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INTRODUCTION 

 
Between 25 January and 30 April 2014 the Western Australian Government (the Government) 
managed the implementation of a trial shark control drum line program. Following the trial program, 
the Government now proposes to set up to 72 baited drum lines, of which 60 will be at 
approximately 1km offshore of selected high use swimming beaches and surf breaks within 
designated Marine Monitored Areas (MMAs) in the metropolitan and south west coastal regions of 
Western Australia (the Proposal). The proposed action will take place between 15 November and 
30 April for a period of three years, commencing 15 November 2014 and ceasing on 30 April 2017, 
after which the program will be subject to review. The Proposal also contains a provision for 
responding to identified shark threats and incidents within all Western Australian waters at any 
time, including the temporary deployment of drum lines until 30 April 2017. 
 
Following the referral of the three year Proposal to the Western Australian Environmental 
Protection Authority (EPA) and to the Commonwealth Department of the Environment (DoE) for 
assessment, the Government submitted a Public Environmental Review (PER) to the EPA.  
 
The PER was subject to a four week public submissions process which was open from 9 June to 7 
July 2014. In accordance with 10.2.6 of the Environmental Impact Assessment Administrative 
Procedures 2012, the Department of the Premier and Cabinet (DPC), as proponent on behalf of 
the Western Australian Government, has prepared the Government’s response to the summary of 
public submissions provided by the EPA. Responses to submissions received the Department of 
Parks and Wildlife (DPaW) and the Marine Parks and Reserves Authority (MPRA) and an 
independent peer review from CSIRO commissioned by the EPA, are also provided. 
 
A number of submissions were made in support of the program, with many offering useful 
references and advice including direction on improved animal handling techniques. The 
Government is appreciative of the level of balanced consideration shown for the program and has 
taken on board the references provided.  It is also noted however that a number of abusive and in 
some cases threatening submissions were received. It is hoped that, following consideration of the 
responses provided to a significant number of issues in this document, that the Government’s 
consideration of all facets of the policy and the issue of public safety in relation to shark attack will 
be evident. 
 
While the PER, proposing a further three year program for drum line deployment, was open for 
public submissions, the Government’s “Review of the Western Australian Shark Hazard Mitigation 
Drum Line Program 2013-14” (the Review) was also available for download. The Review 
considered the 14 weeks of the trial drum line program, assessed catch data, addressed criticisms 
of the program, discussed alternatives, provided a comparison of shark control programs both in 
Australia and overseas and concluded with a list of recommendations for a future program. The 
Review is referenced a number of times in this Response to Submissions document and is still 
available for download at the DPC website at www.dpc.wa.gov.au. 
 
The Department of Fisheries (DoF) is acknowledged for key contributions to the PER and to the 
responses to submissions contained in this document. No changes to the PER or the key 
characteristics of the proposal are being suggested as a result of the response to submissions. 
The Management Plan is being progressed however and a significant amount of information will be 
included in the final version including details on a possible gear selectivity trial, acceptable catch 
levels, trigger points and contingency measures and more detailed information on animal handling 
protocols and contractor training and research opportunities. 
 
The Government remains confident that the proposal meets the environmental objectives of the 
EPA and is not expected to result in unacceptable or unsustainable impacts on marine fauna. 
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RESPONSE TO PUBLIC SUBMISSIONS 

 

1. The Proposal 
 
1.1 Justification 
 

1.1.1 Submissions contend that the PER has not provided evidence to sufficiently justify the 
need for the proposal in order to enhance public safety for water users. In doing so, 
submitters have highlighted the following: 

• That the Department of Fisheries (DoF) commissioned paper, Likely effectiveness of 
netting or other capture programs as a shark hazard mitigation strategy in Western 
Australia (McPhee 2012), recommended against the use of netting or mixed netting/drum 
line programs on the grounds of environmental impacts. 

• That the proposal does not consider relevant hook-only (including drum lines) examples 
from: 

o Hawaii that showed no improved safety outcomes despite a 16 year long line 
program that captured nearly 300 tiger sharks a year (comparable to the 
expected take of tiger sharks in WA’s program) (Wetherbee et al. 1994); and 

o Queensland beaches where only drum lines are used. Submitters contend that 
shark-related fatalities in Queensland have declined in both areas with and 
without drum lines, with the steepest rates of decline before their installation. 
Further, it is considered that the effectiveness of drum lines in Queensland is 
difficult to evaluate as the rates of attack before and after their deployment are 
both very low and 83% of drum lines are deployed at locations where a fatal 
attack has never occurred (Meeuwig 2014). 

 
DPC Response 
The PER includes a comprehensive description of the Government’s overall Western Australian 
Shark Hazard Mitigation Strategy which includes a broad range of non-lethal measures introduced 
over time to address the risk of shark attack in Western Australia. The strategy represents a 
commitment by the Government of over $22 million and demonstrates an inherent desire to employ 
non-lethal methods of shark hazard mitigation. However, following the deaths of seven people in  
three and half years it was clear that further measures were required. The Government looked to 
other jurisdictions and developed a drum line program to be deployed off high use metropolitan 
and south west beaches and surf breaks aimed at peak usage times of the year.  
 
While it is accepted that McPhee (2012) recommended against the establishment of a shark 
control program in Western Australia on environmental grounds, the analysis in this study was 
based primarily on the impact of netting. Discussion of the impact of drum lines on non-target 
species focussed on the capture of turtles in Queensland. The mostly northern distribution of 
turtles in Western Australia is such that they are not common in the locations where the drum lines 
are to be deployed (Environment Australia 2003). The measures taken during the drum line trial to 
avoid or minimise environmental impacts of the program, such as the use of approximate 25/0 
circle hooks and monitoring the lines between 0600 and 1800 seven days a week, address many 
of the potential environmental impacts discussed in McPhee (2012). Based on data from the drum 
line trial only eight non-shark species (seven rays and one north-west blowfish) were captured and 
all of these animals were released alive. It should be noted that Queensland does not publish data 
on (non-shark) bycatch from its shark control program. 
 
The shark control programs conducted in Hawaii are cited as an example of the inability of shark 
control programs to improve public safety outcomes. Six control programs of various intensities 
between 1959 and 1976 resulted in the capture of 2849 sharks. Standard long lines of 24 hooks 
per section were used in all but one of the programs to allow comparison of catch rates between 
programs. It should be noted that a substantial component of many of these campaigns was 
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research rather than risk abatement. Wetherbee et al. (1994) concluded that the programs did not 
appear to have had a measurable effect on the rate of shark attacks in Hawaii. In terms of 
effectiveness however, the Hawaiian programs which employed long lines and intermittent fishing 
campaigns, with some targeting of small sharks, cannot be compared with the Western Australian 
drum line program. The deployment of a series of static long lines offshore from high use areas in 
Hawaii were not designed to provide a barrier effect at select areas as is the design of the Western 
Australian program. 
 
The effectiveness of drum lines as a component of the existing Queensland Shark Control 
Program has also been questioned on the basis that the rate of fatalities before and after the 
deployment of drum lines are both very low, with 83% of drum lines deployed at locations where a 
fatal attack has never occurred (Meeuwig 2014). In considering the below graph taken from 
Meeuwig (2014), although the trend in the mean number of fatalities shows a slight decline prior to 
the introduction of the drum line program, the trend line then extended is inaccurate as it includes 
the low point of fatalities that was recorded after the implementation of the program (point in red). 
The trend line to show the decline in rate of fatalities before the implementation of the program 
should therefore be depicted with a much more gentle gradient. It is also important to note that the 
mean number of fatalities in Queensland has stabilised following the implementation of the shark 
control program and has never returned to the high levels of the 1920s. The fatality rate of 0.37 per 
year published in Meeuwig (2014) is still significantly lower than the average fatality rate of 1.1 per 
year for Australia (West 2011). The Queensland and Western Australian programs are focussed on 
public safety. Based on the unpredictable nature of shark attack, both jurisdictions have chosen to 
offer a level of protection by deploying drum lines in populated areas both with a history of shark 
attack and at places where there has not been an attack, rather than wait for a death or serious 
injury to occur. 
 

 
 
Meeuwig (2014) states that there are non-lethal techniques that can potentially achieve much 
better outcomes, however, no options are provided. Nonetheless, a discussion of non-lethal 
options and why they are currently unsuitable for Western Australia is provided in 1.2.1. 
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1.1.2 A number of submissions contend that the review of the shark drum line trial through 
Appendix 7 of the PER specifically did not ‘assess the efficiency of drum lines on public 
safety mitigation’. Submissions contend that the proposal cannot be justified if the 
proponent cannot demonstrate that the proposal will enhance public safety. 
 
DPC Response 
The trial program ran for 14 weeks. It is not possible to draw conclusions on the efficacy of the 
program in increasing public safety over such a short period of time. The Queensland and 
Kwazulu-Natal programs have decades of data on which to assess the efficiency and effectiveness 
of their programs. Both jurisdictions place strong confidence in the effect the shark control 
programs are having on public safety and are proactively incorporating drum lines into their 
programs (Queensland DPI, 2006) (Cliff & Dudley 2011). 
 
It is inherently difficult to assess the effectiveness of shark control programs, however this is not a 
reason for inaction. Although the short duration of the Western Australian trial precludes 
conclusions on the effectiveness of the program it is not a reason to suspend the program. While 
no further shark attacks cannot be guaranteed, data gathered over a three year program will add to 
the knowledge base of the effectiveness of shark control programs. It should be reiterated that 
research into non-lethal detection and deterrent technologies funded by the Government may 
provide complementary or alternative shark hazard mitigation options either within or at the end of 
the this three year period. 
 

 

1.1.3 Submissions contend that the proposal is not necessary because the risk of shark 
attacks is so low (McPhee 2012) and that most of the shark attacks have occurred in winter 
and spring when the drum lines are not proposed to be deployed (with eight of the most 
recent 10 fatalities occurring outside of proposed time of deployment). 
 
DPC Response 
While statistically the risk of shark attack is low, the rate of shark attack has been increasing. In a 
subsequent paper examining the prevalence of shark bites between 1982 and 2011 in 56 countries 
McPhee (2014) states that “…over the period examined, the total number of unprovoked shark 
bites and the numbers that were fatal increased in frequency”. West (2011) also provides data for 
Australia which show a rise in the incidence of shark attack from 6.5 incidents per year between 
1990-2000 to 15 incidents per year over the last decade and links this trend with human population 
growth. Both authors do however acknowledge that fatalities from shark bite still represent an 
infrequent hazard to people undertaking water based activities.  
 
What is significant is the increase in shark fatalities in Western Australia compared to historical 
levels. Western Australia experienced the third highest occurrence of fatal shark attacks in 
Australia in 100 years. In the last 10 years however, Western Australia has experienced the 
highest number of shark related fatalities in Australia with 10 fatal attacks. In the same time period, 
South Australia has recorded four fatalities, Queensland three, New South Wales two and Victoria, 
Tasmania and the Northern Territory experiencing no fatalities (Table 1). 
 
Table 1. History of Shark Attacks in Australia 

Shark Attacks Queensland New South 
Wales 

Western 
Australia 

South 
Australia 

Victoria Tasmania Northern 
Territory 

Last 100 Years 72 47 20 19 4 3 2 

Last 10 Years 3 2 10 4 0 0 0 

 
Ten fatal attacks have occurred in the last 10 years, seven of these in the last three and a half 
years. This unprecedented density of fatalities over a short period of time has had a significant 
impact on people’s perceptions of the ocean and their enjoyment of water based activities.  
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Despite an increasing number of attacks, the conclusion that the risk to individuals remains low, 
raises the question of what the community and Government should consider to be an acceptable 
level of risk of shark attack. An exercise in statistical analysis does not remove the Government’s 
duty of care to address the risk of shark attack. Crossley et al. (2014) have recently suggested that 
the low level of risk associated with the risk of shark attack cannot be reasoned with simple 
statistics and probability and that it is important to also look at psychological or emotional drivers of 
risk perception. In the case of shark attack, the consequence of the risk (e.g. the trauma 
associated with shark attack) outweighs the actual statistical risk or probability for most people. 
The low level of actual risk therefore does not justify taking no action.  
 
Scientific research provides useful advice and guidance to the Government but this advice must be 
viewed in the broader policy context of the Government’s obligations to protect the welfare of water 
users.  
 
With regard to most shark attacks occurring in winter, outside the period of proposed drum line 
deployment, it should be noted that of the 11 fatalities that have occurred in Western Australia 
since 2000, five have occurred between November and April. Sharks are still present in Western 
Australian waters during the summer months, as evidenced by the drum line trial, and this is when 
most people are using the ocean. The proposed drum line program aims to offer an additional 
measure of protection to water users in the peak usage months at popular beaches and surf 
breaks.  
 

 

1.1.4 Submissions contend that the PER does not present sufficient evidence to 
substantiate how the proposal would fulfil the other aim of the Program which is to restore 
confidence in the Western Australia’s tourism industry and enhance public safety. 
 
DPC Response 
Even though the risk of shark attack is low the consequences of an attack are high resulting in a 
disproportionate sense of unease among members of the public. Crossley et al. (2014) found that 
this skewed risk perception means that people are more worried about shark attack than drowning 
despite the greater number of fatalities through drowning. Public perceptions of shark attack have 
been driven by media coverage emphasising the risk of attack and visual depictions of attacks. 
Exposure to these articles and images reinforces a primal fear of sharks (Crossley et al. 2014). 
 
The long standing shark control measures in Queensland, New South Wales and South Africa 
were installed following heightened levels of fear of attack and a demand for shark control 
measures in those communities. These concerns have also resulted in community support for the 
installation of shark control programs more recently in Recife, Brazil and La Réunion. Following a 
number of attacks off of the coast of Durban, South Africa some small towns simply ceased to exist 
as inland tourists did not return, with Durban, which relies heavily on national and international 
tourism, also significantly affected. The introduction of the Kwazulu-Natal shark control program 
has seen the revitalisation of some of the small towns and a reversal of the negative impacts of 
shark attacks on the provincial economy. 
 
The complexity of the emotional response to the risk of shark attack makes it difficult to measure 
changes in public confidence arising from shark control programs. In Western Australia this is 
compounded by the short period of the 2013-14 trial and the overwhelming negativity promulgated 
by opponents to the program.  
 
Crossley et al. (2014) surveyed beach users in South Australia1 and New South Wales and 
respondents in both regions considered beach meshing to be more effective than aerial patrols. 
The demand in other jurisdictions and the confidence in shark control programs observed by 
Crossley et al. (2014) indicate that the Western Australian drum line program does have the 

                                                
1 The study found that beach users in South Australia were aware of shark control programs even though 
there is no meshing or drum line program in South Australia. 
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potential to increase the level of confidence of beach users. As discussed in section 4.4 of the 
PER, some stakeholders reported a re-installation of confidence following the deployment of drum 
lines in Western Australia, particularly in the south west region. Many reports referred to a level of 
comfort offered at seeing a vessel patrolling just beyond the surf breaks and relief that measures 
were being taken to address the presence of large and potentially dangerous sharks in close 
proximity to high use areas. Submissions received in support of the program also noted a level of 
confidence that had been restored to water users.  
 
As also discussed in section 4.4 of the PER, while it is not currently possible to quantify the exact 
impact of shark attacks on the economy, or the impact of introducing a drum lining program on the 
local economy, it should be considered likely that any further fatalities will have a significant 
bearing on interstate and international tourists’ decision to visit the State. The potential risks to the 
culture of Western Australians and their association with the ocean, and to local communities 
should future shark fatalities occur, should also be considered when deciding whether or not the 
program should be implemented or rejected. 
 

1.1.5 Submissions contend that the proposal will not achieve the objective of enhancing 
public safety because the sharks that are being targeted (whites and tigers) are migratory. 
Hence, removing some sharks with drum lines will not prevent other sharks from arriving at 
the Marine Monitored Areas (MMAs). 
 
DPC Response 
The objective of the Western Australian drum line program is not to target all white and tiger sharks 
migrating along the Western Australian coast. The design of the program is such that the drum 
lines are set approximately 1km offshore of popular swimming beaches and surf breaks to target 
large and potentially dangerous sharks that come into close proximity of populated areas.  
 
This design is similar to the shark control programs operating off beaches in Queensland on the 
east coast of Australia, and Kwazulu-Natal in South Africa. In Queensland and Kwazulu-Natal 
drum lines are set approximately 300-500m offshore of popular beaches, and in many places in 
conjunction with nets. Queensland currently has approximately 330 drum lines deployed along its 
coast and Kwazulu-Natal has approximately 76 drum lines deployed along the southern beaches, 
with an intent to replace more nets with drum lines along the northern beaches in the coming year. 
These shark control programs, which have been operating for decades, target potentially 
dangerous sharks that come into close proximity of populated areas for the purpose of public 
safety. 
 
The Government’s proposal to set up to 60 static drum lines between 15 November and 30 April 
for three consecutive years is significantly more conservative in time, space and design than the 
long standing shark control programs operating on the east coast of Australia or in Kwazulu-Natal. 
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1.2 Alternatives considered 

 

1.2.1 A number of submissions contend that the proposal does not adequately assess the 
use of scientifically supported, non-lethal alternatives including the South African Shark 
Spotter program and Brazil’s tag and remove program. In doing so submitters have 
highlighted the following: 

• That the Shark Spotters program in Cape Town, South Africa is an example of a program 
which utilises non-lethal methods and has been shown to be effective in reducing shark 
related incidents (Kock et al. 2012). 

• That the Brazil tag and remove program which uses long lines and drum lines to capture 
potentially aggressive sharks that are then transported and released offshore has 
reported a 97% reduction in shark attacks. Further the program has resulted in a lower 
mortality rate of about 30% for all potentially aggressive sharks (lower than the trial) and 
100% survival rate for protected species captured (Hazin and Afonso 2013). 

Submissions are therefore of the view that the proponent should have undertaken a 
detailed evaluation of the above program’s utility and applicability (in the PER under 
Alternatives considered) to the circumstances and conditions in the MMAs. Submitters 
have asked for trials of these programs to be undertaken in Western Australia, particularly 
in the south-west, with a view of avoiding and minimising lethal-methods of achieving the 
aim of the proposal. Submitters contend that such a program, combined with other existing 
programs such as the Shark Monitoring Network would provide an effective means of 
reducing the risk of shark attacks and also generate understanding of the distribution and 
movement of sharks. 
 
DPC Response 
Shark Spotters is a 2.5 million Rand per annum program that uses 26 people at eight beaches in 
five hour shifts observing white sharks from cliff and hill tops of between 50 – 100 metres.  It is a 
specific response to a specific issue in a specific location. The topography of the land around Cape 
Town lends itself to observing white sharks which swim close to the surface, in an area that has 
previously had a high number of white shark attacks. The key point of the spotter program is the 
elevated position, made possible by the topography of the coastline in the area. The Western 
Australian coastline is largely unsuitable for this kind of surveillance opportunity, noting as well that 
it has a very limited coverage and is resource intensive. The construction of ~20m high 
watchtowers, as has been suggested by some, was considered to be an ineffective alternative to 
the vantages offered by high cliff tops close to shore by member of the Shark Spotters program.  
 
In addressing the need for beach patrols and surveillance the Government has invested: 
 
• over $2 million per annum in aerial surveillance contracted through Surf Life Saving WA; 
• construction of a watchtower at the popular Cottesloe beach; and 
• research into acoustic and sonar detection systems. 
 
A number of jurisdictions have undertaken to release all sharks considered to be in a condition to 
survive, including potentially dangerous species. The Government considered the approach of a 
‘catch and release’ program, however concluded it to be inappropriate for dealing with captured 
sharks in Western Australia. Although data from tagged tiger sharks released in Brazil shows that 
the animals remain at a distance from the coast for a period of time (Afonso & Hazin 2014), there is 
also evidence that they return to other coastal areas. In considering public safety, determining 
acceptable release locations for potentially dangerous sharks is challenging and presents 
additional public liability risks. Moreover, transporting large sharks offshore is logistically difficult, 
with the additional stress placed on the animals from extended transport likely to lead to either 
mortality of sharks in transit, or decreased chance of post-release survival.  
 
