shed”) over time due to normal shark behavior, studies have 

demonstrated they can be rapidly applied and still remain attached long enough to provide short- to medium 

term data (Hammerschlag et al., 2011; Jepsen et al., 2015), such as is required in the present study.   
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Figure 3 Positioning of the yellow identification tag (anterior) and acoustic transmitter (posterior) inserted 

adjacent to the shark’s dorsal fin  

Unique Identifying (spaghetti) Tag  
A yellow plastic “spaghetti” tag (Hallprint™) will be attached at the base of the shark’s dorsal fin using a tag 

applicator (Figure 3 and 4) for future visual recognition and a long-term record of the sharks’ unique identity. 

Data on movement is only obtained should the shark be recaptured, though its long-term retention should 

provide information over longer temporal scales than the PSAT and acoustic tags.   

  

Figure 4 A yellow identification (spaghetti) tag and tag applicator  

Data Collection  
Data collection on captured white sharks will be recorded by the vessel crew and transferred to DPIRD staff for 

collation, validation and entry. Data recorded will include (but not limited to);  

o Date, time and location of capture (from SMART drumline) o Date and time of vessel 

arriving at the SMART drumline (response time) o Date, time and location of release 

(handling time)  

o Size (length and width), sex (to add to biological database and population 

knowledge)  

o Hooking (mouth / gut)  

o Tag numbers for pop-up satellite tag, acoustic tag and dart tag o Genetic sample (fin 

clip) to add to population knowledge.  

A sample data sheet containing full details of data recorded is provided in Appendix 1.   

Should other species of shark, or other fauna be captured they will be released as quickly as possible at the 

point of capture. Approximate lengths of shark species other than white sharks will be recorded as part of the 

bycatch data set.   
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Acoustic Tracking  

Range testing and monitoring of acoustic performance for   
Due to significant temporal variation in transmitter performance (How & de Lestang 2012), a range test will be 

conducted at inshore and offshore locations around Gracetown to determine the acoustic range of the 

transmitters to be used in the tracking of white sharks. The range test will be conducted once a field schedule 

is determined to permit a greater range of environmental conditions to be sampled across to inform 

appropriate receiver spacing. Once receiver spacing has been determined from the range test, nine sentinel 

tags will be incorporated into the acoustic arrays to determine the actual level of coverage between adjacent 

receivers throughout the study (Figure 1).   

 

The following array designs were based on a nominal detection range of 350 m, resulting in a total of 125 

VR2W receivers being located across five regions (Table 1).  

Table 1 Number and type of acoustic receivers located in each of the five arrays deployed between  
Cape Naturaliste and Cape Leeuwin  

Region  VR2W  VR4G  Total  

Three Bears  15    15  

Yallingup  10  1  11  

Indjidup  14    14  

Gracetown  66  3  69  

Prevelly  20    20  

TOTAL  125  4  129  

Acoustic Arrays  
The waters surrounding the relocation area are enclosed by an array of 46 Vemco ™ VR2W acoustic receivers. 

There are two lines which run parallel to the coastline at 500 m and 2 km from shore, with receivers 

completing the “box” running offshore at the northern and southern ends. There are also an additional two 

lines of four VR2Ws located 1 km to the north and south of the ends of the Gracetown array. Within the “box” 

there are six other pairs of receivers which, when combined with adjacent inshore and offshore receivers, form 

a “gate” within the array. These receivers running offshore within and adjacent to the “box” serve as “double 

gates” and provide the ability to determine directional movement (Heupel et al. 2006) of white sharks within 

and leaving the array in a northerly or southerly direction. Finally, the Gracetown array will contain two VR4G 

acoustic receivers located offshore of North Point and South Point and a third VR4G receiver offshore from the 

Lefthanders surfbreak (Figure 1).  

 

The south-western array also comprises an additional 59 VR2W receivers within four arrays located offshore of 

surf breaks in the vicinity of Prevelly, Indjidup, Yallingup and Three Bears (Figure 2, Table 1) and an additional 

VR4G receiver within the Smiths Beach array (Figure 2).   

 

Acoustic Data Retrieval  
The VR4G provide near real-time data by transmitting acoustic detection data via satellite to researchers. 
VR2Ws are a passive acoustic receiver, which will be downloaded and serviced every three to four months. 
Receivers in shallow waters (< 30 m) will be serviced by SCUBA, while the remaining receivers (> 30 m) will be 
retrieved by ROV.   
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Data Analysis  

Movement  
Analysis of location and detection data will depend on the quality and quantity of data collected through the 

two data provision tagging types (acoustic tags and PSATs). Likely analyses are outlined below.  