With regard to the program undertaken in Recife, Brazil in addition to drum lines the program relied 
on extensive use of long lines and drum lines, with a total of approximately 280,000 hooks 
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deployed to cover only a 15 km coastline (Hazin & Afonso 2013). This compares to the 120km of 
coastline covered in the Marine Monitored Areas (MMAs) under the Western Australian proposal. 
While there was a significant decrease in shark attacks following the implementation of the shark 
control program in Recife, non-sharks accounted for 60% of the catch and the program reported a 
total mortality rate of all catch of between 22% and 25% (Afonso & Hazin 2014). It should also be 
noted that surfing was banned in the area that fishing was taking place which is likely to have had 
some impact on the reported decline in shark attacks. The Government has no desire to deploy 
long lines near areas of the coastline, and is equally unlikely to ban surfing off metropolitan and/or 
south west beaches.  
 
Worth noting also is some recent research presented by Holmes in Durban which found that most 
of the 18 tiger sharks caught and released in Queensland waters initially relocated to deeper 
waters, but often only for a week or so before returning to their ‘normal’ movement behaviour 
(Holmes 2014).  
 
While we must be cautious in using and interpreting research because conditions vary across 
jurisdictions, this research at least suggests the possibility that tiger sharks released offshore will 
not remain offshore. Releasing sharks therefore presents a significant risk and one that is 
unacceptable in the context of a public safety program, particularly in a program which is proposing 
to deploy drum lines for less than six months each year for only three years. 
 
 

1.2.2 Submissions contend that the Eco Shark Barrier Pty Ltd deployed at Coogee Beach 
has been shown to be successful during its deployment from December 2013 to April 2014. 
Submitters have therefore questioned why the proponent has not undertaken a detailed 
evaluation (in the PER) of its applicability in the proposed MMAs. 
 
DPC Response 
Beach enclosures provide a physical barrier that prevent sharks from entering an area without 
killing the sharks or other marine life. The Eco Shark Barrier company constructed a beach 
enclosure at Coogee Beach in December 2013 for a three month trial. The construction cost of the 
structure was in the order of $250,000. The 300-metre wide enclosure stretched 73 metres out into 
the water and was made of interlocking cross connectors constructed out of stretchable and 
durable engineering polymer held in place by a series of anchors and buoys. This trial was funded 
by the company and supported by the City of Cockburn. 
 
Prior to the construction of the Eco Shark Barrier at Coogee Beach the Government had conducted 
a study on the feasibility of beach enclosures, and provided $165,370 to the City of Busselton to 
construct a trial enclosure. In January 2014 an enclosure at Old Dunsborough in the State’s south 
west was constructed. The enclosure extended approximately 100 metres from the shore, ran 
parallel with the beach for 300 metres, and was constructed from heavy gauge netting. The 
specifications for the enclosure are similar to the low maintenance barriers used successfully on 
the Gold Coast in Queensland and are designed to prevent sharks from entering the area.  
 
Enclosures are most effective at low energy beaches and are therefore not suited to all coastal 
environments. It should also be noted that beach enclosures protect only swimmers and offer no 
protection to surfers. The enclosure at Old Dunsborough remained in place until the end of April 
2014. Initial feedback from the City of Busselton and beachgoers has been positive. 
 
The Government has commissioned a review of the Old Dunsborough trial and is considering 
potential opportunities for the deployment of similar beach enclosures at other low energy locations 
in Western Australia. Pending the outcome of the review, additional suitable areas for enclosures 
along the Western Australian coastline may be identified.  
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1.2.3 A number of submission contend that novel non-lethal alternatives including bubble 
curtains, underwater deterrents (noise and light), and shark repellents have not been 
sufficiently considered (in the PER). Submissions also request that further information is 
provided on any future trials and opportunities for implementation. 
 
DPC Response 
Much of the research currently being undertaken into non-lethal shark deterrent and detection 
technologies is being funded by the Government. Almost $2million has been committed to 
investigate bubble curtains, underwater deterrents such as flashing lights and sounds and personal 
shark repellents such as the SharkShield device. A table detailing the individual research projects 
currently funded by the Government was included at Appendix 3 of the Review of the Western 
Australian Shark Hazard Mitigation Drum Line Program 2013-14 (the Review) (available on the 
DPC website www.dpc.wa.gov.au) and is provided here for reference. The Government is 
responsible for management of the research grant contracts, and receives regular progress reports 
and updates as to the status of the research in each area. 
 
These technologies, and others that are being developed elsewhere, are still in the testing phase. 
While some show promise, no system is yet ready for confident take-up by the Government. It is 
hoped that at some point in the future options may become available to either complement or 
replace drum lines, however until more testing has been completed the Government is not 
prepared to replace drum lines with untested alternatives. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Western Australian Shark Hazard Mitigation Drum Line Program: 
Response to Submissions on the Public Environmental Review 

 Page 17 

Shark Detection 

Project Researcher Funding Description 

Sonar imaging and 
detection of sharks 

Curtin University 
Centre for Marine Science 
and Technology  
(Dr Miles Parsons) 

$273,468 
Evaluate the effectiveness of imaging 
sonar for underwater detection of 
sharks, identify the most likely 
detection method and create a 
framework for producing commercially 
viable shark detection. 

Advanced vision system 
for automatic shark 
detection and tracking 

University of Western 
Australia  
School of Computer Science 
and Software Engineering  
(Professor Mohammed 
Bennamoun) 

$203,234 Develop an advanced vision system 
for real-time automatic shark detection 
and tracking, by developing a novel set 
of advanced image processing 
algorithms. 

Development and 
testing of a low impact 
acoustic-based shark 
detection system. 

University of Western 
Australia  
School of Physics 
(Dr Shane Chambers) 

$252,417 
 

Develop and test a low impact 
acoustic-based shark detection 
system. 

Shark Deterrents 

Project Researcher Funding Description 

Development and 
testing of novel shark 
deterrents 

University of Western 
Australia 
Oceans Institute 
(Assoc Professor Nathan 
Hart) 

 

$222,221 
 

Develop and test novel shark 
deterrents including bubble curtains, 
underwater sounds and strobe lights. 

Testing and 
enhancement of existing 
shark deterrents 

University of Western 
Australia 
Oceans Institute 
(Professor Shaun Collin) 

 

$220,573 
 

Independently test and possibly 
enhance existing shark deterrents 
including electric devices, acoustic 
repellents and chemical repellents. 

Integrated surfboard 
electronic shark 
deterrent to protect 
surfers. 

Shark Shield Pty Ltd 
(Lindsay Lyon CEO) 

 

$300,000 
 

Develop and test an integrated 
surfboard electronic shark deterrent to 
protect surfers. 

Characterisation and 
masking of acoustic 
signatures of beach-
goers that may attract 
sharks. 

Curtin University 
Centre for Marine Science 
and Technology 
(Professor Christine Erbe) 

 

$130,124 
 

Characterise and mask acoustic 
signatures of beach-goers that may 
attract sharks. 

A case of a mistaken 
identity? Discovering 
the sensory cues that 
trigger shark attacks 

University of Western 
Australia  
Oceans Institute 
(Assoc Professor Nathan 
Hart) 

 

$284,620 
 

Discover the visual, electrical and 
hydrodynamic cues that trigger shark 
attack and develop specific design 
criteria for shark repellent or masking 
devices. 
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1.2.4 A number of submissions contend that increasing the coverage and intensity of a 
combination of mitigation measures which already are in place (detailed in the PER pp12-
15) such as aerial and surf patrols, monitoring of tagged sharks, education campaigns and 
warning signage should be evaluated against the use of drum lines. 
 
DPC Response 
As described in the Review of the Western Australian Shark Hazard Mitigation Drum Line Program 
2013-14 (the Review) (pp 6-7) the Government’s shark hazard mitigation strategies have evolved 
over a number of years, with a number of phases of expansions of aerial patrols in both time and 
space over a number of years, two rounds of funding provided to Surf Life Saving WA for jet skis, a 
number of phases of funding input and development of the Shark Response Unit and Research 
Divisions at DoF and phases of education campaigns undertaken including development of the 
‘BeachSafe’ smartphone application and the SharkSmart website. Despite all of this, the seventh 
fatality in three years occurred in November 2013. The Government did not consider the 
provisioning of a further round of funding to Surf Life Saving WA for even more extensive aerial 
patrols, funding the purchase of some more jet skis or commissioning extra beach signage to be 
reasonable responses to such an unprecedented spate of fatal shark attacks.  
 
None of the existing measures were removed or reduced, with research, aerial patrols etc. 
continuing as before. The drum line program is intended to complement these measures.  
 
Moreover, given the unpredictability of shark attack, and the lack of understanding  of the factors 
involved in these attacks, as well as the consequences associated with a further attack while 
potential trials of ‘one measure versus another’ are undertaken, a comparative evaluation of the 
effectiveness of shark hazard mitigation measures is considered to be neither necessary nor 
practical. 

 

1.2.5 Submissions strongly believe that further research needs to be done to identify 
alternative non-lethal measures of reducing shark attacks. 
 
DPC Response 
See 1.2.3 
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2. Marine Fauna 
 
2.1 Predicted impacts – White Shark (Target Shark) 
 

2.1.1 A number of submissions outlined that white sharks are globally threatened and are 
listed under the Convention on International Trade in Endangered Species of Wild Fauna 
and Flora (CITES) and that they are a listed migratory species under the Bonn Convention 
(CMS). As such, submitters do not support adding further pressure to white sharks. This is 
particularly relevant given the activity is a key threat detailed in the Recovery Plan for White 
Sharks (SEWPaC 2013). 
 
DPC Response 
The Government acknowledges the listing of the white shark under international treaties including 
CITES and the CMS, and has recently held discussions with the secretariat of the CMS. The 
Government also recognises the protection of white sharks in Australia under the Commonwealth 
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) and is aware that 
mortality related to shark control activities is one of several threats to white shark populations 
detailed in the Commonwealth Recovery Plan for the White Shark (the Recovery Plan).  
 
The importance of the Recovery Plan and the measures being taken to support the recovery of the 
species are valued by the Government. The Government’s Shark Monitoring Network (SMN) 
comprises 250 data recording and 24 satellite-linked real-time reporting devices. The program 
commenced in 2009 and more than 140 white sharks, 200 whaler sharks and 20 tiger sharks have 
been tagged with compatible acoustic transmitters. Since 2009, the satellite linked receivers have 
generated almost 700 detection alerts from which numerous beach closures have been instigated, 
contributing to beach user safety. The receiver network has benefited from additional government 
funding ($2.5million) and infrastructure roll outs which have significantly improved the number and 
geographic scale of both data logging and real-time receivers. This has not only provided an 
increase in real time detections, but also a unique dataset for white shark (and other shark 
species) movements around the south, south west and lower west coasts. Additional roll outs have 
taken place during the summer of 2013-14, supporting the importance the Government places on 
the receiver network. DoF is also actively involved in a further joint research project with CSIRO to 
address the lack of knowledge of the size and trend of white shark populations in southern and 
western Australia. This project will also aim to locate juvenile or nursery aggregation areas for 
white sharks to enable new genetic and electronic tagging techniques to be used.  
 
It remains however that the Government has a duty of care to the public of Western Australia. As 
acknowledged by the Commonwealth Minister for the Environment in his letter to the Western 
Australian Premier in granting a temporary exemption from Part 3 of the EPBC Act to permit the 
trial program between January and April 2014, public safety is a paramount consideration and the 
responsibility of all Governments. It is for reasons of public safety that Queensland and New South 
Wales choose to continue their long running shark control programs. The Government’s proposal 
to set up to 60 static drum lines between 15 November and 30 April for three consecutive years is 
significantly more conservative in time, space and design than the long standing shark control 
programs operating on the east coast. All programs however address the issues of public safety 
and economic interests, which are both considered within the definition of national interest. As 
noted by the Commonwealth Minister for the Environment ‘one does not have to agree with a 
policy to accept that a national interest exemption is warranted to protect against imminent threat 
to life, economic damage and public safety more generally’.  
 
The data and information collected during a three year program has the potential to add to the 
knowledge of shark species in south western Australia, including genetic sampling, shark presence 
data, local oceanographic data, telemetry, catch survivability, post release mortality and age and 
growth through mark re-capture. 
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2.1.2 A number of submissions contend that there is considerable uncertainty in the 
predicted catch rates for the white sharks because: 
 
DPC Response 
As a general response to the specific issues identified under this theme (which are responded to 
separately below), the Management Plan specifies that: 
 
1. Weekly catch data will be reviewed in the context of the risk assessment to verify catch data 

against predictions.  
2. Appropriate trigger criteria are to be discussed and agreed with the EPA and DoE as part of its 

ongoing development. 

These provisions will allow for contingency actions and an immediate review of the risks to be 
considered if actual catches exceed those predicted in the risk assessment. (Acceptable catch 
levels, trigger points and contingency measures are now detailed in the Plan at Sections 4.5, 4.6 
and 4.7 respectively). 

 

• of the variation and accuracy of predictions (<10) to actual number of white sharks 
caught for the shark drum line trial (0); 

• predictions were based in part on results of the trial which was shorter than the annual 
duration of the proposal (Nov-April); 

 
DPC Response 
The catch of zero (0) white sharks captured in the initial drum line trial was consistent with a 
prediction of less than 10. The nominal catch estimate of <10 white sharks (per year), as outlined 
in the PER, was based on qualitative comparison of the species’ catch rates in commercial and 
research fishing programs in the Marine Monitored Areas (MMAs) in these times of the year, and in 
consideration of marked differences in type and location of fishing gear used to generate those 
data.  
 

• south western coastal waters experienced high than historical temperatures during the 
trial (detailed in the PER); and 

 
DPC Response 
Yes, inter-annual changes in temperature, circulation patterns and other environmental variables 
have the potential to result in the number of actual catches varying between years. The anticipated 
number of less than 25 white sharks being captured over three years of the program, as presented 
in the PER, takes this potential annual environmental variation into account. In addition, the 
Management Plan has contingencies to deal with higher than expected catches. 
 

• the PER did not consider movement patters of the white shark and the fact that they are 
migratory species. 

 
DPC Response 
Movement patterns of white sharks in and beyond the MMAs are currently being investigated. In 
terms of the program’s possible local impacts on the population, ‘the fact that they are migratory 
species’ was clearly presented in the background section on white sharks in the PER. This 
population trait requires that impacts need to be examined at a population level and not a local 
level, which is the scale at which the risk assessment was completed. Similarly, the qualitative 
comparison of the species’ catch rates in commercial and research fishing programs in Western 
Australia that were used to generate the predictions (see above) have also included the fact that 
white sharks are highly migratory. 
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Given the above, submissions question whether the proponent has refined predictions, 
considered environmental conditions and temporal and movement variables in predicting 
catch rates for white sharks. 
 
DPC Response 
The predicted catches are based on qualitative comparison of the species’ catch rates in 
commercial and research fishing programs over a range of conditions. To improve understanding 
of the effects of fine-scale environmental conditions in the MMAs, further data are being collected 
to identify environmental conditions that may lead to a greater or lesser frequency of white sharks 
being present in the MMAs during the season of operation. It will take a number of years of data 
collection to gather sufficient information to provide more precise annual levels but at such low 
levels this is considered critical. As stated above, the anticipated catch levels of less than 10 white 
sharks per year takes this variation into account. 
 
 

2.1.3 A number of submissions question whether the proponent has considered 
demographics such as sex ratios of white sharks expected to be caught as part of this 
proposal and impact to the population viability. For example, if the majority of captured 
white sharks were breeding females (as seen for the tiger sharks in the trial) would the risk 
rating change? 
 
DPC Response 
The sex (and size) composition of catches is an important consideration in assessing the 
sustainability of any fishing activity. However, given the low expected catches of white sharks, the 
sex composition of these catches does not affect the risk profile and therefore the risk rating does 
not change.  
 
In addition, in a demographic modelling context, the net contribution of males to population growth 
is generally not considered. This is mainly because males’ net contribution to population growth is 
poorly understood and is complicated by peculiarities of elasmobranch reproductive biology, e.g. 
diapause (temporary pause in embryonic development) and multiple paternity. Therefore, the risk 
rating implicitly considers the catch being comprised exclusively of female sharks. 
 
 

2.1.4 Submissions contend that the cumulative impact to the south western Australian 
population of white sharks has not been fully considered. For example, the south western 
Australian white shark is known to migrate to South Africa where a lethal shark control 
program is also in place. Submitters contend that consideration should be given to the 
combined impact of removal of migratory sharks across their full distribution to obtain a 
more accurate picture on the impact of the program on the population. 
 
DPC Response 
A single white shark is known to have migrated (in both directions) between South Africa and 
Western Australia but despite subsequent tagging of many more sharks with satellite and acoustic 
tags, this movement pattern has not been observed again. Blower et al. (2012) concluded that 
“gene flow is … severely restricted across oceans”. Thus, there is not strong evidence that this is a 
common ‘migration route’ or that the additional mortality of white sharks in South Africa is 
significant to the south western Australian population or vice versa. However, the cumulative 
impact of various sources of fishing mortality across the population’s known distribution in south-
western Australian waters is relevant and was considered in the modelling.  
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2.1.5 Submissions contend that there is a high level of uncertainty regarding the population 
estimates of the south western Australian white shark. The estimates provided in the PER 
outline that the size of population is likely to be in the range of 3,400 to 5,400 and that it has 
remained stable or been increasing over the past decade. Submissions contend that this is 
at odds with the most contemporary peer-reviewed estimates which outline that the 
genetically effective (breeding) population size is approximately 700 breeding individuals 
and close to thresholds at which adaptive potential may be lost (Blower et al. 2012). 
 
DPC Response 
As Blower et al. (2012) clearly acknowledge, their estimates have wide confidence intervals and 
are preliminary due to low numbers of genetic markers and samples. The results of the study must 
therefore be interpreted judiciously. As such, the effective genetic population size estimate of 700 
breeding individuals should not be considered as an estimate of absolute contemporary 
abundance for this population. Nevertheless, an estimate of 700 breeding individuals is not 
inconsistent with a TOTAL population size of 3,400 to 5,400 individuals (i.e. total includes 
juveniles, immature and mature adults) as presented in the PER. It is important to note that 
breeding individuals of all species make up only a proportion of their total population size. 
 
The methodology used in the DoF white shark population estimate uses an established 
methodology for calculating population numbers of shark species. For example, the use of catch 
data and observer reports forms the basis for a major review of the biology and status of white 
sharks conducted in 2001 by CSIRO (Malcolm et al. 2001). The use of mitochondrial DNA 
(mtDNA) for laboratory based population estimates however has been challenged as a means for 
determining population abundance (Bazin et al. 2006). 

 

2.1.6 Submissions are seeking a clear and concise response on how the population 
estimate for south western Australian white shark population in Blower et al. 2012 were 
utilised in the proponent’s risk assessment. 
 
DPC Response 
The population estimates used in the PER were found to be well within, and at the lower end of, 
the 95% confidence intervals for the estimate provided by Blower et al. (2012). Thus, noting the 
uncertainties for both approaches, the current white shark population estimates from the modelling 
and the genetic analyses were not inconsistent (see 2.1.5 above). In addition, Blower et al. (2012) 
acknowledged that their estimate of historic white shark population size (HNe )(2,218 – 330,000) 
“may have an indeterminate temporal and spatial scale” that is “potentially unrelated to the CNe 
[current breeding population] estimates”.  
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2.2 Predicted impacts – Tiger Shark (Target Shark) 

 

2.2.1 A number of submissions contend that the tiger shark is being unduly targeted and 
should not be considered a ‘target shark’ given they have not been responsible for any 
Western Australian fatalities in 80 years. 
 
DPC Response 
The potential threat that tigers sharks pose to water users in Western Australia should not be 
underestimated. According to the Australian Shark Attack File, tiger sharks are believed to have 
been responsible for 59 unprovoked fatalities of a total of 156 in Australian waters in the last 100 
years. White sharks are believed to have been responsible for 54 unprovoked fatalities in the last 
100 years. Tiger sharks are therefore consistently listed as one of the top three most dangerous 
shark species. The International Shark Attack File (ISAF) states “the white, tiger and bull sharks 
are the "Big Three" in the shark attack world because they are large species that are capable of 
inflicting serious injuries to a victim, are commonly found in areas where humans enter the water 
and have teeth designed to shear rather than hold”. The ISAF, in describing the tiger shark also 
states “the tiger shark is second only to the white shark in number of reported attacks on humans. 
Its large size and voraciousness make it a formidable predator in the ocean. Tiger sharks can be 
curious and aggressive towards humans in the water and must be considered with a great deal of 
respect.” 
 