 
Acoustic movements  
Acoustic data provides the date/time of a transmitter (individual shark) detection on a particular receiver. 
Through combining all detections of a transmitter across all receivers and their associated locational data an 
individual’s movement patterns can be reconstructed. The use of multiple “gates” within the Gracetown array 
(Figure 3) will allow their movements following relocation to be determined. Due to the higher density of 
acoustic receivers within the Gracetown array, there is the potential for more detailed analysis. If an 
acoustically tagged shark remains within the Gracetown array for an extended period of time, activity centres 
may be determined through the use of utilisation distributions, typically estimated via kernel-density 
estimators. Kernel activity centres may be generated and, depending on the duration of time within the 
Gracetown array, these may be examined at various time scales (e.g. day vs night, between days).    
 
PSAT movements  
Light-derived position estimates from the PSATs are known to have large geolocation errors (Nielsen et al., 
2006) and will be processed using a state-space model such as Kalman filter (KF) estimation (Sibert et al., 2003) 
which assumes that the movement track follows an underlying random walk. As the tags also collect 
temperature data, the position estimates will also be processed using a KF state-space model that incorporates 
sea surface temperature (SST). This method will also require an independent reference satellite derived SST 
data set available across the study area such as MODIS. The state-space models using KF estimation (with or 
without SST) can be implemented in R software using the package KFSST (Nielsen and Sibert, 2005) and have 
been demonstrated to be effective at improving reconstruction of movement patterns (Wilson et al., 2007).  

 

Mortality  
Campana et al. (2009) demonstrated the effectiveness of determining shark mortality using PSATs through 

highlighting the constant depth and temperature of sharks which were dead on release, or died shortly after 

release. Similar techniques will be used to determine post-release mortality for captured white sharks. 

Generalised linear models (GLM) and survival analysis will be considered to assess the impact of any 

explanatory variables on the probability of post-release mortality of tagged sharks, as used in other studies 

(Campana et al 2009). However, the current sample size (n=20) may be insufficient for this type of statistical 

analysis. Therefore, a qualitative analysis of mortalities will also be performed with regard to response and 

handling times, the shark’s demography (sex / size), the type of hooking (mouth / gut) and condition of shark 

on release to inform any future SMART drumline programs.    

 

Hazard Mitigation  
Movement information derived from the aforementioned techniques will be used to inform the possible 

effectiveness of the SMART™ drumline programs for mitigating risk from sharks.  The critical factor in 

determining whether there has been a reduction in risk to water users by relocating a shark offshore is 

whether that shark returns to near the coast and how quickly that happens.  A quick return equates to minimal 

risk reduction from that shark, while a longer period to return equates to a better level of risk reduction in 

relative terms.  Changes in risk in terms of movements of relocated sharks are therefore highly location- and 

time-dependent.  The determination of change in risk will be informed by the data collected so it is not 

possible to be prescriptive regarding analyses at this time. 

 

Appendix 1      WA DPIRD - SMART Drumline Trial 2019  
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Date     Conventional tag          No:    

Fishing Gear  Colour:    

Smart buoy no:    Tagger name:    

Time hooked (24 h):    Side of Shark:  L or R  

Time boat arrived (24 h):    Acoustic tag (check no) ID    

Time secured at boat (24 h):    Tagger name:    

Damage to fishing gear?  

Y       or      N  

Side of Shark:  L or R  

(put where in comments)  PSAT tag (check no) No    

Shark Details / Inspection  Serial #:    

Shark Number:    Tagger name:    

Species:    Side of Shark:  L or R  

Anatomical hooking 

location:  
“LC”  “RC”  “Top”  

“Bottom” “Swallowed”  
Samples    

Anatomical hooking 

location:  

“Jaw” or “Flesh”  Genetic fin clips( x 2):  Y       or      N  

Damage to shark?  
Y       or      N  

Sampler name:    

(put where in comments)  Photos taken:  Y       or      N  

Sex:    Video taken:  Y       or      N  

Jaw width (cm):    Release location    

Pre-caudal Length  
(cm):  

  Latitude     

Fork Length (cm):    Longitude     

Recapture  Y       or      N  Distance offshore (m):    

Recapture Number    Water depth (m):    

Recapture Scaring  Y       or      N  Hook removed:  Y       or      N  

    

    

    

    

    

If “N” above, was hook or trace cut    

Release condition (1-3)    

Time released (24 h):    

 Comments:  

  

References  

Australian Shark Attack File (2018) Australian shark attack file annual report. Annual report summary for 2018. 

(Taronga Conservation Society Australia, Sydney. NEW, Australia.) Available at 

https://taronga.org.au/conservation/conservation-science-research/australian-sharkattackfile/2018 

[Verified 09 November 2018].  



APPENDIX 1 

37 
 

Boyd, J. D., & Brightsmith, D. J (2013) Error Properties of Argos Satellite Telemetry Locations Using Least 

Squares and Kalman Filtering. PLoS ONE 8(5): e63051  

Bruce, B. D., Stevens, J. D. & Malcolm, H. (2006) Movements and swimming behaviour of white sharks 

(Carcharodon carcharias) in Australian waters. Marine Biology 150:161–172  

Campana, S. E., Joyce, W. & Manning, M. J. (2009) Bycatch and discard mortality in commercially caught blue 

sharks Prionace glauca assessed using archival satellite pop-up tags. Marine Ecology Progress Series. 387: 

241–253  

Carlson, J. K., Ribera, M. M., Conrath, C. L., Heupel, M. R. & Burgess, G. H. (2010) Habitat use and movement 

patterns of bull sharks Carcharhinus leucas determined using pop-up satellite archival tags. Journal of 

Fish Biology 77: 661–675  

Chapman, B. K. & McPhee, D. (2016). Global shark attack hotspots: Identifying underlying factors behind 

increased unprovoked shark bite incidence. Ocean & Coastal Management 133, 72-84. 

Curtis, T. H., Bruce, B. D., Cliff, G., Dudley, S., Klimley, A. P., Kock, A., Lea, R. N. & Lowe, C. G. (2012). 

Responding to the risk of White Shark attack. Global Perspectives on the Biology and Life History of the 

White Shark. CRC Press, 477-510.  

DoF (2012). A correlation study of the potential risk factors associated with white shark attacks in Western 

Australian waters. November 2012. Fisheries Occasional Publication No. 109, 2012 Department of 

Fisheries, Perth. Western Australia.  

Dudley, S. F. J (1997) A comparison of the shark control programs of New South Wales and Queensland 

(Australia) and KwaZulu-Natal (South Africa). Ocean & Coastal Management 34(1):1-27  

Dudley, S. F. J, Haestier R. C., Cox, K. R. & Murray, M. (1998) Shark control: experimental fishing with baited 

drumlines. Marine and Freshwater Research 49:653–61  

Francis, M. P., Duffy, C. & Lyon, W. (2015). Spatial and temporal habitat use by white sharks (Carcharodon 

carcharias) at an aggregation site in southern New Zealand. Marine and Freshwater Research 66, 900-

918.Hammerschlag, N., Gallagher, A. & Lazarre, D. (2011). A review of shark satellite tagging studies. 

Journal of Experimental Marine Biology and Ecology 398, 1-8.  

Hill, R.D. & Braun, M.J. (2001) Geolocation by light level, the next step: latitude. In: Electronic Tagging and 

Tracking in Marine Fisheries Reviews: Methods and Technologies in Fish Biology and Fisheries. J.R. Sibert 

& J.L. Nielsen (eds) Dordrecht: Kluwer Academic Press, pp. 315–330.  

How, J.R. & de Lestang, S. (2012) Acoustic tracking: issues affecting design, analysis and interpretation of data 

from movement studies Marine and Freshwater Research, 63: 312–324 Heupel, M. R., Semmens, J. M., & 

Hobday, A. J. (2006). Automated tracking of aquatic animals: scales, design and deployment of listening 

station arrays. Marine and Freshwater Research 57: 1–13  

Jepsen, N., Thorstad, E. B., Havn, T. & Lucas, M. C. (2015). The use of external electronic tags on fish: an 

evaluation of tag retention and tagging effects. Animal Biotelemetry 3, 49.  

McAuley, R., Bruce, B., Keay, I., Mountford, S., Pinnell, T. & Whoriskey, F. (2017). Broad-scale coastal 

movements of white sharks off Western Australia described by passive acoustic telemetry data. Marine 

and Freshwater Research 68, 1518-1531.  