The tiger shark’s distribution is known to extend along the Western Australian coastline to as far 
south as Cape Leeuwin. As seen through the higher than expected numbers caught during the 
drum line trial program that ran between January and April 2014, large tiger sharks are present in 
the proximity of highly populated metropolitan and south west beaches and surf breaks, 
highlighting the potential risk to water users from interactions with tiger sharks. It would be remiss 
of the Government, when designing a shark control program that aims to offer an additional 
measure of protection to water users, to disregard one of the top three most dangerous shark 
species globally. For the Government to wait for a tiger shark to be implicated in a fatal attack 
before including it as a target species, with evidence to support its listing as one of the world’s top 
three most dangerous shark species, would be negligent. 
 
 

2.2.2 The Proposal considers that there will be a ‘low risk’ to the tiger shark population 
through capturing an estimated 900 tiger sharks over the three year period. This is because 
the tiger shark population is in reasonable condition, tiger sharks are relatively resilient to 
exploitation and the proposed catch is about 50% of historical catch levels in fisheries that 
are now closed. However, submitters contend that this risk rating is not justified because 
the proponent has not addressed the following: 

• The demographics including size and sex ratios of females to males expected to be 
caught as part of this proposal and the impact to the viability of the tiger shark 
population. Given the trial resulted in a ratio of 4 females to every 1 male tiger shark 
caught (for large ≥3m size class) submissions contend that such bias in catches is likely 
to have a disproportionate effect on population recovery and maintenance. 

 
DPC Response 
The PER did take into account the sex ratio and life history of tiger sharks and expected catches. 
The consideration of these characteristics contributed to the increase in risk rating from ‘negligible’ 
to ‘minor’ over a three year period of the program. The PER also states that a full risk assessment 
should be undertaken at the end of the three year period, assisted by sampling of tiger sharks from 
the MMAs and other sampling programs in Western Australia. Even with the sex ratio, catches by 
this program still represent a relatively low level of exploitation on a very widely distributed stock 
that now has minimal level of captures by other sectors (see full details in the PER and also at 
2.1.3 of these responses). 
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• Submissions contend that the proponent’s assessment of the consequence of the 
predicted catch rates for tiger sharks has not taken into account movement patterns and 
the fact that they are migratory. 

 
DPC Response 
As considered for white sharks in 2.1.2, it was highlighted in the background to the analysis of tiger 
sharks that they are a wide ranging species that takes seasonal excursions. The scale of the 
assessment needed to be state-wide and this was the scale at which the assessment was 
undertaken. More detailed understanding of the movement patterns of tiger sharks in and beyond 
the MMAs are being investigated (see Stevens et al. 2009). 
 

• Submissions contend that the proponent has insufficiently investigated cumulative 
impacts to the tiger shark population because there has been no estimate provided for 
ongoing illegal, unreported and unregulated catch estimates of this population. 

• A number of submissions question the proponent’s reference and comparison to 
commercial and recreational historical catch levels as a benchmark for this proposal 
given the lack of evidence to support historical catch levels were ever sustainable. 

 
DPC Response 
This was investigated in detail within section 4.2.3 the PER. One of the key lines of evidence that 
catch levels were sustainable is that there was no decline in commercial catch rates during the 
period when the highest tiger shark catch levels were occurring (early to mid-2000s). In addition, 
these commercial catch rates will implicitly incorporate any impacts that may arise from illegal, 
unreported and unregulated (IUU) catches as, if IUU catches were significant, this would be 
reflected in declining commercial catch rates. 
 
Importantly, the evidence shows that historic catches of tiger sharks at levels well above that 
expected to occur annually during the proposed drum line program and sustained for a longer 
period did not appear to significantly impact the sustainability of the Western Australian tiger shark 
population. Thus, the impacts of the proposed activities are likely to be relatively minor compared 
to previous catches (see Heupel and McAuley 2007 and Salini et al. 2007 for more information). 
 
While it has been commented that tiger sharks are protected under the Fish Resources 
Management Act 1994 (WA), this protection applies to all whaler sharks with an interdorsal fin 
length of 70cm or greater, taken from the waters of the South Coast or West Coast Regions. The 
maximum size limit for fishing for whaler sharks was introduced due to overfishing of larger dusky 
and sandbar sharks, however there is also concern over the suitability of large whaler sharks for 
human consumption due to higher than recommended concentrations of heavy metals in their 
flesh. This protection applies to dusky, bronze, sandbar, bull, spinner and tiger sharks, and was not 
legislated specifically to protect tiger sharks. 
 

• Submissions contend that given no estimates are provided for the size of the tiger shark 
population in the PER there is no evidence to support the claim that there will be no 
measurable impact on the tiger shark population (stock assessment). 

 
DPC Response 
It is important to recognise that lack of a population estimate(s) does not equate to an inability to 
manage exploitation. Many fisheries around the world are managed via proxies for population size 
(including catch rate trends and/or estimates of fishing mortality). Trends in catch rates and/or 
fishing mortality can thus be used to infer how a fished population is tracking with respect to levels 
of fishing pressure or levels of catch. Furthermore, even levels of catch can be successfully used 
to determine the status of how a fish population is performing under a regime of exploitation. This 
has been, and remains, a basic tenet of assessing fisheries sustainability and which has been 
applied to sharks species caught in the drum line program. Consideration of the expected levels of 
tiger shark catch against historical catches does, as stated above, suggest that the impacts of the 
proposed activities will be relatively minor compared to previous catches. 
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2.2.3 A number of submissions noted that the PER did not evaluate the survival rate of 
released tiger sharks (and other released animals) from the trial. Submissions request that 
the proponent undertakes an evaluation based on observations from the trial and through a 
review of the scientific literature that has examined the impact of catch and release 
protocols in other fish species. 
 
DPC Response 
A study by Afonso and Hazin (2014) showed no recorded tiger shark post-release mortality, 
suggesting that tiger sharks are particularly robust to line capture. However. as the hooks used in 
the trial and proposed for the next three years are unique (i.e. very large compared to those used 
in other programs), results from other studies of post-release survival, even for the same species, 
may not be comparable. Thus, until empirical data demonstrate otherwise, for the purposes of the 
risk assessment and predicted catch levels, the precautionary principle has been applied to allow 
for a post-release mortality of close to 100%. This suggests therefore that given post-release 
mortality is not expected to be 100%, the impacts of the program should be even lower than those 
predicted in the risk assessment.  
 
Measures will be taken where possible, as part of the three year program, to assess the post 
release survival of released tiger sharks through the application of internal acoustic tags or fin 
mounted PAT/PSAT or SPOT tags. It should be noted that this type of tagging will only be 
undertaken upon consideration of the condition of the animal and the safety of the crew on board 
and in consultation with relevant research divisions and project scopes. See 2.9 and “Response to 
the Peer Review” of this document for further details. 
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2.3 Predicted Impacts – Bull Sharks (Target Shark) 
 

2.3.1 Submissions contend that there was no information provided in the PER to assess 
likely impacts on Bull sharks which is listed as ‘totally protected fish’ under the Fish 
Resources Management Act 1994. Submissions highlighted that no data was presented 
regarding their population, distribution, movement or migration, or ecological functioning in 
the PER. 
 
DPC Response 
Based on historical commercial and research data, bull sharks are relatively rare in marine waters 
of south west Western Australia and are largely restricted to estuarine regions. Complementary 
with their rarity, it was assessed that bull sharks are not a major ecological component of the 
marine shark community off the Western Australian coast. Additionally, due to their scarcity in 
marine waters in Western Australia, it is expected that the catches of bull sharks in the program will 
be rare.  
 
Notwithstanding this, bull sharks, together with tiger sharks and white sharks, are considered one 
of the top three most dangerous sharks globally. The Australian Shark Attack File lists the white, 
tiger and bull sharks as identified in fatal unprovoked shark attacks on humans in Australia. The 
International Shark Attack File (ISAF) states “the white, tiger and bull sharks are the "Big Three" in 
the shark attack world because they are large species that are capable of inflicting serious injuries 
to a victim, are commonly found in areas where humans enter the water and have teeth designed 
to shear rather than hold”. The bull shark is known to have been responsible for a fatality in a lower 
estuary of the Swan Canning Riverpark in Perth’s metropolitan region in the 1920s, and there are 
several recorded cases of fatal attacks by bull sharks on Australia’s east coast.  
 
 
 



Western Australian Shark Hazard Mitigation Drum Line Program: 
Response to Submissions on the Public Environmental Review 

 Page 27 

2.4 Predicted Impacts – Non-target sharks and marine fauna 

 

2.4.1 Submissions contend that there has been a lack of consideration under Matters of 
National Environmental Significance in the PER (pg 72) for the migratory Shortfin mako 
shark which is listed under the Environment Protection and Biodiversity Conservation Act 
1999 (EPBC Act), particularly given that five were caught as part of the trial. 

 
DPC Response 
The PER specifically considered the risk of the program to shortfin mako (pp 59 and 73). As noted 
below Table 12 on page 73 of the PER, while the shortfin mako did not appear on the EPBC Act 
Protected Matters Report for either the metropolitan or south west MMA consideration was given to 
the shortfin mako due to it being listed as a migratory species under the EPBC Act. 
 
Catches of shortfin mako sharks, Isurus oxyrinchus, during the trial were lower than ongoing 
bycatch in Western Australian commercial fisheries (cumulatively, in the order of 2 – 5 tonnes per 
year). The commercial fisheries bycatch figures for Western Australia for shortfin mako sharks are 
again negligible relative to the estimated total Australian catches (130-150 tonnes) of shortfin mako 
together with the likely magnitude of unreported catches by high seas fleets in international waters. 
It should be noted that in the Northwest Atlantic swordfish longline fishery, shortfin mako sharks 
represent one of three sharks commonly taken as bycatch, with thousands of tonnes of bycatch 
caught each year, of which approximately 30-50% die either on the line or post-release (Wimmer et 
al. 2014). This fishery has received Marine Stewardship Council (MSC) third party sustainability 
certification. Proposed ongoing catches of between five and 20 individuals per annum for three 
years as part of the drum line program represents a negligible risk to the sustainability of the South 
East Indian Ocean population(s). 
 

 

2.4.2 A number of submissions contend that the considerations given for the Dusky whaler 
(which is currently under consideration for EPBC Act listing) is insufficient and the risk 
rating appears overly dismissive. Submissions detail that it would not take a high number 
of this shark to be caught for the risk to the population to increase significantly. 
 
DPC Response 
DoF is acutely aware of the risks of mortality on adult dusky sharks, a species which has a long 
history of exploitation but for which such exploitation was noted to be sustainable only if targeted at 
very young age classes. This risk was clearly identified prior to the initial drum line program 
(Appendix 6 of the PER) and was also detailed in section 4.2.3 of the PER. However, the level of 
capture that would result in an unacceptable risk was not realised by a significant margin. With 
better understanding of the migration patterns of larger dusky sharks, it is unlikely that their level of 
capture will increase to levels (i.e. greater than 30 adults per year) that would require additional 
management actions. Furthermore, the Management Plan has contingencies to deal with higher 
than expected catches in the highly unlikely situation that this arises (see McAuley et al. 2007 for 
more information). (Contingency measures are now detailed at Section 4.7 of the Plan). 
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2.4.3 Submissions question what contingency measures are available or in place for non-
target sharks and marine fauna (by-catch) in the event that the catches of non-target sharks 
and marine fauna are above predictions. 
 
DPC Response 
The three year program has been designed to minimise bycatch of non-target sharks and marine 
fauna through the inclusion of the following: 
1. A larger than standard approximate 25/0 circle hook. The use of a large hook proved 

successful in reducing non-shark bycatch in the trial program with only one north-west blowfish 
and seven rays caught in the metropolitan region, all of which were released alive. The 
smallest shark to be captured was 153 cm total length, with only 22 sharks less than 200cm 
total length caught on the drum lines. Of these, all were released alive with the exception of 
one. This compares to sharks caught on drum lines in Queensland in 2013 using a 14/0 J 
hook, with 276 sharks under 200cm caught, with 41 less than 100cm in length. 118 sharks 
between 200 and 300 cm in length were caught and only 36 sharks >300cm. The fate of these 
animals is not disclosed. 

2. A limited number of drum lines. Up to a maximum of 60 static drum lines will be deployed at 
any one time. 

3. A limited area in which static drum lines are to be deployed (<0.1% of Western Australian 
waters and <1% of the Western Australian coastline). 

4. Monitoring of static drum lines to occur between 0600 and 1800 hours, seven days a 
week. This high level of commitment to monitoring and servicing drum lines is far more 
extensive than any other jurisdiction undertaking shark control activities.  

5. A limited time in which static drum lines are to be deployed (<6 months each year). 
6. The removal of static drum lines between 1 May and 14 November each year to avoid 

annual whale migrations. Despite the very low risk of whales interacting with drum lines, the 
Government is proposing to remove the drum lines through the winter months.  

7. A preference for the use of shark as bait to reduce interactions with other marine 
species. The Government is committed to monitoring bait usage and captures to assess 
possible correlations between increases in catch of non-target species and the type of bait 
being used and respond accordingly. During the trial program there appeared to be a 
correlation between the use of locally caught salmon and interactions with rays in the 
metropolitan region. The use of salmon was subsequently discontinued to reduce the potential 
for interactions with rays. It is hoped that, where available, the use of shark as bait, together 
with catch rates, will provide useful information on bait/catch correlations. Where shark is not 
available, consideration will be given to using less oily fishes to aim to reduce the level of 
scavenging, particularly by undersize tiger sharks. 

8. No deployment of nets or any net meshing program. In contrast to the Queensland and 
Kwazulu-Natal shark control programs, the Government has committed to not including nets 
as part of the program. Despite criticisms that the exclusion of nets from the drum line 
configuration will reduce the effectiveness of the program in offering protection to water users, 
the indiscriminate nature of nets and the high level of bycatch taken mean the Government is 
not prepared to deploy any nets or net meshing system off of Western Australian beaches. 

9. Defining only three target species of 300cm TL or greater. All animals caught on drum 
lines that are less than 300cm TL will be released alive wherever possible. Only white, tiger or 
bull sharks that are 300cm TL or greater will targeted in an attempt to reduce the 
environmental impact of the program. This is despite the International Shark Attack File stating 
“…realistically, almost any shark in the right size range, roughly six feet (1.8 meters) or 
greater, is a potential threat to humans because, even if a bite is not intended as a directed 
feeding attempt on a human, the power of the jaw and tooth morphology can lead to injury” 
and the Queensland shark control program targeting sharks greater than two metres. 

10. The setting of hooks a suitable distance below the surface of the water to avoid 
interactions with seabirds. No interactions with seabirds and the drum lines were recorded 
during the trial period. 

11. Maintenance of detailed records of all catches for weekly monitoring of catch data to 
identify potential trigger points. Extensive data collection will be undertaken and provision 
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of all catch to the relevant authorities for ongoing assessment, species identification and 
monitoring of catch levels. 

12. The provision of training in animal handling and best practice techniques to increase 
the chance of survival of non-target species. The Government is committed to engaging 
with the DPaW, DoF and other experts to provide contractors with additional guidance and 
direction on the humane handling of marine animals. 

13. Observers to be aboard each vessel on the first day of deployment and on a defined 
number of trips thereafter. Observers will be officers from agencies including, but not limited 
to, DoF, DPaW and DPC. 

 
As per section 4.2.3 of the PER, the risk evaluation for all non-target species and other marine 
fauna is negligible with risk scores of zero for all except the dusky shark which has a risk score of 1 
(for more information on dusky shark catch see 2.4.2). Following the implementation of the above 
measures, if the catch rates of non-target species and marine fauna exceed predictions 
contingency measures will be implemented which may include the following: 
 
• effort reductions achieved through non-baiting of drum line hooks overnight; 
• variation of bait types; 
• inclusion of acoustic pingers on drum lines (if interactions with whales and/or dolphins); 
• increased effort of patrols if catch exceeding predictions in a particular location;  
• additional observer trips; and 
• a within-season review of the program. 
 
The contingency measures detailed above will form part of the Management Plan (now detailed at 
Section 4.7 of the Plan). 
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2.5 Predicted Impacts – Ecosystem 
 

2.5.1 The Proposal considered that broad scale ecological impacts are ‘negligible’ on the 
grounds that there was no evidence that there were ecological impacts on the ecosystem 
associated with shark removal during the height of the shark fishery in the region. However, 
no historical research from fisheries is present to support this assertion and a growing 
level of evidence of the effects on marine ecosystems as a result of the removal of apex 
predators are increasingly being identified (Ruppert et al. 2013, Ferretti et al. 2010, Heithaus 
et al. 2012). Thus, submitters contend that the posited absence of such impacts in the past 
merely reflects a lack of research on this topic and is not grounds for dismissing the issue 
in the present day. 
 
DPC Response 
As evaluated in section 4.2.3 the PER, a major decline in all apex predators over a prolonged time 
period is required to generate significant impacts in ecosystem functioning. Removal of predators 
in this context occurs at the population level and not at the individual level. As also outlined in the 
PER, the suite of shark species in the West Coast Bioregion has not been subject to levels of 
overexploitation that have resulted in changes recorded elsewhere. Furthermore, historical 
research was presented in the PER to support the lack of change in community structure of the fish 
communities of the West Coast Bioregion.  
 
Extensive analyses and modelling of the State’s fisheries was undertaken for the period from 1976 
to 2005 to specifically examine the issue of trophic impacts (Hall and Wise 2011). This research 
included data from all fisheries in all Bioregions throughout the State, including shark fisheries. As 
is standard for all FRDC reports, this report was peer reviewed by FRDC before finalisation and 
publication.  
 
Hall and Wise (2011 p-2) concluded that “…there is no evidence from the commercial fishery data 
that, from 1976 to 2005, there has been any reduction in trophic level or mean maximum length 
that would be expected from fishing down the food web, and thus, it appears that, at this time, 
ecosystem services have not been affected by fishing or other factors”. These analyses included 
the catches of sharks (and other species) removed at the height of targeted fishing. 
 
As fisheries management has significantly reduced the spatial extent and levels of shark fishing 
effort (36% in the West Coast Bioregion and more than 50% in the South Coast Bioregion; 
suspension of shark catches by the Northern Shark Fisheries since 2009; commercial protection of 
all shark species and maximum commercial and recreational size limits for whaler sharks in South 
Coast and West Coast Bioregions) any increases in catches by the program are more than offset 
by previous reductions in commercial and recreational fishing for sharks. 
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2.6 Predicted Impacts – Temporary drum lines 
 

2.6.1 Submissions contend that the proponent has not sufficiently assessed the 
environmental impacts of the temporary drum line component of the program because it 
was reliant on the results and data collected from the trial. As the temporary drum line 
component could be deployed anywhere in state waters (temperate and tropical waters) and 
at any time of the year, submissions have questioned the utility of the result and data from 
the trial for the purpose of predicting and assessing impacts from the temporary drum line 
component. 
 
DPC Response 
The assessment of the potential impacts resulting from the deployment of temporary drum lines 
was based on 15 months of data from DoF in relation to the imminent threat policy, and on data 
from the 14 week drum line trial.    
 
The DoF imminent threat policy has been in place since October 2012. Between October 2012 and 
January 2014 capture gear was set three times, and decision sheets prepared on another two 
occasions but with no capture gear subsequently set. No environmental impact from having 
deployed less than ten drum lines in 15 months under imminent threat has been recorded. 
 
During the trial drum line program between January and April 2014, deployments of temporary 
drum lines in response to sharks considered to be posing a threat to public safety were undertaken 
five times, with four of those occurring in the one day in response to the same shark moving 
southwards through near shore metropolitan waters.  
 
Any lines deployed in response to a shark posing a threat or following an attack are closely 
monitored for the duration of their deployment. In responding to a threat lines are deployed and 
monitored for up to one hour. In responding to an attack lines are deployed and monitored for up to 
one week. Close monitoring of the lines maximises the opportunity for avoiding capture of non-
target animals, and in the unlikely event that a non-target animal is caught, close monitoring 
increases the chances of successful release. 
 
An analysis of the trial drum line program catch data found there to be no significant environmental 
impacts of deploying a maximum of 60 drum lines permanently for a period of 14 weeks, with only 
eight non-shark species captured (seven rays and one north-west blowfish) on the lines, all of 
which were released alive. In considering that the impact from having static drum lines in the water 
permanently for 14 weeks posed no significant environmental impacts, the Government considers 
that any impacts resulting from the temporary deployment of a maximum of five drum lines for up 
to one hour in response to a shark considered to be posing a threat to the public or for up to one 
week following an attack, and given the close monitoring of the temporary lines during the duration 
of their deployment, is also likely to result in no significant environmental impacts. 
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2.7 Marine Sanctuary Zones 
 

2.7.1 Submissions contend that the proposal (static and temporary drum line deployment) 
should not be permitted within marine sanctuary zones. 
 