McAuley, R., Bruce, B., Keay, I., Mountford, S. & Tania, P. (2016). Evaluation of passive acoustic telemetry 

approaches for monitoring and mitigating shark hazards off the coast of Western Australia: Department of 

Fisheries, Government of Western Australia.  

McPhee, D. (2012).Likely effectiveness of netting or other capture programs as a shark hazard mitigation 

strategy in Western Australia. Fisheries Occassional Publication No 108, 212.  Department of Fisheries, 

Perth. Western Australia.  

McPhee, D. (2014). Unprovoked Shark Bites: Are they becoming more prevalent? Coastal Management 42, 478-

492.  



APPENDIX 1 

38 
 

Nielsen, A., Bigelow, K. A., Musyl, M. K. & Sibert, J. R. (2006). Improving light‐based geolocation by including 

sea surface temperature. Fisheries Oceanography 15, 314-325.  

Nielsen, A. & Sibert, J. (2005). KFSST: an R-package to efficiently estimate the most probable track from light-

based longitude, latitude and SST. Available at http://www.soest.hawaii.edu/tagdata/tracking/kfsst.  

Sibert, J. R., Musyl, M. K. & Brill, R. W. (2003). Horizontal movements of bigeye tuna (Thunnus obesus) near 

Hawaii determined by Kalman filter analysis of archival tagging data. Fisheries Oceanography 12, 141-

151.  

Sims, D. W., Southall, E. J., Richardson, A. J., Reid, P. C. & Metcalfe, J. D. (2003) Seasonal movements and 

behaviour of basking sharks from archival tagging: no evidence of winter hibernation. Marine Ecology 

Progress Series. 248: 187–196  

Skomal, G. B., Braun, C. D., Chisholm, J. H. & Thorrold, S. R. (2017) Movements of the white shark Carcharodon 

carcharias in the North Atlantic Ocean. Marine Ecology Progress Series. 580: 1–16  

Teo, S. L. H., Boustany, A., Blackwell, S., Walli, A., Weng, K. C. & Block, B. A. (2004) Validation of geolocation 

estimates based on light level and sea surface temperature from electronic tags Marine Ecology Progress 

Series. 283: 81–98  

West, J. G. (2011). Changing patterns of shark attacks in Australian waters. Marine and Freshwater Research 62, 

744-754.  

Wilson, S., Stewart, B., Polovina, J., Meekan, M., Stevens, J. & Galuardi, B. (2007). Accuracy and precision of 

archival tag data: a multiple‐tagging study conducted on a whale shark (Rhincodon typus) in the Indian 

Ocean. Fisheries Oceanography 16, 547-554.  

 



APPENDIX 2 

39 
 

Appendix 2:  Captures in the NSW SMART drumline program 

Location Trial Period No. of 
SMART 
Drumlines 

White 
shark 

Bull 
shark 

Tiger 
shark 

Target Shark 
Survival Rate 

Non Target Animals Non Target 
Survival Rate 

Coffs Harbour to 
Sawtell 

6 months (Aug 
2017 – Feb 
2018) 

10 16 0 18 100% Sharks 
Dusky Whaler – 12 
Grey Nurse - 3 
Shortfin Mako -1 
Smooth Hammerhead – 1 
Other 

Black Ray - 1 

100% 

Forster/Tuncurry 6 months (Aug 
2017 – Feb 
2018) 

10 65 0 2 100% Sharks 
Dusky Whaler – 6 
Silky – 1 
Thresher -5 
Smooth Hammerhead – 1 
Bronze Whaler - 4 

100% 

Kiama and Shell 
Cove 

6 months (Nov 
2017 – May 
2018) 

10 1 0 9 100% Sharks 

Dusky Whaler – 5 
Shortfin Mako -3 
Smooth Hammerhead – 2 
Other 

Black Ray - 2 

100% 

Ulladulla and 
Narrawallee 

6 months (Dec 
2017 – May 
2018) 

10 3 0 2 100% Sharks 
Dusky Whaler – 12 
Shortfin Mako -2 
Smooth Hammerhead – 2 
Bronze Whaler - 1 

100% 

Ballina to Lennox 
Head 

Ongoing 
(December 
2016-) 