DPC Response 
As stated in section 2.5.3 of the PER, static drum lines will not be deployed within any gazetted or 
proposed marine sanctuary or gazetted or proposed marine recreation zone in any Western 
Australian marine parks as designated under the Conservation and Land Management Act 1984.   
 
With regard to temporary drum lines, in considering the submission to the EPA by DPaW and in 
line with details already contained with the Operational Environmental Management Plan under 
Section 3.2.1, appropriate consultation will be held between DoF and DPaW prior to the 
deployment of temporary drum lines within any marine protected areas. It must be noted, and as 
acknowledged by DPaW, that in order to maximise the chances of capture of a shark posing a 
threat or following an incident, it may be necessary to deploy temporary drum lines within no-take 
areas. However, as per its submission, DPaW will provide details of the locations of long-term 
scientific research and monitoring sites to DPC and DoF in order that the deployment of temporary 
drum lines can, as far as possible, be managed to avoid these important areas. 
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2.8 World Heritage Areas 
 

2.8.1 The proponent suggests that the ecological impacts on the two regional World 
Heritage Areas (Shark Bay and Ningaloo) will be minimal as few (if any) drum line 
deployments would occur in these areas. Submissions contend that this assertion ignores 
the fact that white and tiger sharks are wide-ranging, with individuals capable of moving 
over much of the coastline of WA. As such, the connectivity of the population at this scale 
means that the proponent cannot dismiss potential impacts of the annual removal of 
upward of 40 tonnes of largely female tiger sharks on these World Heritage Areas merely on 
the basis of deployment strategies. 
 
DPC Response 
Despite the fact that the locations of any static drum lines would be at least 500km away from 
Shark Bay and Ningaloo, the conclusion that there would be minimal ecological impacts on the two 
regional World Heritage Areas is also based on the following; 
 
• The Gascoyne Bioregion (which includes the World Heritage areas of Shark Bay and Ningaloo; 

refer to Figure 3 on page 7 of the PER) is towards the northern end of the range of white sharks 
in Western Australia. 

• As the Peer Review Report of the PER acknowledges, “the reduction in effort (in fisheries 
identified as having the largest white shark catches) has likely resulted in a reduced impact on 
the white shark population by means of reduced bycatch and (increased) survival through the 
release of some that are caught”. 

• Aside from shark control programs, white sharks have been totally protected in Western 
Australia, South Australia and around Australia since 1997. Thus any unintentional captures of 
white shark require immediate release.  

• Total catches of tiger sharks have dramatically declined since the late 2000s due to 
management and other industry factors not related to the stock (see 2.2.2).  

• As indicated in 2.5 it is contended that the potential for any broad scale ecological impacts are 
more than offset by previous reductions in commercial and recreational fishing for sharks. The 
study by Hall and Wise (2011) indicated that ecosystem services of the Gascoyne Bioregion 
have also not been affected by fishing or other factors.  

 
It is therefore unlikely that the magnitude of capture of white and tiger sharks by the drum line 
program will produce measureable ecological impacts to the World Heritage Areas of Shark Bay 
and Ningaloo. 
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2.9  Proposed management measures 
 

2.9.1 Submissions contend that the proponent has not adequately addressed the 
requirements of Table 1, section 2 of Work and output required, detailed in the 
Environmental Scoping Document (ESD) (Appendix 1 of the PER). It is also considered that 
standard protocols (particularly for euthanasia methods and animal condition assessment) 
to ensure animals are treated humanely and mortality to by-catch is minimised should be 
provided in detail. Submissions therefore contend that the following needs to be addressed, 
included and/or further expanded in the final Management Plan: 

• Measureable objectives that are linked to the proponent’s predictions to maintain 
population viability for target sharks and avoidance and minimisation of impacts to 
reduce mortality to non-target sharks and marine fauna. 

 
DPC Response 
As per the “anticipated annual catch levels “ and “risk evaluation” defined in section 4.2.3 of the 
PER for each species, acceptable catch levels have been developed for each of the target species 
which will allow for the monitoring of catch towards the specified levels. The acceptable catch 
levels of target species are: 
• White sharks: 25 white sharks over three years. Measures will be taken, where possible, to 

assess the post release survival of released white sharks through the application of internal 
acoustic tags or fin mounted PAT/PSAT or SPOT tags. It should be noted that this type of 
tagging will only be undertaken upon consideration of the condition of the animal and the safety 
of the crew on board and in consultation with relevant research divisions and project scopes. 
See “Response to the Peer Review” for further details. It should be noted that an average of 6.4 
white sharks were caught each year over the ten years between 2004 and 2013 in the 
Queensland Shark Control Program. The fate of these animals are not published. 

• Tiger sharks: 300 per year. Once again, measures will be taken where possible to assess the 
post release survival of released tiger sharks, however only upon consideration of the condition 
of the animal and the safety of the crew on board and in consultation with relevant research 
divisions and project scopes. It should be noted that an average of 234.4 tiger sharks were 
caught each year over the last ten years between 2004 and 2013 in the Queensland Shark 
Control Program. The fate of these animals is not published. 

• Bull sharks: 10 over three years. It should be noted that an average of 102.7 bull sharks were 
caught each year over the ten years between 2004 and 2013 in the Queensland Shark Control 
Program. The fate of these animals is not published. 

 
For more information on how the Government proposes to avoid and minimise impacts to non-
target species and marine fauna please see response 2.4.3. 
 

• Clarification on whether drum lines are baited at night as submissions contend that 
animals left overnight (>12 hours) will have a higher level of mortality (particularly 
relevant to non-target sharks and marine fauna). 

 
DPC Response 
Drum lines will be baited, at a minimum, at the start and end of every patrol each day. Contractors 
will be required to operate between the hours of 0600 and 1800. During the summer months 
however, many people enter the ocean prior to 0600. If drum lines were not baited overnight, this 
could mean that in some areas, particularly those beaches furthest from the boat launch site, may 
not be baited until at least 0700. This would result in early morning swimmers and surfers entering 
the ocean with no protection offered by the drum lines.  
 
Under the Queensland Shark Control Program equipment is serviced every second day, New 
South Wales service their nets each weekend day and for nine weekdays per month and in 
Kwazulu-Natal gear is checked 20 times per month. The Government’s proposal to monitor the 
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drum lines for up to 12 hours each day, every day, for the duration of the program2 represents a far 
greater commitment to monitoring of drum lines, and therefore potential to successfully release 
bycatch, than any other shark control program. 
  

• To reduce animal suffering and death, the optimum period for baiting drum lines and also 
the maximum period between checking/inspecting of baited drum lines must be 
specified. 

 
DPC Response 
Contractors will be required to operate between the hours of 0600 and 1800, seven days a week. 
They will be required to service the drum lines and re-bait all hooks on the first patrol of the day, 
and at the end of each day. Contractors will also be required to record the following data; drum line 
GPS, the time each drum line is inspected, the bait used, the amount of bait used, the time the 
hook is baited and any signs of damage, loss, vandalism or wear and tear to the gear. In addition, 
if an animal is found on a line contractors will also be required to record data which may include all 
or some of the following; the species and sex of the animal, the condition of the animal, how the 
animal is hooked, multiple measurements of the animal including total, interdorsal and fork lengths, 
the action taken (released or destroyed), tag the animal and record the tag numbers used, record 
the animal’s condition upon release, take all required photos and record photo numbers, and, if the 
animal is destroyed dispose of animal within 3 nautical miles and record the disposal location. In 
addition to this contractors may be required to record local oceanographic data at the point of 
animal capture including water temperature, water depth, salinity and dissolved oxygen.  
 
Given the high level of data recording and actions to be undertaken should an animal be caught on 
the line, and not accounting for any unforseen activities or impediments including adverse weather 
conditions, opposition activism, or a requirement to deploy temporary drum lines, it would be both 
impractical and unrealistic to impose a set baiting/inspection schedule upon the contractor.  
 

• A standard operating procedure for euthanasia that includes details of anatomy and 
location of brain (for all species that are likely to be encountered), point of aim, specified 
firearm and ammunition to be used, as well as criteria for assessing death in shot 
animals should be prepared and used to train operators. 

 
DPC Response 
Specific guidelines for euthanasia and assessment of animal condition are being progressed based 
on advice provided by DoF and DPaW and will be finalised in the Management Plan (now Section 
5 of the Plan). 
 

• Guidelines for assessing suitability for release, for the range of animals that could 
potentially be encountered, should be prepared and used to train contractors. 

 
DPC Response 
Guidelines for assessing the suitability for release of animals are being developed based on advice 
provided by DoF and DPaW and will be finalised in the Management Plan (now Section 5 of the 
Plan). 
 
 
 
 
 
 
 

                                                
2 Notwithstanding an inability to operate due to inclement weather 
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• An evaluation by the proponent of whether contractors either have the required skills for 
euthanasing and assessing the health status of caught animals or an undertaking that 
they will be given suitable training in application of euthanasia methods and the 
assessment of injuries and health status of caught animals. 

 
DPC Response 
As per Part B Section 4(b) of the tender document “Shark drum line Deployment, Management and 
Associated Services: DPC1605” the respondent is required to demonstrate the following: 
 
“(i) The organisational capacity to perform the Customer Contract including relevant skills and 
experience within the organisation in performing similar requirements. 
(ii) Suitably qualified personnel, and outline their role in providing the services described in this 
Request, including experience in the handling of large marine animals. 
(iii) Staffing levels on the vessel to undertake the services safely. 
(iv) Firearms licences and associated provisions 
(v) Contingency planning and capability including the ability to deploy alternative staff and a 
substitute vessel of similar performance, specifications and equipping in the event of a mechanical 
breakdown or unserviceability. 
(vi) The ability to undertake and record accurate size measurement of marine animals on and 
alongside the vessel. 
(vii) The ability to undertake basic research as required, such as species identification, sexing, size 
measurement and fin tagging.” 
 
Despite a requirement in the tender process to engage with suitably qualified personnel, the 
Government is committed to providing suitable training prior to the commencement of the contract. 
Training will be provided to ensure contractors are familiar with the correct methods for humane 
euthanasia of large sharks and suitably identifying the condition of an animal. Guidelines based on 
the training will also be included in the Management Plan (now under Section 6.1 of the Plan) and 
ongoing support and assistance provided to the Contractors via DoF. 
 

• Training in disentanglement procedures of large marine animals should be passed on to 
contractors (if contractors lack sufficient expertise) prior to undertaking any drum line 
operations. The time it takes for the contractor to get in touch with the Operations 
Manager and relevant Department of Parks and Wildlife (DPaW) personnel may result in 
the death of large non-target marine species.  

 
DPC Response 

The West Coast Rock Lobster Managed Fishery, in conjunction with DPaW has updated its Code 
of Practice which outlines the procedures for commercial fishers in responding to whale 
entanglements in rock lobster pot ropes. This Code of Practice is considered industry best practice 
in responding to whale entanglements. The Code of Practice encourages fishers to participate in 
whale disentanglement workshops to become familiar with the disentanglement team and follow 
safe practice procedures when responding to an entanglement. Due to the high risk, dangerous 
and unpredictable nature of disentanglement operations, commercial fishers are advised not to 
attempt a disentanglement procedure themselves without the assistance of DPaW. The Code of 
Practice requires commercial fishermen to report entanglements as soon as possible and to 
monitor the entanglement situation, with due regard for the safety of the vessel and the whale, until 
assistance teams arrive.  

 
Given the contractors will be operating between 0600 and 1800 seven days a week, and the actual 
risk of  a whale becoming entangled in a drum line is low, and even lower between the months of 
November and April, the chances of timely notification to the DoF Operations Manager and the 
disentanglement team at DPaW is high (and no different to that offered by commercial rock lobster 
fishermen who are not necessarily fishing every day).  
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In addition to this, in acknowledging a desire to reduce wherever possible the chances of capture 
of large non-target marine animals in the drum lines, the disentanglement team will form part of the 
training provided to contractors prior to the commencement of operations. The advice given to the 
contractors will be in line with the Code of Practice and the Government will not be asking 
contractors to undertake disentanglement procedures themselves. 
 

• The compliance plan (Appendix 2, pg 14) should include a feedback loop that means that 
lessons learnt during the program can be fed back into the Management Plan and 
incorporated in ongoing drum line operations. This is important to ensure the program 
can be changed/improved with increasing knowledge and experience. 

 
DPC Response 
The Government is committed to ongoing assessment and improvement of the program, with a 
number of recommendations and suggestions arising from the Review of the Western Australian 
Shark Hazard Mitigation Program being incorporated into the three year proposal. The 
Management Plan allows for annual reviews of the program and a review at the end of the three 
year program, as well as ad-hoc reviews of the program should the situation require (now detailed 
under Section 11 of the Plan). It is anticipated that the reviews will offer the opportunity for 
feedback and improvement of the program. 
 
As seen during the trial program that ran from January to April 2014, improvements were 
incorporated into the operations in both the metro and south west regions, with adaptations of fire 
arms, measuring equipment and tagging procedures adopted through the 14 week program. The 
Government is committed to ensuring operations are improved wherever possible, however it must 
be noted that operations must be undertaken in line with legislative conditions and restrictions. 
 
• Should the drum line program continue, each vessel should have an experienced and 

independent scientific observer collecting detailed biophysical data (species, gender, 
length etc.) for analysis, and all released sharks should be tagged with acoustic tags, if 
not satellite telemetry. 

 
DPC Response 
The Government has committed to providing an observer on each vessel for the first day of 
operations in each region and for an additional nine trips in each region thereafter in each season. 
It is not feasible to expect an independent scientific observer to be present on each vessel for 
twelve hours a day, seven days a week for 5.5 months of the year. The contractors will be trained 
in the collection of necessary data including the species and sex of the animal, the condition of the 
animal, how the animal is hooked, multiple measurements of the animal including total, interdorsal 
and fork lengths, tagging animals with conventional fin tags, assessing the animal’s condition upon 
release, the taking of all required photos and the humane destruction of animals where required. In 
addition to this contractors may be required to record local oceanographic data at the point of 
animal capture including water temperature, water depth, salinity and dissolved oxygen using 
hand-held water quality testing equipment. 
 
In terms of tagging all sharks that are released with acoustic tags, and if not with satellite telemetry, 
the Government is committed to implementing a program to assess the post-release survival of 
released animals. However, consideration needs to be given to the condition of the animal and 
what further stress fitting either internal or external tags may have on the potential survivorship of 
the animal, and of upmost importance, to the safety of staff and crew. Discussions are being held 
as to the practicality of tagging released sharks, and the capacity of research bodies to record the 
data (particularly if tagged with SPOT or PAT/PSAT tags). It is likely that not all released sharks 
will be suitable for tagging, however the Government will work with research institutions to best 
address the practicalities of this work. 
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2.9.2 Submissions contend that circular hooks (to be used in the program) have been 
proven to greatly reduce survival for sharks that are hooked in the throat or cavity, by 
causing significant injuries to the animals. For larger fish and sharks the hooks are likely to 
penetrate through the skull of the animal, which becomes highly agitated and vigorous 
upon capture. Therefore submissions contend that the likelihood of mortality to undersized 
sharks, whether on the drum line or shortly after their release is likely to be higher than was 
estimated. 
 
DPC Response 
The above is an assumption for which no evidence is provided to support the claim. The use of 
large circle type hooks is seen as a significant measure in reducing the non-shark bycatch (which 
is evident in other programs that use smaller hooks) and in attempting to target larger sharks. As a 
consequence the Western Australian drum line program is being criticised for taking proactive 
measures to minimise the catch of sharks under three metres when no such limits are put on shark 
size in other programs; and the use of smaller hooks would likely increase not only the capture of 
sharks under three metres, but also non-shark bycatch. 
 
Circle hooks are considered to be less invasive and easier to remove than J hooks and the size 
used in the Western Australian program is specifically designed and manufactured to minimise 
bycatch. Opponents of the program that consider these hooks too large, or that the program should 
be using the types of hooks used on long lines and drum lines in Recife, La Réunion, Queensland 
or Kwazulu-Natal, should acknowledge that the likely consequences of inclusion of these hooks 
into the Western Australian program will be an increase in non-shark bycatch and in the number of 
sharks under three metres caught. 
 
For comparison, the picture on the left below show hooks used in other programs compared to the 
hook used in the Western Australian program: 
• the smallest hook is a circle type hook used in Recife Brazil and La Réunion (right); 
• the middle hook is a J hook used in Kwazulu-Natal (approximately 76 drum lines) and 

Queensland (approximately 330 drum lines) (centre); and 
• the largest hook is an approximately sized 25/0 circle hook used in the Western Australian 

program (60 drum lines) (left). 
 
The picture on the right gives the actual dimensions of the non-conventional, custom manufactured 
approximately sized 25/0 circle type hook used in the Western Australian program. 
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2.9.3 Submissions contend that the PER and Management Plan has not identified allowable 
catch rates for each of the target sharks and key non-target sharks and marine fauna. The 
allowable catch rates should be provided based on the proponents risk assessment to 
ensure that the viability of the population is maintained. 
 
DPC Response 
It is expected that the predicted annual catches over the three year duration of the program would 
provide a suitable basis for establishing allowable catch levels. 
 
As per section 4.2.3 of the PER and 2.9.1 and Response to the Peer Review of this document, the 
acceptable catch rates for target species are as follows: 
• White sharks: 25 over three years. 
• Tiger sharks: an average of 300 per year.  
• Bull sharks: 10 over three years.  
 
As per section 4.2.3 of the PER, the anticipated catch levels for non-target sharks are as follows: 
• Dusky sharks: <10 per year. 
• Grey nurse sharks: None to only a few per year. 
• Shortfin mako sharks: between five and 20 per year. 
• Other non-listed elasmobranchs: between five and 20 per year, most likely to comprise of a 

number of species. 
 
It should be noted that the anticipated annual catch levels presented here are a result of a risk 
assessment based on using a larger than standard approximately sized 25/0 circle hook. There 
may be an opportunity to implement a gear trial that would see the examination of different sizes 
and types of hooks. It is possible therefore, particularly if smaller hooks are employed, as is 
recommended by the peer review, that these catch levels may increase. 
 
These details will be incorporated into the final Management Plan (now at Section 4.5 of the Plan). 
 

2.9.4 Submissions note that triggers and contingency actions have not been developed for 
the proposal. Triggers and contingency measures will be required to be detailed in the 
Management Plan. 
 
DPC Response 
The following figures represent levels at which contingency measures will be required to be 
employed. The figures are cumulative totals over the three years of operations and relate to 
animals that are either destroyed or are considered to have died following release (i.e. not simply 
catch numbers): 
 

Trigger Points  

Target species  
White 20 
Tiger 350 
Bull 10 
Listed elasmobranchs  
Dusky 30 
Grey nurse 5 
Shortfin mako 50 
Non-listed elasmobranchs  
Cumulative of species 50 
Other listed marine species*  
Marine life including seals, sea lions, whale 
sharks, manta rays, dolphins, turtles and 
seabirds 

3  
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Contingency Measures 
Should any of the trigger points be met, contingency measures will be implemented which may 
include the following: 
 
• effort reductions achieved through non-baiting of drum line hooks overnight; 
• variation of bait types; 
• inclusion of acoustic pingers on drum lines (if interactions with whales and/or dolphins); 
• increased effort of patrols if catch exceeding predictions in a particular location;  
• additional observer trips; and 
• a within-season review of the program. 
 
The trigger points and contingency measures will be incorporated into the Management Plan (now 
at Section 4.6 of the Plan). 
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3. Other 
 
3.1 Consultation 
 

3.1.1 Submissions contend that the proponent has not undertaken adequate consultation 
during the initial stage of project development because it did not conform to the EPA’s 
guidance for ‘appropriate and effective consultation’ set out in Clause 10 of the 
Environmental Impact Assessment Administrative Procedures 2012. Submissions also 
contend that the proponent only consulted with stakeholders that were in favour of or 
supported the proposal and not with organisations that were concerned about the 
environmental impacts of the proposal. Submissions also contend that the proponent 
should have undertaken a wider consultation process prior to referring the proposal to the 
EPA. 
 
DPC Response 
Extensive consultation has been undertaken with respect to the Government’s drum line 
component of its shark hazard mitigation strategy and it is inaccurate to claim that the project 
development has not conformed to EPA requirements.   
 