 93 7 10 98.9% Sharks 
Smooth Hammerhead - 18 
Common Blacktip - 13 
Dusky Whaler – 12 
Greynurse – 5 
Shortfin Mako – 2 
Spinner – 1 
Whaler – 1 
Sandbar – 1 
Other 
Loggerhead turtle – 1 
Black Marlin – 1 

98.2% 

Evans Head Ongoing 
(December 
2016-) 

 116 2 2 99.1% Sharks 
Greynurse – 16 
Common Blacktip – 6 
Shortfin Mako – 2 
Dusky Whaler – 1 
Smooth Hammerhead – 1 
Other 
Black Ray - 1 

96.3% 

TOTALS   294 9 43 99.4% 148 98.6% 
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Appendix 3:  Map of the SMART drumline trial area with indicative locations for the 
VR2 acoustic receiver array 
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Appendix 4:  Map of Prevelly area proposed for VR2 acoustic receivers 
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Appendix 5:  Map of Injidup area proposed for VR2 acoustic receivers 
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Appendix 6:  Map of Yallingup area proposed for VR2 acoustic receivers 
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Appendix 7:  Map of Three Bears area proposed for VR2 acoustic receivers 
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Appendix 8:  South west shark monitoring network VR4 satellite linked acoustic receiver locations 
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Appendix 9:  Map of proposed SMART drumline locations 
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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.
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Listed Threatened Ecological Communities:

Listed Migratory Species:

None

Great Barrier Reef Marine Park:

Wetlands of International Importance:

Listed Threatened Species:

None
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None
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National Heritage Places:

Commonwealth Marine Area:

World Heritage Properties:

None

None

42

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.
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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

Australasian Bittern [1001] Endangered Species or species habitat
may occur within area

Botaurus poiciloptilus

Red Knot, Knot [855] Endangered Species or species habitat
may occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
may occur within area

Calidris ferruginea

Forest Red-tailed Black-Cockatoo, Karrak [67034] Vulnerable Species or species habitat
likely to occur within area

Calyptorhynchus banksii  naso

Baudin's Cockatoo, Long-billed Black-Cockatoo [769] Endangered Breeding known to occur
within area

Calyptorhynchus baudinii

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

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

Halobaena caerulea

Matters of National Environmental Significance



Name Status Type of Presence
area

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
known 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 Fairy Tern [82950] Vulnerable Breeding likely 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, Tasmanian 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

Mammals

Blue Whale [36] Endangered Species or species habitat
likely to occur within area

Balaenoptera musculus

Woylie [66844] Endangered Species or species habitat
likely to occur within area

Bettongia penicillata  ogilbyi

Chuditch, Western Quoll [330] Vulnerable Species or species habitat
likely to occur within area

Dasyurus geoffroii

Southern Right Whale [40] Endangered Breeding known to occur
within area

Eubalaena australis



Name Status Type of Presence

Humpback Whale [38] Vulnerable Congregation or
aggregation known to occur
within area

Megaptera novaeangliae

Australian Sea-lion, Australian Sea Lion [22] Vulnerable Species or species habitat
may occur within area

Neophoca cinerea

Western Ringtail Possum, Ngwayir, Womp, Woder,
Ngoor, Ngoolangit [25911]

Critically Endangered Species or species habitat
may occur within area

Pseudocheirus occidentalis

Other

Carter's Freshwater Mussel, Freshwater Mussel
[86266]

Vulnerable Species or species habitat
known to occur within area

Westralunio carteri

Plants

Giant Spider-orchid [56717] Endangered Species or species habitat
likely to occur within area

Caladenia excelsa

King Spider-orchid, Grand Spider-orchid, Rusty
Spider-orchid [7309]

Endangered Species or species habitat
may occur within area

Caladenia huegelii

Blue Tinsel Lily [7669] Critically Endangered Species or species habitat
may occur within area

Calectasia cyanea

Dwarf Hammer-orchid [56755] Vulnerable Species or species habitat
likely to occur within area

Drakaea micrantha

Butterfly-leaved Gastrolobium [78415] Endangered Species or species habitat
may occur within area

Gastrolobium papilio

Mountain Paper-heath [21160] Endangered Species or species habitat
may occur within area

Sphenotoma drummondii

Reptiles

Loggerhead Turtle [1763] Endangered Species or species habitat
known to occur within area

Caretta caretta

Green Turtle [1765] Vulnerable Species or species habitat
known to occur within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Breeding likely to occur
within area