A third party referral of the drum line trial program was made to the EPA. The EPA subsequently 
concluded that the trial program would not result in significant impacts on the environment. The 
Government then submitted a proposal for a three year program to DoE and the EPA which was 
placed on the respective Department websites for public consultation. Following this process the 
Commonwealth Minister for the Environment announced the assessment to be under a bilateral 
agreement with the EPA, and the EPA determined that the Proposal should be assessed at the 
level of Public Environmental Review (PER). The Government submitted a comprehensive PER to 
the EPA which was made publicly available, peer reviewed and open to public comment for a 
period of four weeks. This clearly demonstrates compliance with environmental process 
requirements and also significant opportunities for public comment. 
 
Development of the drum line trial was informed by consultations in late December 2013 with 
stakeholders including scientists from DoF, academics, water users and managers of shark control 
programs in other jurisdictions. The location of drum lines was and will continue to be informed by 
consultation with Surf Life Saving WA, DPaW and water users including surfing groups. 
 
Following the completion of the drum line trial program there was again extensive consultation with 
27 different groups and/or associations. A summary of these consultations was provided in the 
‘Review of the Western Australian Shark Hazard Mitigation Drum Line Program 2013–14’ which 
can be found on the DPC website at www.dpc.wa.gov.au and also in section 3 the PER. The table 
is presented here again for reference. Separate consultations did not occur with the Conservation 
Council of Western Australia or with Sea Shepherd Australia as the views of both organisations 
were clear. Legal action was taken against the State by Sea Shepherd Australia which ultimately 
failed, the websites of both organisations presented clear statements on their views of the 
program, as well as views expressed through media and correspondence received by the 
Government.    
 
It is inaccurate however to state that the Government only consulted with stakeholders that were in 
favour of the proposal. Of the 27 stakeholder groups consulted, at least eight were either strongly 
opposed to the program or did not offer support for the program. The Government met with many 
scientists and research institutions, as well as recreational water users, who were not in support of 
the Government. However, the Government believed it important to engage with as wide a range 
of stakeholders as possible, not only to glean a broad range of views, but also to take on board as 
much advice as possible on how to minimise and mitigate the environmental impacts of the 
program, for which scientists were and continue to be of great assistance. 
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Organisation Date 

Bouvard Fisheries (SW Contractor) 2 May 2014 
The West Australian Fishing Industry Council (WAFIC) 5 May 2014 

WA Police 5 May 2014 

Department of Fisheries – Operations (5) 5 May 2014 

Department of Fisheries – Research (2) 5 May 2014 

Oceans Institute University of Western Australia 5 May 2014 

Oceans Institute University of Western Australia (2) 6 May 2014 

Department of Parks and Wildlife 6 May 2014 

Surf Life Saving WA 6 May 2014 
EventsCorp WA 6 May 2014 

RecFishWest 7 May 2014 

Department of Transport 7 May 2014 

Western Australian Marine Science Institution (WAMSI) 7 May 2014 
Surfing WA 8 May 2014 

WA Sports Federation 8 May 2014 

Open ocean swimmers (2) 9 May 2014 

Wildlife Marine 9 May 2014 
Environmental consultant 9 May 2014 

Margaret River Board riders 9 May 2014 

Margaret River recreational surfers (3) 9 May 2014 

Margaret River Recreational Surfers 9 May 2014 

WA Undersea Club 12 May 2014 

Curtin Centre for Marine Science and Technology 15 May 2014 

Oceans Institute University of Western Australia 15 May 2014 

Queensland Shark Control Program  15 May 2014 
James Cook University 16 May 2014 

Numerous scientists/researchers/conservation organisations* 2-6 June 2014 

Kwazulu-Natal Sharks Board (3)* 4 June 2014 
 
*Meetings and discussions took place at the Sharks International Conference in Durban, South Africa. While 
the conference followed the submission of the PER to the EPA, input and advice continues to be included in 
the program development. 
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3.2 Public Safety 
 

3.2.1 A number of submissions contend that the baited drum lines (and hooked sharks) 
present a serious public safety hazard as they will actually draw sharks into areas where 
they are deployed. 
 
DPC Response 
Concerns that baited drum lines may attract large sharks inshore, increasing the risk to people 
using these waters have been addressed in the ‘Review of the Western Australian Shark Hazard 
Mitigation Drum Line Program 2013–14’ which can be found on the DPC website at 
www.dpc.wa.gov.au. Some research indicates that scents from bait can travel up to one kilometre 
based on water conditions and type of bait used (work by Gilbert & Hodgson 1978). Other research 
indicates that the distance over which scent is an attractant for sharks is in the order of hundreds of 
metres as opposed to kilometres, meaning only those sharks in the vicinity of protected beaches 
would likely be attracted to baits (Springer & Gold 1989). 
 
An analysis of the data from the recent drum line trial program shows that tagged sharks were in 
close proximity to baited drum lines, yet not one tagged shark was caught on a drum line. While 
the number of incidences of a tagged shark setting off an acoustic receiver in close proximity to a 
drum line was small, the indications are that drum lines do not necessarily attract sharks. 
 
The drum lines deployed by the Kwazulu-Natal Sharks Board (KZN Sharks Board) and the 
Queensland Shark Control Program are placed between 300-500m offshore (compared to the 
drum lines in the Western Australian program which are placed approximately 1km offshore). 
There is no evidence from either the Queensland or KZN shark control programs, or from the drum 
line program in Recife, Brazil that drum lines attract sharks. There was a suggestion from the KZN 
Sharks Board that the Western Australian drum lines should be closer inshore to increase their 
effectiveness and that this would not pose any additional risk to water users. The KZN Sharks 
Board consider the amount of bait used on drum lines to be a significantly small component of the 
total bait deposited into the ocean by onshore anglers at swimming beaches in and around 
Durban. Neither the bait on the drum lines nor the bait used by anglers is considered an attractant 
to sharks in these areas.  
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3.2.2 A number of submissions contend that there is insufficient detail provided on the 
discarding of euthanized sharks and that they may present a hazard by attracting sharks to 
areas where they are dropped. 
 
DPC Response 
White, tiger and bull sharks that are ≥300cm TL, and any other animals that may be dead on the 
line (excluding those required to be brought to shore under DPaW conditions and research 
requirements) will be disposed of within state waters (a maximum of 3 nautical miles offshore) but 
at a safe distance from beaches and populated sites. As per the request from DPaW, carcasses 
will also not be disposed of within recreation or sanctuary zones of marine protected areas. There 
is no evidence to support the claim that the disposal of sharks at this distance from shore presents 
any sort of hazard. All deceased sharks in the Queensland Shark Control Program are disposed of 
within 5km (or 3 nautical miles) of shore, with no evidence from 50 years of operations of disposal 
sites presenting a hazard.  
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3.2.3 A number of submissions contend that the drum lines presented a navigation hazard 
for boat and other watercraft users given their location and lack of markings. 
 
DPC Response 
It is intended that 30 drum lines will be set along the metropolitan coast and 30 along the south 
west coast, which is approximately the same configuration as during the trial conducted from 
January to April 2014. The lines have large red fluorescent buoys attached to them which are 
clearly visible from a distance. In addition, they are considerably larger than similar floats attached 
to recreational and commercial rock lobster pots, which are a regular occurrence within the 
designated MMAs. Other nautical markers also exist throughout the MMAs including acoustic 
receiver buoys as part of the Shark Monitoring Network and marine protected area markers, 
among others.  
 
It is inaccurate to say that the buoys lack any markings. The buoys used during the trial and those 
that will be used in the future program are clearly marked, in large black font, as “Government of 
Western Australia” and include a telephone number to report loss or damage. The Department of 
Transport authorised their use prior to the drum line trial and issued the relevant General Notice to 
Mariners prior to their deployment. This will be the same procedure for any future deployments. In 
addition, there will be a notification to the public through the print media and on relevant websites 
as to when drum lines will be in place together with a description of the gear. 
 
During the Rottnest Channel Swim there were two drum lines that were accidently damaged by 
water craft. As a result (and as has already been recommended in the ‘Review of the Western 
Australian Shark Hazard Mitigation Drum Line Program 2013–14’) prior to the next Rottnest 
Channel Swim discussions will take place with organisers to have all metropolitan drum lines 
removed on the day before the event and replaced the day after.  
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3.3 Role of Department of Fisheries 
 

3.3.1 A number of submissions contend that the Department of Fisheries who may be 
implementing the proposal have a conflict of interest given that they have provided the 
technical information for the PER and that they are required to regulate fisheries under the 
Fish Resources Management Act 1994.  
 
DPC Response 
The Government has let tender ‘DPC1605 Shark Drum Line Deployment, Management and 
Associated Services’ which is advertised on the Tenders WA website and closes on 28 July 
2014. It is the clear preference of the Government to have these services provided by a private 
contractor as was the case with the former drum line trial that ran from 25 January 2014 to 30 April 
2014. Through the original tender process (DPC 1596) separate private contractors were selected 
for the metropolitan and south west regions. However, prior to the commencement of operations, 
the contractor selected for the metropolitan region withdrew due to level of threats by activists. As 
a consequence, DoF re-prioritised resources to provide the services required.  
 
There is no active consideration for DoF to provide future static drum lining services. However, if 
private contractors are again intimidated by activists and decide against submitting a tender, 
accepting a contract or subsequently withdrawing their submission, DoF may again be considered. 
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RESPONSE TO THE DEPARTMENT OF PARKS AND WILDLIFE 

 
Marine Protected Areas 
 
1. That where practicable, temporary drum lines are deployed outside ‘no take’ zones in 

marine parks and reserves and avoid key scientific research sites. 
 
DPC Response 
Placement of temporary drum lines will always be in response to a specific imminent threat event 
and, as acknowledged by DPaW in its submission, in order to maximise the chances of capture of 
a shark posing a threat or following an incident, it may be necessary to deploy temporary drum 
lines within no-take areas. Operating procedures for the deployment of temporary drum lines 
include a requirement to consult with DPaW on the need for activation and the location of the drum 
line deployment. This consultation will ensure that temporary drum lines comply with DPaW 
requirements. DPaW will provide details of the locations of long-term scientific research and 
monitoring sites to DPC and DoF in order that the deployment of temporary drum lines can, as far 
as possible, be managed to avoid these important areas. 
 
 
2. That the Department of Parks and Wildlife is consulted regarding the identification of 

predetermined sites for static drum lines within marine parks. 
 
DPC Response 
Prior to the commencement of the proposed 2014/15 drum line strategy consultations will occur 
with DPaW (and others) regarding the deployment of static drum lines (as occurred prior to 
deployment of drum lines in the trial conducted from January to April 2014). In addition, a meeting 
and/or meetings will occur between the contractors and DPaW to ensure recreation and sanctuary 
zones are clearly identified and drum line placements are in accordance with DPaW requirements. 
Throughout the deployment phase DPaW will have the opportunity to observe drum line placement 
and activities of contractors (as was the case in the trial program). 
 
 
3. That where possible, disposal of shark carcasses occurs outside sanctuary and 

recreation zones of marine parks. 
 
DPC Response 
DPaW will be involved with the training and support provided to contractors prior to the deployment 
of drum lines. This training will include information and advice on the location of sanctuary and 
recreation zones of marine parks and with a clear directive that disposal of shark carcasses can 
only occur outside these zones (but still within State waters). 
 
 
4. That operator/contractor training undertaken includes the provision of information 

relating to marine parks and reserves. 
 
DPC Response 
DPaW will be involved with the training and support provided to contractors prior to the deployment 
of drum lines. This training will include information and advice on the location of sanctuary and 
recreation zones of marine parks. In addition, DPaW will have the opportunity to observe the 
activities of contractors as and when required. Information and support on animal handling for non-
fish species will be undertaken by DPaW and for sharks and other fish species by DoF. 
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Marine Fauna 
 
1. That the Department of Parks and Wildlife is consulted regarding those aspects of the 

management framework that have the potential to affect species that are specifically 
protected under the Wildlife Conservation Act 1950. 

 
DPC Response 
Weekly catch data will be provided directly to DoF and DPaW. Catch data will be published on the 
DoF website on a monthly basis. Provision of data to respective agencies on a weekly basis will 
allow for cross-checking of data accuracy, species identifications and detail prior to publication, but 
will also ensure that there is a timely analysis of catch rates against predictions. DPaW and DoF 
may at any time request meetings to review the data and discuss contingencies in the event that 
catch rates exceed predictions. 
 
 
2. Those opportunities for fauna research associated with the drum line program are 

maximised and prioritised on the basis of research needs identified in the nationally 
endorsed recovery plans for potentially affected species. 

 
DPC Response 
DPaW will have full access to all catch data and may at any time place an observer on a 
contractor’s vessel to not only observe the activities of the contractor, but to also undertake 
research as considered necessary. Specific research proposals are also encouraged and can be 
incorporated into the training and support provided to contractors. In addition, DPC is liaising 
directly with DoF and others to identify potential research projects. 
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RESPONSE TO THE MARINE PARKS AND RESERVES AUTHORITY 

 
The Marine Parks and Reserves Authority (MPRA) notes that the Marine Monitored Areas 
identified in the Government’s drum line strategy overlap with the Marmion Marine Park off Perth 
and the Ngari Capes Marine Park in the south west. The MPRA notes that actions taken by the 
State with an intervention that kills sharks, including sharks within the Ngari Capes and Marmion 
Marine Parks, is done so in the interests of public safety and is therefore acceptable and 
necessary. The MPRA also notes that in both marine parks commercial and recreational fishing 
occurs and that the take from these activities is considerably greater than that which occurred 
during the Government’s initial drum line trial. With reference to specific elements of the PER the 
MPRA goes on to note: 
 
1. The Government’s efforts to minimise bycatch, the small numbers involved and the fact 

that no harm was caused to marine mammals or turtles during the trial. 
 

DPC Response 
The equipment used in the drum line trial was specially designed to target large sharks and to 
minimise capture of undersize sharks and capture (or entanglement) of marine mammals, turtles 
and seabirds. Similar gear is proposed to be used during the three year program so bycatch of 
non-shark species are again anticipated to be very low. 

 
2. That opportunities should be explored to increase our scientific knowledge of the role 

and behaviours of sharks in local waters. 
 

DPC Response 
This is something that the proposed drum line program is progressing through a more extensive 
and diverse collection of data and opportunities for the scientific community to undertake specific 
research. Research may include the collection of local oceanographic data at the point of animal 
capture, opportunities for acoustic and/or satellite tagging, a biological sampling program, age and 
growth studies and studies into catch and release survivability rates.  

 
3. That the drum line program is part of a broader mix of strategies to mitigate against 

shark attack. 
 

DPC Response 
The drum line program is proposed to operate for three years. It is hoped that during this time, 
research being undertaken into alternative mitigation technologies may offer complementary or 
alternative options that may be considered as part of the overall shark hazard mitigation strategy. 

 
4. That the location of drum lines should take into consideration surfing zones and thereby 

avoid being a potential hazard to surfers (and that the current 1km extent should meet 
this requirement). 

 

DPC Response 
DPC is aware of the special purpose zones for surfing in the Ngari Capes Marine Park and the 
desire to keep these zones free from hazards such as rock lobster pot ropes. Following requests 
from surfing groups in the south west, a number of drum lines were relocated around surf zones 
during the drum line trial program. Decisions on the future location of drum lines will be undertaken 
in consultation with Surf Life Saving WA, DPaW and local surfing communities. 
 
5. That the Department of Fisheries should be used in a wider conservation effort and not in 

deploying drum lines 
 

DPC Response 
This is noted and addressed under 3.3.1. The Government has a preference for using private 
contractors to deploy drum lines. The services provided by DoF during the drum line trial were a 
direct response to the selected metropolitan contractor withdrawing their submission as a result of 
threats and intimidation by activists. 
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RESPONSE TO THE PEER REVIEW REPORT 

 
Establish clear and measureable objectives and performance measures, including 
trigger points and corresponding management actions 
 
DPC Response 
As per 1.1.2, the trial drum line program ran for 14 weeks. It is not possible to draw conclusions on 
the efficacy of the program in increasing public safety over such a short period of time. The 
Queensland and Kwazulu-Natal programs have decades of data on which to assess the efficiency 
and effectiveness of their programs. Both jurisdictions place strong confidence in the effect the 
shark control programs are having on public safety and are proactively incorporating drum lines 
into their programs (Queensland DPI, 2006) (Cliff & Dudley 2011). 
 
It is inherently difficult to assess the effectiveness of shark control programs, however this is not a 
reason for inaction. Although the short duration of the Western Australian trial precludes 
conclusions on the effectiveness of the program it is not a reason to suspend the program. It is 
unrealistic to think that any control program can achieve zero fatalities in the long term. It is also 
unrealistic to think that all beaches, surf breaks and dive locations can be protected. There will 
therefore always be a degree of risk unless people stop entering marine waters. While no further 
shark attacks cannot be guaranteed, data gathered over a three year program will add to the 
knowledge base of the effectiveness of shark control programs. “The removal of any shark that has 
the potential by nature of its size and identity (species) to bite a person no doubt reduces the risk 
of such an incident occurring” (page 8 of the peer review) accurately addresses the overall 
objective of the drum line program. 
 
It should be reiterated that research into non-lethal detection and deterrent technologies funded by 
the Government may provide complementary or alternative shark hazard mitigation options either 
within or at the end of the this three year period. 
 
The PER clearly states the proposal to be for a period of three years, and this was the basis upon 
which the DoF risk assessment was undertaken. The statement in the peer review that the drum 
line program has the potential “…to continue for an unspecified timeframe…” is misleading and 
inaccurate. Moreover, it is therefore unclear to what extent the peer review assessment of the 
material provided within the PER relates to the effects of the current three year proposal compared 
to the potential assessment of the effects of an ‘ongoing program’. That a different assessment 
would need to be undertaken if a longer or ongoing program was proposed was clearly identified in 
the DoF risk assessment. Many references are also made within the PER to a desire by the 
Government to complement or enhance the drum lining program with non-lethal shark hazard 
mitigation measures should any prove to be feasible and appropriate. 
 
The assumption that the program will continue ‘for an unspecified timeframe’ could potentially 
affect the relevance of the comments and interpretations in the peer review for the purposes of 
decision making by the EPA. 
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Catch levels and trigger points 
Catch Levels 
As per the ‘anticipated annual catch levels’ and ‘risk evaluation’ sections in 4.2.3 of the PER for 
each species, and as per the ‘summary of the risk analysis, risk scores and risk evaluations’ 
presented in section 9.4 of the Draft Management Plan, acceptable catch levels have been 
developed for each of the target species which will allow for the monitoring of catch towards 
specified levels (now detailed at Section 4.5 of the Plan). Acceptable catch levels have been 
developed on the basis that they maintain the risk ratings for each of the species at the levels 
presented within the DoF risk assessment.  Therefore if the acceptable catch levels are exceeded, 
either an updated risk assessment and/or a revision to the management of the drum line 
operations would be required (see contingency measures below). 
 
The acceptable catch levels of target species are: 
 
• White sharks: 25 over three years. 
• Tiger sharks: an average of 300 per year.  
• Bull sharks: 10 over three years.  

 
As per section 4.2.3 of the PER, the anticipated catch levels for non-target sharks are as follows: 
 
• Dusky sharks: <10 per year. 
• Grey nurse sharks: None to only a few per year. 
• Shortfin mako sharks: between five and 20 per year. 
• Other non-listed elasmobranchs: between five and 20 per year, most likely to comprise of a 

number of species. 
 
Catches of other listed elasmobranchs including whale sharks and manta rays, and other listed 
marine life including seals and sea lions, turtles, whales, dolphins and seabirds are expected to be 
close to zero. It should be noted that these are the anticipated catch levels, and do not represent 
allowable catch levels. It is likely that, in the event that a listed elasmobranch or other listed marine 
animal is caught on the drum line, a within-season review of the program will take place. 
 
The acceptable catch levels and anticipated catch levels for target and non-target marine species 
will be clearly identified in the Management Plan (now detailed at Section 4.5 of the Plan). 
 
The following should be noted: 
1. The acceptable catch levels defined here represent total catch numbers (i.e. everything that is 

caught on the line), and therefore also includes animals which are released. While the risk 
assessment assumes a ‘worst case’ scenario for released sharks, using a precautionary 
approach to deal with the uncertainty in post-release survival, it is expected that actual mortality 
numbers will be lower than the acceptable catch levels. This is important to note in respect to 
trigger levels discussed below. Efforts to monitor post-release survival of released animals, and 
in particular white sharks, will be undertaken using acoustic or fin mounted SPOT or PAT/PSAT 
tagging where possible.  