Dermochelys coriacea

Flatback Turtle [59257] Vulnerable Species or species habitat
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

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Flesh-footed Shearwater, Fleshy-footed Shearwater
[82404]

Species or species habitat
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

Indian Yellow-nosed  Albatross [64464] Vulnerable Foraging, feeding or related
behaviour may occur within
area

Thalassarche carteri

Tasmanian 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 Species or species habitat
known to occur within area

Caretta caretta

Green Turtle [1765] Vulnerable Species or species habitat
known to occur within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Breeding likely to occur
within area

Dermochelys coriacea

Dusky Dolphin [43] Species or species habitat
may occur within area

Lagenorhynchus obscurus

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 Congregation or
aggregation known to occur
within area

Megaptera novaeangliae

Flatback Turtle [59257] Vulnerable Species or species habitat
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



Name Threatened Type of Presence

Sharp-tailed Sandpiper [874] Species or species habitat
may occur within area

Calidris acuminata

Red Knot, Knot [855] Endangered Species or species habitat
may occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
may 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
may 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

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

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

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
may occur within area

Calidris canutus

Curlew Sandpiper [856] Critically Endangered Species or species habitat
may occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species
Calidris melanotos

Other Matters Protected by the EPBC Act



Name Threatened Type of Presence
habitat may occur within
area

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

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

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

Bar-tailed Godwit [844] Species or species habitat
may 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 area

Motacilla cinerea

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
known to occur within area

Pachyptila turtur

Osprey [952] Breeding known to occur
within area

Pandion haliaetus

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



Name Threatened Type of Presence

Little Shearwater [59363] Foraging, feeding or related
behaviour known to occur
within area

Puffinus assimilis

Flesh-footed Shearwater, Fleshy-footed Shearwater
[1043]

Species or species habitat
likely to occur within area

Puffinus carneipes

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

Indian Yellow-nosed  Albatross [64464] Vulnerable Foraging, feeding or related
behaviour may occur within
area

Thalassarche carteri

Tasmanian 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] Breeding known to occur
within area

Thinornis rubricollis

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

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



Name Threatened Type of Presence

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

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

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
may occur within area

Neophoca cinerea

Reptiles

Loggerhead Turtle [1763] Endangered Species or species habitat
known to occur

Caretta caretta



Name Threatened Type of Presence
within area

Green Turtle [1765] Vulnerable Species or species habitat
known to occur within area

Chelonia mydas

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Breeding likely to occur
within area

Dermochelys coriacea

Flatback Turtle [59257] Vulnerable Species or species habitat
known to occur within area

Natator depressus

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 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

Dusky Dolphin [43] Species or species habitat
may occur within area

Lagenorhynchus obscurus

Humpback Whale [38] Vulnerable Congregation or
aggregation 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
Leeuwin-Naturaliste WA

Regional Forest Agreements [ Resource Information ]

Note that all areas with completed RFAs have been included.

Name State
South West WA RFA Western Australia

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

Common Starling [389] Species or species habitat
likely to occur within area

Sturnus vulgaris

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

Feral deer species in Australia [85733] Species or species habitat
likely to occur within area

Feral deer

House Mouse [120] Species or species
Mus musculus



Name Status Type of Presence
habitat likely to occur within
area

Rabbit, European Rabbit [128] Species or species habitat
likely to occur within area

Oryctolagus cuniculus

Black Rat, Ship Rat [84] Species or species habitat
likely to occur within area

Rattus rattus

Pig [6] Species or species habitat
likely to occur within area

Sus scrofa

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

Buffel-grass, Black Buffel-grass [20213] Species or species habitat
may occur within area

Cenchrus ciliaris

Boneseed [16905] Species or species habitat
likely to occur within area

Chrysanthemoides monilifera subsp. monilifera

Flax-leaved Broom, Mediterranean Broom, Flax Broom
[2800]

Species or species habitat
likely to occur within area

Genista linifolia

Montpellier Broom, Cape Broom, Canary Broom,
Common Broom, French Broom, Soft Broom [20126]

Species or species habitat
likely to occur within area

Genista monspessulana

Broom [67538] Species or species habitat
may occur within area

Genista sp. X Genista monspessulana

African Boxthorn, Boxthorn [19235] Species or species habitat
likely to occur within area

Lycium ferocissimum

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

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



- 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.
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