2. The anticipated annual catch levels presented here are a result of a risk assessment based on 
using a larger than standard approximately sized 25/0 circle hook. There may be an opportunity 
to implement a gear trial that would see the examination of different sizes and types of hooks. It 
is possible therefore, particularly if smaller hooks are employed, as is recommended in the peer 
review, that these catch levels may increase. 
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Trigger Points 
The following figures represent levels at which contingency measures will be required to be 
employed. The figures are cumulative totals over the three years of operations and relate to 
animals that are either destroyed or are considered to have died following release (i.e. not simply 
catch numbers): 
 

Trigger Points  

Target species  
White 20 
Tiger 350 
Bull 10 
Listed elasmobranchs  
Dusky 30 
Grey nurse 5 
Shortfin mako 50 
Non-listed elasmobranchs  
Cumulative of species 50 
Other listed marine species  
Marine life including seals, sea lions, whale 
sharks, manta rays, dolphins, turtles and 
seabirds 

3  

 
 
Contingency Measures 
Data will be provided weekly, therefore ongoing monitoring of catches will enable prompt 
management actions to be taken. Should any of the trigger points described above be met, 
contingency measures will be implemented which may include the following: 
 
• effort reductions achieved through non-baiting of drum line hooks overnight; 
• variation of bait types; 
• inclusion of acoustic pingers on drum lines (if interactions with whales and/or dolphins); 
• increased effort of patrols if catch exceeding predictions in a particular location;  
• additional observer trips; and 
• a within-season review of the program. 
 
The trigger points and contingency measures detailed above will be incorporated into the 
Management Plan (now detailed at Sections 4.6 and 4.7 of the Plan). 
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Management Advisory Committee 
 
DPC Response 
The recommendation to establish a management advisory committee, similar to those operating 
under fisheries management, is based on an opinion of; a lack of performance indicators and lack 
of clear objectives in the program proposal; risks of exceeding catch levels under the program and 
notes that this does not constitute ‘best practice’. The advocacy for the establishment of a 
management advisory committee with an independent chairperson does not consider the following: 
• The clearly stated objective of this program has always been public safety, an objective that has 

been stated in the PER, in the review of the drum line trial, in media releases and in public 
comments by Government. 

• While it may be standard, or even best, practice for commercial fisheries to be managed in 
conjunction with input from management advisory committees, and under specific acceptable 
catch levels (e.g. a quota managed fishery), the Government is not aware of catch levels or 
performance indicators, or requirements to establish management advisory committees within 
the Queensland Shark Control mixed gear program, the New South Wales net meshing 
program, the South African mixed gear program, the Recife drum line and long line program nor 
the program operating in La Réunion. Under the Recovery Plan for the White Shark, catch of 
white sharks in the Queensland and New South Wales shark control programs are only 
expected to be reported annually to the respective state governments (i.e. no catch levels, 
trigger points or contingency measures are established for these programs). Moreover, the 
extent of the Western Australian program in both time and space, and the measures being 
employed to avoid or minimise impacts are significantly more conservative than under the 
aforementioned programs, including significant work towards establishing acceptable catch 
levels, trigger points and contingency measures. While these were not finalised in the Draft 
Management Plan, they were in progress, and are presented above (now at Sections 4.5, 4.6 
and 4.7 of the Plan). 

• The Government will; publish catch data on a monthly basis; ensure that DPaW, DoF, DPC and 
others entities (as considered appropriate) have full access to observing the activities of the 
contractors; ensure that regular meetings take place between DPaW, DoF and DPC; implement 
a comprehensive management plan to be endorsed by the EPA and DoE; comply with all 
appropriate legislative, approval and licence conditions as they apply to the program and 
continue the existing rigorous monitoring schedule of the drum lines of up to twelve hours a day, 
seven days a week (which is more comprehensive than that for shark hazard mitigation 
programs elsewhere in Australia and the world).  

 
Given this extensive and transparent compliance and regulatory framework the establishment of a 
management advisory committee to oversee operations is considered neither necessary nor 
appropriate. 
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Operational data 
 
DPC Response 
DPC agrees with the level of information the peer review believes to be appropriate for collection 
as part of the program. 
 
The DoF review of the initial drum line program identified a need for improvements to data 
collection: 
 
“Due to the start-up nature of this trial program, there were a number of logistical challenges during 
this period which meant it was not possible to develop and implement a full program of research to 
utilise the drum line activities. Thus, while tags were fitted to most released sharks, there was no 
opportunity to systematically collect data other than the core information on the lengths and sex of 
captured sharks.” 
 
The following information was collected as part of the drum line trial program: 
 

Date 
Region 
Location of drum line 
Drum line number and GPS location 
Time drum line inspected 
Species caught on the line 
Sex 
Condition on the line 
Total length 
Length noted as approximate (Y/N) 
Fork length (later in the program) 
Interdorsal length (later in the program) 
Action taken 
Tag number 
Photo numbers 
Disposal GPS 
Date bait purchased, amount, cost and type 
Vessel records including start and end hours 
Drum line maintenance (damage/loss/vandalism/wear and tear) 

In Response To A Shark Threat Or Incident 

Date 
Time of notification 
Time of drum line deployment 
Location of drum line deployment (GPS) 
Time returned to 1km offshore 
Species 
Sex 
Condition on the line 
Total length (cm) 
Length noted as approximate 
Action 
Release status 
Subsequent action (e.g. disposed/retained) 
Use (e.g. research) 
Existing tag (e.g. research tagging equipment) 
New conventional fin tag number  
Photo numbers 
Disposal GPS 
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The DoF review of the drum line trial went on to recognise: 
 
“Future options would still require careful consideration of how collecting other biological data 
(including genetic samples, tags, reproductive, dietary, age and growth, etc.) could be built into the 
daily drum line routine to help assess potential impacts on effected shark populations. The 
collection of additional biological samples and data will therefore depend on dealing with the 
logistical constraints such as drum line vessels’ type, size, capabilities and storage facilities; 
distance from and type of port facilities; operator training requirements; protocols and appropriate 
exemptions for scientific research of protected species, etc.. “ 
 
The following information is proposed to be collected as part of the three year program: 
 

Date 
Region (metro/south west) 
Location (e.g.Floreat/Quindalup) 
Drum line number (e.g. FL3) 
Drum line GPS 
Time drum line inspected 
Drum line damage/vandalism/wear and tear/loss 
Bait type 
Whole/partial 
No. of pieces 
Age when checked (e.g. when was the bait put on the hook) 
Catch (Y/N) 
Species 
Sex 
Condition on the line 
Hooked (placement) 
Total length (cm) 
Length noted as approximate (Y/N) 
Fork length (cm) 
Interdorsal length (cm) 
Action 
Release status 
Depredation (tissue loss or damage) (%) 
Subsequent action (e.g. disposed/retained) 
Use (e.g. research) 
Existing tag (e.g. research tagging equipment) 
New conventional fin tag number  
New acoustic tag number 
New SPOT/PAT tag number 
Photo numbers 
Disposal GPS 
Water temperature (°C) 
Water depth (m) 
Dissolved oxygen (mg/l) 
Salinity (PSU) 
Date bait purchased 
Type of bait purchased 
Amount (kg) 
Cost ($) 
Vessel Name 
Start time 
Start hours 
End time 
End hours 
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In Response To A Shark Threat or Incident 

Date 
Time of notification 
Time of drum line deployment 
Location of drum line deployment (GPS) 
Bait type 
Whole/partial 
No. of pieces 
Age when checked 
Time returned to 1km offshore 
Catch (Y/N) 
Species 
Sex 
Condition on the line 
Hooked (placement) 
Total length (cm) 
Length noted as approximate 
Fork length (cm) 
Interdorsal length (cm) 
Action 
Release status 
Depredation 
Subsequent action (e.g. disposed/retained) 
Use (e.g. research) 
Existing tag (e.g. research tagging equipment) 
New conventional fin tag number  
New Acoustic tag number 
New SPOT/PAT tag number 
Photo numbers 
Disposal GPS 
Water temperature (°C) 
Water depth (m) 
Dissolved oxygen (mg/l) 
Salinity (PSU) 
Catch reported to DoF Operations Manager (Y/N) 

 
A more detailed set of sampling protocols is being developed and is discussed in “Biological 
Sampling of Captured Sharks” below. The final data collection intended for the three year proposal 
will be written into the Management Plan (data table now updated and detailed at Section 6.13 of 
the Plan). 
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Biological sampling of captured sharks 
 
DPC Response 
As per the advice provided for “Operational Data” above, DoF has identified the types of data that 
could be collected for all released, euthanised and deceased sharks captured in the program. DoF 
has highlighted the need for these data to better inform the evaluation of the program, as well as 
providing important information to better determine the status of shark populations and reduce 
uncertainty in a species’ biological parameters and therefore stock status for use in any future 
potential risk assessments. It must be pointed out the logistics of sampling at seas and/or retaining 
all deceased animals is not a trivial issue.  
 
These logistical issues are currently being considered in the context of the three year program and 
include: 
 
• having the relevant approvals and permits to conduct research on listed species; 
• having sufficiently trained staff on each of the vessels to undertake biological sampling; 
• storage of carcasses/samples on the vessel; 
• transfer of carcasses/samples to shore; 
• transport of carcasses/samples to the relevant storage facility; 
• suitable storage facility for carcasses/samples; 
• highly visible nature of the operation and level of scrutiny and interference likely to be directed 

upon operators by activists which could impede operations; and 
• considerations of all of the above logistics for both the metropolitan and south west regions. 
 
The storage of data and biological samples is recognised as a primary element to be maintained 
by DoF, and collaboration is underway with other agencies and research institutions including the 
West Australian Museum to further work through the above logistical considerations. 
 
It is noted that under 9.1.4 of the Recovery Plan for the White Shark, shark control programs in 
Queensland and New South Wales are required to where feasible and practical undertake 
biological recording and sampling of white sharks caught in shark control programs. This 
acknowledges the complexities involved in retaining and sampling carcasses of large marine 
animals. 
 
Further detail on biological sampling and applicable animal handling protocols will be provided in 
the Management Plan, however it must be recognised that this will be an ongoing facet of the 
program (further details now provided at Sections 5 and 6.9 of the Plan). 
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Investigation of post-release survival for all species – priority for white sharks 
 
DPC Response 
As stated at 2.2.3, there are currently no data with which to evaluate post-release survival rates of 
released animals. As the hooks used in the trial and proposed for the next three years are unique 
(i.e. very large compared to those used in other programs), results from other studies of post-
release survival, even for the same species, are not comparable. Thus, until empirical data 
demonstrate otherwise, for the purposes of the risk assessment and predicted catch levels, the 
precautionary principle has been applied to allow for a post-release mortality of close to 100%. 
This suggests therefore that given post-release mortality is not expected to be as high as 100%, 
the impacts of the program should be even lower than those predicted in the risk assessment.  
 
Measures will be taken where possible, as part of the three year program, to assess the post 
release survival of released white (and tiger) sharks through the application of internal acoustic 
tags or fin mounted PAT/PSAT or SPOT tags. It should be noted that this type of tagging will only 
be undertaken upon consideration of the condition of the animal to withstand the procedure(s), the 
safety of the crew on board and in consultation with relevant research divisions and project scopes.  
 
It is noted that under 9.1.4 of the Recovery Plan for the White Shark, tagging programs and 
tagging of released sharks to assess post-release mortality is required where possible or 
appropriate by the Queensland and New South Wales shark control programs. The Government is 
committed to undertaking research as part of the program where safe, practical and feasible. 
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Improve the accuracy of data collection from commercial fisheries within WA 
regarding white shark bycatch 
 
DPC Response 
DoF is finalising a project which reconstructs the history of white shark mortalities induced by all 
sources (including all commercial and recreational fisheries operating on the south-western stock) 
throughout the full range of the southwestern white shark population. This report is being finalised 
and has been cited in the peer review. A summary of this was presented in Appendix 9 of the PER 
(Taylor et al. in prep). 
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Avoid targeting tagged sharks 
 
DPC Response 
The peer review is inaccurate in the supposition that the detection of tagged sharks would 
automatically initiate a response to deploy temporary drum lines. 
 
The DoF imminent threat policy applies to all Western Australian waters at all times throughout the 
year. The only place and time that the DoF imminent threat policy is superseded is within the two 
MMAs between 15 November and 30 April each year (subject to program approval).  
 
The DoF “Guidelines for fishing for sharks posing an imminent threat to public safety”, as provided 
at Appendix 3 of the PER, detail specific criteria to assist decision makers in applying the policy 
and approving orders to set capture gear. In addition to consideration of whether the presence of a 
shark constitutes a high risk or a high hazard, the guidelines also state that assessment of the 
circumstances should also recognise that an order to set capture gear may heighten the risk of 
attack as capture of a tagged shark “may eliminate a key indicator of a temporary high hazard in 
the proximity of a popular beach”.  
 
For the areas designated as MMAs (in the metropolitan region between Ocean Reef and Port 
Beach and in the south west region between Quindalup to Prevelly), between 15 November and 30 
April, given a contract vessel is proposed to be on the water for up to twelve hours per day, seven 
days a week, presenting opportunities for faster responses, supplementary criteria for initiating a 
response to an identified shark threat or incident have been developed. These criteria, contained at 
9.3 of the Draft Management Plan (Appendix 2 of the PER) (now at Section 7 of the Plan), outline 
the processes to be followed before initiating a response within an MMA. Notifications of acoustic 
detections of tagged sharks are immediately sent to relevant groups and posted on the Surf Life 
Saving WA Twitter feed. Surf Life Saving WA therefore have the opportunity to close beaches in 
the presence of tagged sharks. 
 
It should also be noted that the Shark Monitoring Network and associated research tagging 
initiatives being facilitated through DoF continue to be supported by Government. The long term 
investment in the Shark Monitoring Network is designed to better understand white shark 
movements in south-western Western Australia. Information from the project is likely to provide 
better information to determine site fidelity and movement patterns of sharks. 
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Avoid areas of known white shark aggregations 
 
DPC Response 
See “avoid targeting tagged sharks” above. 
 
In addition to the information above, it should be noted that the DoF imminent threat policy makes 
specific reference to “prevailing conditions, such as the presence of a whale carcass, or seasonal 
fish aggregations which explain the presence of a shark”. The guidelines noted above go on to say 
that “these circumstances may be consistent with high risk and high hazard but conducive to 
management without an order to set capture gear being required”. The DoF imminent threat policy 
therefore is considerate of white shark aggregations and options to manage a shark hazard without 
the deployment of temporary drum lines. 
 
It is unlikely that, as per the guidelines under the DoF imminent threat policy, and the criteria to be 
followed to set temporary drum lines within an MMA, seasonal aggregations of white sharks (e.g. 
around snapper spawning in Cockburn Sound or in the vicinity of a whale carcass) would initiate an 
order to deploy temporary drum lines. For example, if a whale carcass lands or comes near a 
beach, the policy is for the beach to be closed to all water activities. If beaches are closed this is 
then not considered an imminent threat as the risk to public safety has already been reduced 
through other management measures.  
 
Within the MMAs, the criteria (as described above), state that public safety must be of concern 
(e.g. beach is occupied, shark remains in the vicinity, shark is close to shore etc.) before initiating a 
response. While efforts are made to avoid areas of known white shark aggregations, and reduce or 
remove the hazard through other management measures where possible before initiating the 
deployment of temporary drum lines, it should be noted that the MMAs were designed as areas 
offering increased shark hazard mitigation measures to water users at peak usage times. This 
includes not only the deployment of static drum lines, but also through the ability of a contractor to 
respond quickly to identified shark threats. The DoF Operations Manager is responsible for 
initiating the deployment of temporary drum lines within an MMA and will do so in following the 
criteria set out in the Management Plan (now at Section 7). However, it should be noted that, unlike 
the eastern states and South Australia, there are currently no known aggregation sites of white 
sharks for pupping or other reasons within either of the MMAs. 
 
Moreover, irrespective of where white sharks are caught under the program, the overall catch limits 
and trigger points will apply. The risk to the population therefore does not change with the location 
of capture. 
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Gear configuration 
 
DPC Response 
The large circle type hooks used in the Western Australian program are considered to be a 
significant factor in reducing the risk of non-shark bycatch and limiting the number of sharks under 
three metres that are caught. The hook size was essentially a compromise between minimising the 
catch of non-target animals, but recognising that post-release mortality of any non-target species 
would likely be high. Should the hook size be reduced, it is highly likely that there will be a greater 
overall environmental impact as, based on experiences elsewhere, the species composition of the 
bycatch, and number of small sharks caught on smaller hooks, could increase greatly.  
 
The Queensland Shark Control Program uses a 14/0 Mustad J Hook. Their shark catch rates on 
drum lines for 2013 were approximately as follows (note data on non-shark bycatch is not 
published): 
 

Shark Species Number And Size 

Blacktip reef whaler 
12 <100cm 

45 between 100 and 157cm 

Bronze whaler 1 @ 177cm 

Bull whaler 
3 <100cm 

55 between 100 and 195cm 
18 between 200 and 250cm 

Common blacktip 
1 @ 85cm 

1 @ 110cm 

Creek whaler 1 @ 110cm 

Dusky whaler 
1 @ 120cm 

5 between 200 and 210cm 
1 @ 310cm 

Graceful whaler 1 @ 140cm 

Great hammerhead 

1 @ 85cm 
4 between 150 and 195cm 

1@ 245cm 
1 @ 270cm 

Grey nurse 1 @ 230cm 

Long nose whaler 
12 < 100cm 

20 between 100 and 200cm 
1 @ 210cm 

Mako 1 @ 361cm 

Pigeye whaler 
2 < 100cm 

3 between 100 and 180cm 

Sandbar whaler 
2 < 100cm 

19 between 100 and 190cm 
1 @ 275cm 

Scalloped hammerhead 

1 @ 45cm 
2 between 165 and 195cm 

1 @ 270cm 
1 @ 330cm 

Sharptooth 
2 between 163 and 190cm 
5 between 200 and 260cm 

Spot-tail whaler 
5 < 100cm 

21 between 100 and 145cm 

Tawny 17 between 200 and 270cm 
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Tiger 

2 < 100cm 
54  between 100 and 195cm 
63 between 200 and 295cm 
33 between 300 and 395cm 

2 >400cm 

White shark: 
1 @ 265cm 
1 @ 270cm 

 
         
A gear selectivity trial may be incorporated into the program to investigate the effectiveness of J 
hooks versus circle hooks of comparable sizes.  
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Overall risk assessment 
 

The risk assessment, specifically as it relates to white sharks, draws heavily on the 
analyses presented in Appendix 9: A risk-based, weight of evidence approach to determine 
the range of plausible estimates for the south-western Australian population of white 
sharks - Working Draft. It specifically draws on estimates of population size provided in that 
document and the conclusion that white shark numbers are increasing. However, there are 
significant flaws in the conclusions presented in Appendix 9 and the lack of information 
provided in that document on how historical catch scenarios were developed diminishes 
confidence in the proponent's risk assessment for this species (see below for specific 
comments on Appendix 9). This does not necessarily mean that the conclusion of negligible 
risk is incorrect, but the information provided is inadequate to judge that level of risk. 
 
DPC Response 
The risk rating generated by the risk assessment for white sharks was not based on the conclusion 
that white shark numbers are increasing. The risk rating was based on the assessment of the 
potential impact on the most conservative plausible estimate of population size, which in this case 
was for a population that was not increasing. The assessment is therefore based on a ‘worst case’ 
scenario. The risk analysis section states: 
 
“All lines of evidence indicate the size of the southwestern population is either stable or increasing 
over the past decade. With anticipated captures less than 10 white sharks per year, the proposed 
Drum line Program would add less than 10% to the current annual levels of capture. Therefore, 
even using the most conservative plausible estimate of current population size (> 3100), with the 
expected very low levels of additional annual mortality the modelling identify this would generate 
minimal effects on the population size.” 
 
That the additional mortality that the three year drum line program would generate would be less 
than 10% of the current level of annual mortality, across a very short time period in relation to the 
life history of this species with none of the estimates indicating this population is in imminent 
danger, are the two most important pieces of information in determining the relative risk of the 
program to this population, not whether the population was increasing. 
 
“All of these estimates indicate that the population size is well above the level where risks to 
population viability and longer term sustainability would be of concern. Consequently, the proposed 
additional removal of a relatively small number of white sharks (< 10/year – less than 10% of the 
current estimated level of annual capture) for public safety purposes in the two MMAs is highly 
unlikely to make any material effect on this population.” 
 
It should also be noted that, as per 2.1.3, the risk assessment assumes a worst case scenario in 
terms of sex ratios of animals caught on the lines. The trigger point of 20 white sharks over three 
years assumes a catch of 100% females, and of three metres or greater in total length. While the 
exact size at which female white sharks become sexually mature is unclear, they are thought to 
reach sexual maturity at approximately >430cm (Casey & Pratt 1985, Cliff et al. 1989, Bruce 1992). 
It is therefore unlikely that a) every white shark caught in the drum line program is female and b) 
that if every white shark caught in the drum line program is female, that they are all >430cm and 
therefore represent a breeding female. The risk in terms of a breeding population of 700 females 
can therefore still be considered negligible. 
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It is, however, possible that white shark numbers have increased. What is most likely to 
have been significant for the white shark population west of Bass Strait (including WA 
waters) since the species protection is the reduction in effort within fisheries previously 
identified by Malcolm et al. (2001) as responsible for the highest bycatch of the species. The 
reduction in effort in target shark fisheries in the Southern and Eastern Scalefish and Shark 
Fishery (SESSF) as well as a reduction in effort in Western Australian shark fisheries 
(including spatial closures) have been directed at sustaining commercial species and 
reducing impacts on marine mammals vulnerable to the gears used. The reduction in effort 
has likely resulted in a reduced impact on the white shark population by means of reduced 
bycatch and the survival through the release of some that are caught. There is some 
evidence that white shark populations in other areas of the world have benefited from a 
combination of their protection and fisheries management actions designed to improve the 
status of commercial shark species (Burgess et al. 2014; Curtis et al. 2014). Thus it is also 
plausible that white shark populations have benefited from these similar actions in 
Australia, but there is little empirical data to confirm this. 
 
DPC Response 
The likely effects on the bycatch levels of white sharks that have resulted from the changes to the 
management arrangements for the shark fisheries that operate in the area where the southwestern 
population of white sharks reside have been assessed with the results outlined in Appendix 9 of 
the PER. This study found: 
 
“The annual estimated number of white shark captures across the WA to western Bass Strait 
region (see Fig. 1) has decreased substantially from a maximum estimate level in 1988 of 261 per 
year (182-357 95% CI) to the current annual estimate across the entire population of 92 (71-115, 
95% CI). The reduction in catch level has largely been due to the reductions in fishing effort in the 
two main fisheries which were aimed at improving the sustainability of target shark species (e.g. 
school and gummy sharks).” 
 
This reduction in effort was also noted in a detailed ecosystem modelling study of the marine 
ecosystem off South Australia (Goldsworthy et al. 2013). This modelling used one of the most 
intensive sampling regimes undertaken in Australia to determine trophic relationships across a 
wide number of species. Ecosystem simulations indicate that the functional group “pelagic sharks”, 
which includes white sharks, have most likely experienced population growth and this “appears to 
be primarily to be driven by reductions in fishing mortality”. 
  
Consistent with these studies, the comments in the peer review seem to suggest support for the 
notion that the current risks to white sharks may have been substantially reduced and an increase 
in the white shark population is therefore plausible. 
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The risk assessment provided by the proponent indicates that the catch of 163 tiger sharks 
in the January to April trial program of which at least 64 were dead or euthanized and actual 
mortalities likely to be significantly more was "not considered to have exceeded those 
outlined within the initial risk assessment which would generate a negligible impact". The 
proponent then identifies that the 'annual' catch levels of the extended program (November 
to April) is expected to be 300. The original risk assessment estimated that only 10-20 tiger 
sharks would be killed by the trial program and that the number required to induce a 
measurable change in the tiger shark population would be in the order of 100s. This 
suggests that the extended program has the capacity to create a measurable change in the 
population of tiger sharks, particularly if post release mortality is high. Whilst this level of 
impact may be sustainable, it would again be good practice for the proponent to have a 
clearly defined upper catch limit under the program to reduce the risk of adverse population 
and ecosystem level impacts. 
 
DPC Response 
This comment is completely consistent with the conclusion presented in the risk assessment which 
stated: 
 
“If the levels of capture of tiger sharks generated by this program remain within the anticipated 
levels combined with assuming high levels of release mortality rates this level of annual mortality 
(40t) for three years it would be possible (Likelihood Level 3) for the program to generate a minor 
consequence (Consequence Level 1). This would represent a potentially measurable but relatively 
small decrease in their total abundance could occur.   
 
The requirement to have annual acceptable levels of capture are covered in 2.9.1 and within the 
Response to the Peer Review sections of this document. 
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Comments on Appendix 4: A correlation study of the potential risk factors 
associated with white shark attacks in Western Australian waters. 
 
General Response to Reviewer’s comments on FOP 109 
Historically there has been a wide range of subjective opinions and theories being cited in the 
press and elsewhere about what conditions, times and other factors increase the likelihood of a 
human-white shark interaction that may have been misleading the public.  
 
As a result, the study that is reported in Fisheries Occasional Publication 109 (2012) (FOP 109) 
was undertaken to test whether there was any validity in these theories and determine if any 
factors were plausible in explaining the occurrence or frequency of shark attacks. These results 
have enabled the Government to consider any plausible factors as part of their overall shark 
hazard mitigation policy. 
 
Given the available data, it was not possible to undertake either a detailed modelling or complex 
statistical exercise as white shark attacks in Western Australia (and elsewhere) are rare events. 
This is even stated in the peer review on page 13 of the report, “It is also important to note that 
despite its high profile and profoundly tragic consequences, shark attack is rare in WA relative to 
the number of water users and the difference between no attacks and a few attacks in any one 
year may be random chance.” 
 
Finally, it would not have been appropriate from a public safety perspective to completely dismiss 
the possibility of some relationships just because a significant correlation could not be found. This 
would be opposite to employing the environmental precautionary principle. Consequently, FOP 109 
also examined whether those factors which were examined, but that did not generate a clear result 
based on quantitative analysis, should still remain plausible.   
 
For example “it must be noted that given the small size of the dataset available, it was difficult in 
some cases to conclusively examine each of the related factors and generate definitive 
conclusions. In such cases it was therefore determined whether a particular factor should remain 
as being plausible” and “while there was no definitive evidence of the effect of seal colonies on 
attack rates, these results may reflect relatively lower levels of human water activity in these 
regions. Therefore it remains plausible that there is an increased risk of attack near these 
colonies”. 
 
 

This document compares data on white shark attacks in Western Australian waters to a 
series of other data sets in the form of linear correlations. The report concludes that the 
incidence of white shark attacks in WA waters has 'slowly increased over the past two 
decades' and that this has occurred at 'a rate faster than human population growth'. This 
finding is similar to that reported by Curtis et al. (2012) in their world-wide analyses of white 
shark attacks, but is not consistent with the study of West (2011) who reported that the 
increase in incidence of shark attacks (albeit referring to incidents from all species 
combined) was similar to human population growth across Australia as a whole. 
Irrespective of these comparisons, all such studies have concluded a steady increase in the 
incidence of white sharks over time. 
 
DPC Response 
That FOP 109 found an increase in the rate of shark attacks even after accounting for population 
growth is significantly different to that found by West (2011). An increase in the rate of attacks per 
person has very different social and biological implications compared to just an increase in the 
number of attacks purely as a function of population size. 
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There are many difficulties when simply comparing the incidence of shark attacks to human 
population growth. The simple statistic of human population growth does not take into 
account variations in regional demographics, changes in human population distribution 
and variations in lifestyle and behaviour of people over time. Specifically, it does not take 
into account changes in recreational water use which no doubt has varied over time in WA 
waters. 
 
DPC Response 
An attempt to use broad human distribution (see figure 3) was undertaken. Page 4 of FOP 109 
states “distribution of attacks appears strongly related to where the majority of the population 
resides and therefore where the highest levels of water activities are being undertaken. The pattern 
also probably reflects differences in where white sharks are more likely to occur along the WA 
coast”. 
 
Accounting for changes in participation rates was not included in FOP 109, however the updated 
assessment present in Appendix 9 of the PER did examine this aspect and found that “this 
increasing rate per resident was unlikely to have been generated by increased participation rates in 
water related activities given that the rate for all recreational activities in WA has fallen slightly over 
the past decade and, specifically, for surf related sports (which is one of the main categories of 
activities involved in the attacks), it has fallen from 2.1% in 2005/06 to 1.2% for 2011/12 (ABS, 
2013).” 
 
In addition, a subsequent study provided a useful additional analysis of recreational water usage 
(surfing, diving, swimming). An independent study of shark bite risks in Western Australia by 
Sprivulis (2014) included an analysis of the Australian Sports Commission’s published surveys on 
participation in recreational activities. Sprivulis (2014) examined these data and determined that 
“despite significant total population growth in Western Australia, water sport participation data for 
Western Australia in the 10 years 2001-2010 showed a non-significant decreasing trend from 
4,171,000 to 3,394,000 surf sport or diving episodes per year”.  
 
Consequently, factors other than human population growth and participation rates must be 
involved in the increasing rate of attacks that has been experienced off Western Australia in the 
past two decades.   
 

The proponent concludes statistical or graphical support for significant or plausible 
correlations between shark attacks and eight out of 17 data series examined. The statistical 
tests used to achieve these results are not described, a quantitative level of significance is 
quoted in only three cases and there is no rigorous definition of how 'plausibility' was 
assessed when it was concluded. The report does not provide sufficient information to 
permit a thorough assessment of its scientific rigor. 
 
DPC Response 
The objective of the report was to determine what factors/conditions were plausible in increasing or 
decreasing the frequency and likelihood of a white shark attack and not to invoke causative 
mechanisms. “These correlation based analyses were aimed at determining whether improved 
guidance could be provided to the WA public for use in evaluating their personal risk profiles when 
considering undertaking activities in the marine environment” (page 3). Thus, FOP 109 was written 
for a popular audience and hence published as an FOP and not as a peer reviewed research 
report.   
 
Nonetheless, as outlined above, FOP 109 acknowledged the scarcity of white shark attacks, 
limited data on a range of other factors and gaps in data sets. Where possible, quantitative 
statistical correlation analyses were completed. Where even this was not possible a qualitative, 
graphical analysis was undertaken.  
 
The results section of FOP 109 (pages 4 – 9) summarises patterns (correlations) in the datasets 
and states if there was or wasn’t a significant correlation or clear pattern or trend in the data. If 
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there was a correlation then it was identified what the next steps should be. If there was not a 
correlation, the ‘plausibility’ was assessed on subjective, expert opinion assessment based on the 
patterns seen in the dataset and other information. 
 
It should be noted that a wide range of other factors (some highly speculative) are present in the 
wider community (e.g. influence of whale migrations) and these were not included due to the 
difficulties in using the data.   
 

The report, however, makes two useful observations- these are that available data in WA 
suggest: 

a) the incidence and annual regularity of white shark attacks has slowly increased since 
1995/96 and, 

b) attacks by white sharks tend to occur more frequently during winter and spring. 

The remaining correlations provide little useful information and, in general, are more likely 
to be heavily biased by hidden factors that influence the behaviour of water users and the 
areas that they use, rather than a relationship with shark attack. 
 
DPC Response 
In addition to the two observations noted above, this study identified that the relative risk of white 
shark attack appears to be higher for activities undertaken further offshore from the coast, 
particularly in cooler waters (< 20°C). Activities undertaken in shallow water close to the mainland, 
and especially when the water is relatively warm (> 22°C), appear to have the lowest relative risk.  
This is a very important public policy outcome.  
 
FOP 109 has been successful at dismissing some of the more widely held ‘beliefs’ which in a 
public policy context is equally important. Thus it was also important to identify that time of day and 
weather conditions had no clear effect on the risk of shark attack. 
 
FOP 109 led to the development of web page for the public that provides greater guidance when 
making personal risk assessments of water usage and considering the risk of white shark attack 
(www.sharksmart.com.au).  
 

Correlation data can be a useful method for developing hypotheses about what causes 
something to happen. However, the greatest limitation of such analyses is interpreting any 
observed correlations in a useful way. Although a causal relationship between two data 
sets leads to a correlation between them, a correlation may occur between two sets of data 
even when there is no causal relationship. A commonly expressed summary of this is the 
phrase 'correlation does not imply causation' (Aldrich 1995). The report thus establishes 
that correlations exist between various data series and shark attacks but fails to test the 
validity of any of these correlations. 
 
DPC Response 
It is agreed that correlation does not imply causation but the main point of this study was to identify 
where more future, more detailed research should be focused. If there is no correlation associated 
with an issue there is no point looking for any mechanism. That this was a preliminary study was 
documented clearly in numerous locations within FOP 109 text. 
 
For example in relation to increasing attack rate it states:  
 
Investigations into the long term trend, the cycles and the recent spike in attacks are currently 
underway. 
 
“…“Differences among years in oceanographic conditions are also expected to be associated with 
inter-annual variations in white shark abundance in the regions along the WA coast. Any 
quantification of this, however, would be reliant on the further data being collected through 
research activities such as the shark monitoring (tagging) program and a more detailed 
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investigation of the oceanographic data across this 20 year period which are both part of the next 
phase of this study.” 
 
Next Steps 
 
Studies have been initiated to investigate the factors that may be associated with the upwards 
trend in the rate of attacks over the past 20 years. This will also examine any factors that may be 
associated with the cycles observed in the relative number of incidents during this period and 
especially any factors that may be associated with changes in conditions during the past 12 
months.   
 
Any additional information that is found through these studies that may further assist the public to 
update their personal risk assessments for when, where and what water based activities they may 
be considering will be added to the community education material. 
 
 

The proponent makes somewhat of an over-use of data in the figures of Appendix 4 with 
five showing different correlations defined by aggregating the same data in five different 
ways. The use of these multiple figures for the same data does not materially increase the 
significance of the results. 
 
DPC Response 
There appears to be a misunderstanding regarding the figures, as Figure 1 examines the change 
in number of attacks over the 20 year time period whereas Figure 2 examines the change in the 
rate of attacks per head of population over this per time period. These are two very different 
analyses with very different implications. 
 
Presenting all three methods for assessing these two variables (by calendar year, financial year 
and pooled across two years) was done to ensure there was no possibility of only picking the one 
that showed the ‘best’ relationship. It should be highlighted that pooling among years is an 
appropriate approach when the data are patchy and has attributes akin to a random distribution. 
 
The positive correlations found for both the number of attacks and the rate of attacks per head of 
population over the past twenty years are important findings. 
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It is notable that the main theme implied by the findings in Appendix 4 is that the rate of 
white shark attacks in WA cannot be explained by human population growth. This theme is 
also mentioned in other sections of the PER document. Yet the proponent does not 
examine a direct correlation between shark attack and human population size. 
Notwithstanding the above caveats, when these data are examined there is a significant 
positive linear correlation between these two variables for the greater Perth area where the 
majority of attacks have occurred (Figure 1) although this relationship only explains 34% of 
the variability in the data. 

 
 

Figure 1: Correlation between the annual (financial year) incidence of white shark attacks in WA and 
the Greater Perth population (1995/96 to 2013/14); Shark attack data sourced from the Australian 
Shark Attack File; Population data sourced via the Australian Bureau of Statistics. The equation 
provides the details of the plotted regression line, its defined R

2 
value and statistical significance (p). 

 
DPC Response 
Figure 1 is effectively assessing attacks against increasing population size because time in this 
instance is a proxy for population size. That a correlation was found between attacks and 
population size is not unexpected assuming consistent rates of participation. What was more 
surprising was finding that the rate of attacks per head of population had also been increasing. this 
identified that population size alone should not be used to ‘explain’ the observed increases. 
 
The assessment of the rate of attacks investigates if there has been a change in the risk of attack 
to an individual, not just whether the total number of attacks has changed. If there was no change 
in the rate of attacks then it would be more likely that the observed increase was largely due to 
increasing population numbers. FOP 109 also identified that shorter term factors are also 
important. 
 
As stated above, page 4 states, “This suggests that the risk of attack has been increasing through 
this 20 year period beyond that expected from human population growth. Furthermore last year’s 
(2011-12) rate was well above this trend.”   
 
Given that a significant change in the rate of attacks was identified, it was no longer appropriate to 
only use population growth to try to explain the data. 
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Thus an equally plausible contributing factor to the slow increase in shark attacks over time 
is an increase in the human population size in Western Australia. This factor is ignored in 
Appendix 4. The actual correlation between the incidence of shark attack and population 
growth may be even higher as population growth and recreational water use are unlikely to 
have been constant over time as a result of changing patterns of wealth, demographics and 
lifestyle choices. 
 
DPC Response 
The comment seems to mix two elements. Part of the increase in the number of attacks is likely to 
be the increase in population size. However, as stated above that does not explain all of the 
increases observed, as the rate per head of population has also increased.  
 
While it may remain plausible that it is only due to population increase, it is not ‘equally plausible’ 
as stated. For that to occur there would have had to have been no increase in the rate of attacks 
per head of population. It is not appropriate to ignore the significant increase in the rate of attacks 
to justify a position. 
 

It is, however, unlikely that human population growth alone can account for all patterns 
observed. This suggests that there are other factors contributing to the pattern of shark 
attacks in Western Australian waters which may include variations in the distribution of 
sharks due to responses in biological and/or environmental variables and changes in their 
population levels. Disentangling these factors will not be easy to achieve. 
 
DPC Response 
Human population numbers will have an influence on shark attacks but is unlikely to be the sole 
factor to account for patterns observed. This is due to a range of factors that complicate the 
interpretation of numbers of people in Western Australia (e.g. distribution, use of marine waters, 
weather and climate events, shark behaviour, distribution and population size etc.).  
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Comments on Appendix 9: A risk-based, weight of evidence approach to determine 
the range of plausible estimates for the south-western Australian population of 
white sharks (working draft). 
 

Demographic modelling is a useful exercise and, when coupled with verified data on the 
requisite biological parameters, can provide estimates of the vulnerability of a population to 
the combined effects of fishing and other non-natural sources of mortality. Such analyses 
have generally provided similar results for populations of white sharks where this method 
has previously been applied and include other examples for Australian waters (Malcolm et 
al. 2001, Hillary et al. 2012) and off the west coast of the US (Burgess et al. 2014). The 
results of these approaches are highly sensitive to assumptions regarding the parameters 
used. 

All of these approaches (including the proponent's) have used either the same or similar 
parameters and thus it is entirely unsurprising that each has reached similar population 
level conclusions. However, as stated by Cortes (2007) in his review of demographic 
modelling as applied to shark populations: "..it is impossible to gauge the accuracy of any 
of these estimates without comparison with empirically derived estimates, which rarely 
exist". 
 
DPC Response 
The modelling approach used in this study was not identical to the other studies mentioned in two 
major respects.  
 
Firstly, the study did not just use a single set of defined parameters to generate the scenarios. Two 
different suites of parameter values were generated; one used more standard biological 
parameters and the other used a more conservative set. In addition, each biological parameter 
used in each set incorporated a level of uncertainty. Furthermore the resultant matrices were then 
used in a dynamic manner to model the potential impacts that fishing may have had on white shark 
population size and trajectories since 1940. This approach has not been done before. 
 
In addition, the outputs of the different scenarios generated from the demographic modelling were 
examined ‘to gauge the accuracy’ using available empirical and other data. Consequently the 
methods outlined in the peer review are precisely what was done in the study, using a weight of 
evidence approach which is the most appropriate and robust framework to systematically complete 
the exercise.  
 

Appendix 9 provides few details on how key parameters were estimated. Two of the 
significant parameters that dictate the predicted trajectories and current population 
estimates are the initial population size from which the model is run and the catch history of 
white sharks across the population. Modelling minimum viable population levels and 
population trajectories for white sharks via demographic models as used by the proponent 
are scientifically useful exploratory exercises but highlight the critical uncertainties and 
lack of information available to adequately assess current population size, population 
status and hence the likely impacts of any additional removals from the population. The 
outcomes of such modelling are heavily dependent on underlying assumptions relating to: 
biological parameters, initial population size (which is unknown), current/historical catches 
across the populations range (which are poorly documented) and either explicitly or 
implicitly assuming that some catches or trajectories are sustainable or more plausible 
compared to others (for which there are few data to adjudicate). It is important to note that 
such exercises are not stock assessments and they do not provide estimates of actual 
population size. 
 
DPC Response 
The study is a working draft that relies on the details for some sections being contained in more 
detailed reports (Taylor et al, in prep, Braccini et al., in prep). The biological data used for the 
parameter values comes from a chapter written for this report, prepared by CSIRO. 
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The issues identified in the peer review for developing the population scenarios and estimates are 
well known and apply to all stock assessment techniques. The dynamic methodology used here 
was akin to a standard stock assessment technique because it generated historical estimates of 
total female population size from 1940 to present, including historical levels, trajectories and 
current levels, rather than a single point estimate as is generated by most demographic models. 
 
It was in recognition of some of the biological parameter values being not well known that a range 
of different scenarios was generated. Each of these scenarios was then examined against the 
other available data to refine which were more plausible. This approach is identical in concept to 
the quantitative stock assessment approach of having a computer program run minimisation 
routines of a suite of parameter values (with uncertainties) to generate a set that best fit with 
ancillary data, the output of which being a median estimate of stock abundance with confidence 
limits. There was not considered to be sufficient quantitative data to apply this approach. Hence a 
more qualitative assessment approach was used that generated ranges of more plausible values, 
which collectively can be used to describe the confidence levels.  
 
It was also acknowledged that each of the different additional lines of evidence may have some 
issues: “it is acknowledged that there are uncertainties associated with each of the available lines 
of evidence and life history parameters. If used by themselves, none is likely to be sufficient to 
discern current plausible population levels and trajectories for the southwestern Australian 
population of white sharks. The clear advantage of using a risk based weight of evidence approach 
is that while each line of evidence may have issues, their collective use substantially increases the 
overall robustness of the conclusions that can be made.”  
 

The proponent has arbitrarily defined a range of initial population sizes, arbitrarily defined a 
'starting point 'equating to a time of virgin biomass, modelled various trajectories based on 
assumed historical catch scenarios - the basis for which are not defined in Appendix 9, 
selectively culled trajectories and used the resulting model output to estimate population 
sizes relative to their assumed virgin biomass. These choices provide the basis for useful 
exploratory analyses. However, very few of the key parameters used have robust empirical 
measures and this is the challenge for interpreting such model outputs. Although it is 
possible that the actual population and even the trajectory of the current population may 
fall within the boundaries of the proponent's model outputs, without empirically derived 
estimates it is impossible to adjudicate their veracity. There is some evidence that white 
shark populations in other areas of the world are increasing and have benefited from a 
combination of protection and fisheries management actions designed to improve the 
status of commercial shark species (Burgess et al. 2014; Curtis et al. 2014). Thus it is also 
plausible that white shark populations have benefited from similar actions in Australia. 
However, conclusions of possible population increases by these other studies are based on 
empirical data in the form of verified catch or observation rates (e.g. Lowe et al. 2012). The 
proponent provides no useful empirical data in similar to support. 
 
DPC Response 
As outlined above, the approach taken in this study was not different to that undertaken in other 
stock assessment processes throughout the world. The set of starting values, whilst broad, was not 
arbitrary. The starting levels were not time based as all scenarios started in 1940 prior to any 
material level of white shark captures. Full details on determining the different starting levels of 
between 2,000 and 10,000 will be provided in Braccini et al. (in prep). In particular, the starting 
values at the lower end were directly constrained by whether or not the population would have 
survived to the present day based on its ability to actually accommodate historical levels of fishing 
mortality. 
 
The additional lines of evidence (which are empirical data which in some cases are observer 
based) were used to ‘adjudicate’ among the various scenarios. It appears then that the peer review 
supports the approach taken in the study. 
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The proponent then argues that they have assessed the "plausibility" of their demographic 
modelling scenarios based on the consistency of model output with "other lines of 
evidence". The document draws information from five* other lines of evidence to support 
the conclusions of the demographic modelling, hence resulting in their "highly innovative 
weight-of-evidence" approach. 

*Appendix 9 cites eight line of additional evidence. However, one of these - 'Catch Rate of 
Commercial WA Fishers' forms the basis for calculating population scenarios by the demographic 
modelling and thus is not an 'additional line' of evidence. Two lines of evidence - 'Public reported 
sightings' and 'Tagging' data were judged too inconclusive to provide support. 

 
DPC Response 
It is not correct to dismiss the use of the time series of catch rates to discriminate among the 
scenarios as it was part of the development of the catch history. Use of these types of data in this 
context is entirely consistent with the similar use of catch rate data in the quantitative assessment 
models that are applied across many data rich fisheries. Tuning a model to catch rates to 
determine stock size is one of the most common methods used in fisheries.  
 
The time series of historical catches was determined by combining the catch rates determined from 
‘interviews with fishers’ with the ‘fishing effort reported in logbooks’ (i.e. these two variables were 
independent) using a linear modelling approach. In a traditional fisheries model, an initial 
population size consistent with the catch rate, catch, and effort data would be estimated using a 
maximum likelihood approach. In the case of the white shark ‘fishery’, for each of a number of 
alternative initial population sizes, a time series of population abundance is calculated by removing 
the estimated catches from the population, which is assumed to possess biological characteristics 
consistent with those of white sharks. While the resulting trajectories of relative abundance are 
consistent with the removal of the estimated catches, the extent to which they are consistent with 
the trend in catch rates is determined by the value of the initial population. By appropriate ‘tuning’ 
of the initial population estimate, it would be possible to ‘fit’ the relative abundances to the catch 
rates. Because of the quality of the white shark data, however, it is appropriate that, rather than 
fitting the model using a maximum likelihood approach, comparison of the trend in relative 
population abundance with the trend exhibited by the three catch rates should be considered as 
one of the lines of evidence determining the level of support for each of the different levels of initial 
population size. 
 
Consequently, the conclusion in the peer review that these data cannot be used to assess among 
the different scenarios is inaccurate.  
 

However, the data in these lines of evidence are highly ambiguous and in all cases there are 
either alternative plausible interpretations, caveats on the use of these data at their source 
have been ignored or the data have been used out of context. There is thus insufficient 
information within the lines of evidence to support or refute the 'plausibility' of the 
proponent's modelling and the support concluded in each case is highly subjective and 
cannot be substantiated. Thus these assessments of plausibility lack credibility. 
 
DPC Response 
As outlined above, while there may be some uncertainties within the data this does not 
automatically mean they are not useful. Similarly, while alternative explanations were in some of 
the cases developed in the peer review, that does not mean they were equally as plausible or that 
they were even consistent with a proposed alternative scenario. 
 
 “it is acknowledged that there are uncertainties associated with each of the available lines of 
evidence and life history parameters. If used by themselves, none is likely to be sufficient to 
discern current plausible population levels and trajectories for the southwestern Australian 
population of white sharks. The clear advantage of using a risk based weight of evidence approach 
is that while each line of evidence may have issues, their collective use substantially increases the 
overall robustness of the conclusions that can be made.”  
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“Using basic statistical theory it is possible to determine when it becomes improbable that a 
scenario is plausible based on the relative number of relevant lines of evidence that are considered 
inconsistent with the scenario.” 
 
Similarly, whilst other explanations may be possible to be constructed, it was outlined in the 
introduction of the draft report that “the appropriate focus for applying the precautionary approach 
has been towards human safety such that if there are potential threats to human safety, the lack of 
full scientific certainty should not be used to postpone measures to prevent further harm. 
 
Thus, while uncertainty is recognised, this should not automatically preclude the use of these data 
where it is consistent with a particular scenario.   
 

1. WA ABALONE DIVERS OBSERVATIONS 

The document refers to sightings logged by abalone divers since a specific category for 
reporting white shark sightings was introduced in 2007. The data are extremely sparse, 
primarily dealing with zero observations. When white shark sightings were aggregated over 
the entire 2007-2013 period, observations were limited to within 13 out of approximately 100 
blocks of unspecified size (but assumed to each be 100 nm2 based on Hart et al. 2013). 
Cumulative shark sightings over this entire seven-year period within each of the 13 blocks 
where sharks were reported ranged from 1 to 4. When these data were standardized for 
diving effort, the range within these years was approximately 0.5 to 1.7 sharks sighted per 
1000 hrs of diving. Given the low numbers, the high level of zero sightings and the unstated 
level of reliability in reporting, it is highly unlikely that these data provide a useful index at 
this stage. However, the concept is a good one and abalone divers should be encouraged to 
report sightings over time. It will be important, however, to examine ways of verifying the 
extent and variability in reporting, as changes in reporting rate or motivation to report can 
severely bias such data, particularly when observed numbers are so low and data are 
examined over short time periods. Such low numbers of sightings can also be influenced 
by repeat observations of the same shark when diving in one area. The document also 
refers to a phone survey of seven 'long-term' abalone fishers who all reported that white 
sharks were more abundant in 2013 compared to when they commenced diving (reported 
average years of diving = 20.9). Notably, however, six of the seven divers surveyed admitted 
that their conclusion was not based on observing more sharks, but on their perception that 
more sharks were present. Given that reported observations of white sharks are so low over 
the time period and that comments on sharks numbers were, in the majority, not based on 
any increase in the number of sharks actually sighted - the conclusion by the proponent 
that these data are "most consistent" with no change or a slight increase in shark 
population size cannot be supported. 
 
DPC Response 
The telephone survey and the logbook are not the same. They are different datasets collected by 
different groups independent of each other. Only the logbook data were used and these are not 
based on perceptions but on daily catch returns filled in by all divers.   
 
The potential concerns raised in the peer review that there could be ‘repeat sightings’ is at odds 
with other concerns of low observation rates. Repeat sightings would only be an issue if the divers 
were frequently reporting more than one shark per trip; this is not the case. Therefore, no issues 
have been raised that would indicate that these data are completely inaccurate, only that they may 
be imprecise, which is acknowledged. 
 
Given that only a simple trend line analysis of these data was possible, the assessment of 
consistency was restricted to whether the population trajectory over the past decade for each 
scenario was static or upwards, which would be the most consistent with these data, or if the 
population trend was downwards, which would be less consistent with these data.  
 
It is much less plausible that there has been a major decline in shark numbers over this period and 
for the trend in diver observations of white sharks not to show any reflection of this. 
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2. NEPTUNE ISLAND SIGHTINGS 

The document refers to the long-term (12 year) frequency of white shark sightings at the 
North Neptune Islands, South Australia reported by Bruce and Bradford (2013). This study 
examined the number of sharks sighted over the period 2000 to 2011, specifically focusing 
on the impact of changes in shark cage-diving operations before and after a sustained 
increase in effort in 2007. While the Bruce and Bradford study found that the number of 
sharks sighted per day by cage-dive operators had significantly increased after 2007, this 
was concluded to be caused by an increase in residency times in response to shark cage-
diving operations, hence resulting in sharks temporarily accumulating at this site. The 
study found no similar changes at the South Neptune Islands, 12 km away, where the 
frequency of shark cage-diving was significantly less. The study reports no evidence of an 
increase in population size and states that "The lack of available measures of population 
size combined with these [observed] interannual variations/in the number of sharks 
sighted] makes it difficult to conclude population-level changes in abundance from these 
data." White sharks are temporary residents at the Neptune Islands (which holds Australia's 
largest aggregation of seals) with a median residency period of 9 days (Bruce and Bradford 
2013). The proponent's conclusion that data from the Bruce and Bradford study are "fully 
consistent" with either no change or a slight increase in population size cannot be 
supported. 
 
DPC Response 
That it may be difficult to use these data to assess changes is not the same as impossible.  
 
The assessment of consistency for a scenario against these data was not (as implied in the peer 
review) restricted to those that showed an increase. It was also applied to those with static 
trajectories in line with the authors analyses that at least some of the increase in total sightings 
was due to increases in ‘effort’. That other factors are involved in affecting the short term 
observations of shark numbers at these sites does not alter the conclusion that the longer term 
trends they have documented are fully consistent with either no change or potentially a slight 
increase in total shark numbers. This long term trend is not, however, consistent with a decline in 
shark numbers which would be the alternative outcome. The peer review did not outline how a 
major decline (which was the trajectory for some of the alternative scenarios) in the population 
could have been occurring over the past 20 year period without some observed decline in the 
‘standardised rate of observation’. Such a situation would also have a much lower level of 
plausibility.  
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3. WA SHARK ATTACK DATA 

The document refers to an increasing rate of white shark attacks in Western Australian 
waters since 1996 that exceeds the rate of the State's population increase, citing analyses 
in a Department of Fisheries Report which is included as Appendix 4 (see above for a 
review of Appendix 4). Notwithstanding the shortcomings of analyses presented in 
Appendix 4, the proponent argues that an increase in the rate of shark attack in WA could 
not be attributed to an increase in participation rates in water related activities, stating 
"..given that the rate for all recreational [water] activities in WA has fallen slightly over the 
last decade and specifically, for surf related sports (which is one of the main categories of 
activities involved in the attacks),it has fallen from 2.1% in 2005/06 to 1.2% for 2011/12" 
citing ABS (2013). The ABS (2013) report, however, clearly states with respect to the 2011/12 
data on participation in surfing that the "estimate has a relative standard error of 25% to 
50% and should be used with caution". This warning appears not to have been considered 
by the proponent in their analyses. Furthermore, although the participation rate reported by 
the ABS for other water activities such as swimming/diving8 in 2011/12 was also less at 
9.6% than that reported in 2005/06 (9.9%), the values over the period were not reported by 
the ABS to be significantly different. In addition, the proponent's comparison uses the ABS 
participation rate rather than the numbers of people engaged in the activity. Given the 
increase in WA's population over the period, the ABS data translates into an increase by 
approximately 31,000 in the number of people participating in swimming and diving 
activities over since 2005/06, not a slight decrease as the proponent concludes. An increase 
in the number of people participating in marine-based water activities in Western Australia 
is also predicted by surveys of beach use by Eliot et al. (2005) who concluded that there 
was a general increase in beach use between 1994 and 2004 by approximately 4% per 
annum and at some Perth beaches of up to 10% per annum over this period. The WA has 
consistently experienced the highest population growth rate of any Australian State over 
recent years (e.g. 2.9% in 2012/13) and the population of the greater Perth region has 
increased from 1,286,000 in 1996 by nearly 700,000 to 1,970,000 in 2013 (ABS 2013, DPI 
2009). It would seem more plausible that WA in general, and the greater Perth region in 
particular, have experienced a significant increase in the number of people using marine 
waters for recreational purposes rather than less as the proponent's document concludes. 
Despite these statistics, the number of shark attacks over the period August 2010 to July 
2012 was unusually high compared to any similar period previous or since in the State and 
this cannot be fully accounted for by increases in water use or increases in the population 
size of white sharks, should the latter have occurred. The proponent reasonably concludes 
that the increase in the rate of attacks by white sharks relative to the WA (human) 
population size cannot be fully explained by an increase in the white shark population 
alone, as under their own calculations it would require a biologically impossible rate of 
increase since the species protection and specifically for the 2010 - 2012 period. This 
statement is in agreement with general findings on white sharks in particular by South 
African researchers and research on the species in eastern Australia that has concluding 
that the frequency of attack is poorly correlated to the local abundance of the species 
(Bruce and Bradford 2012, Dicken and Booth 2013). The proponent reasonably concludes 
that the relationship between abundance and frequency of attack is not linear. Thus the 
proponent's conclusion that the observed trend in shark attacks (relative to population 
growth) "would be most consistent" with some level of increase in the white shark 
population also cannot be supported. 
 
DPC Response 
The issues outlined regarding the relative effect of population increases and rates of participation 
on the rates of attack per head of population were discussed in detail under the “Comments on 
Appendix 4” section of this document.    
 
Comments regarding the variance in ABS data and therefore that the level of participation may be 
the same across the period are noted, however this does not support a conclusion that the 
increase is therefore just population growth. Rather, even if participation has remained the same 
that still supports the conclusion that the increase in the rate of attacks per head of population is 
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generated by factors other than population size and participation, one of the plausible options 
being an increase in shark population.  
 
The conclusion in the report did not state that this increase in the rate of shark attacks definitely 
represents an increase in population numbers, only that it was plausible and would be most 
consistent with this pattern. It was also clearly pointed out that the doubling in the rate of attacks 
was not likely to be a reflection of the absolute increase in shark numbers. Nonetheless, that the 
total abundance of sharks must ultimately affect the total number of shark attacks at some point is 
axiomatic; if there are no sharks there can be no attacks. Hence, it is entirely plausible that an 
increase in the rate of shark attacks is consistent with some level of increase in shark numbers. It 
is much less plausible that it is associated with a decline in shark numbers.  
 
The discussion in the peer review of local observations related to numbers versus attacks is 
interesting but not relevant to determining cause and effect patters at the entire state level.  
 

4. OTHER WHITE SHARK POPULATION ESTIMATES 

The proponent compares their estimate of 'population size' with other calculations for white 
shark populations world-wide (including other Australian-based research). The proponent's 
document incorrectly states that a previous Australian study (Thomson in Malcolm et al. 
2001) "..used inputs that were largely based on annual capture data from what is now 
known as the eastern population". In fact, the dominant catch data in that study (over 75%) 
came from what is now known as the western population and that study's conclusions are 
thus readily applicable within the bounds of the caveats provided. As stated above, 
demographic modelling approaches (including the proponent's) to investigate white shark 
populations have each used either the same or similar parameters and thus it is entirely 
unsurprising that they have each reached similar conclusions regarding population levels. 
What remains unknown is how the model outputs in each case reflect the actual status and 
trajectory of the individual populations to which they have been applied. Comparing 
populations of white sharks between vastly different world regions is unlikely to be 
biologically sound as such simple comparisons fail to take into account differences in 
historical population processes and ecosystem characteristics that can result in different 
base level population sizes and trajectories. Other estimates of 'population size' for 
Australian waters are not referred to by the proponent including those by Blower et al. 
(2012) who estimated the effective population size (Ne) for the southwest population to be 
approximately 700. However, this was not an estimate of all life history stages combined, 
had very wide confidence limits and noted that the relationship between effective 
population size and actual abundance (i.e. population census size or Nc) is often complex 
and unclear. Given the uncertainties and biases in the population estimates from the other 
Australian studies and those world-wide, it is difficult to adequately compare such results 
between different populations and their veracity with respect to actual population sizes 
within the regions is unclear. It is thus unclear to what extent these data can be used to 
support or refute the proponent's modelled population estimates. 
 
DPC Response 
It is acknowledged that the study by Blower et al. (2012) was not included in the DoF study. This 
will be incorporated in future versions of the study. 
 
As outlined in the peer review the Blower et al. (2012) estimate of 700 was for ‘effective population 
size’ or ‘breeding pairs’ and not the total population (i.e. total includes juveniles, immature and 
mature adults) as was estimated in the DoF study. Given that the drum line program may 
potentially interact with white sharks across all these life history stages and sexes, and not only 
with breeding individuals, the assessment of risk needs to relate to the total population. As Blower 
et al. (2012) clearly acknowledge, their estimates have wide confidence intervals and are 
preliminary due to low numbers of genetic markers and samples, and therefore must be interpreted 
judiciously.  
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The methodology used in the DoF white shark population estimate uses an established 
methodology for calculating population numbers of shark species. For example, the use of catch 
data and observer reports forms the basis for a major review of the biology and status of white 
sharks conducted in 2001 by CSIRO (Malcolm et al. 2001). The use of mitochondrial DNA 
(mtDNA) for laboratory based population estimates however has been challenged as a means for 
determining population abundance (Bazin et al. 2006). 
 
Nevertheless, an estimate of 700 breeding individuals is not inconsistent with a total population 
size of 3,400 to 5,400 individuals as presented in the PER. Given that the proportion of this 
population that would be of breeding size/age is likely to be in the order of 15-30% (based on 
modelled population structures) using the Blower et al. (2012) estimate this would generate a total 
stock in the order of 2,500-4,600 individuals for the southwestern population. This range is similar 
to that generated through the DoF weight of evidence approach.  
 

5. COMPARATIVE DUSKY SHARK ESTIMATES 

This section provides no useful information on white sharks. The demographics of dusky 
sharks, as well as their ecology and fishery status, are sufficiently different to white sharks 
that such simple comparisons are not biologically meaningful. These comparisons give no 
measure of support. 
 
DPC Response 
The comparative assessment of dusky sharks is related to their relative rates of capture by the 
same fisheries, not their comparative demographic characteristics.  
 
The generation of abundance estimates for a population that has low levels of information by using 
data (such as catch rates) that are compared with species for which there are high levels of 
information is an approach that has been promoted by CSIRO researchers (e.g. Punt et al. 2011).  
Consequently, this approach was appropriate for use in this situation with the primary motivation to 
potentially provide information that may have helped determine the potential upper limit of the 
white shark population size. The resultant analysis did not help greatly with the discrimination 
among scenarios as the calculated estimates were too wide. This does not however mean it was 
an invalid exercise or that we should not report the outcomes. 
 

6. CONCLUSION 

Overall, there is little support for a "high level of consistency in the patterns seen among 
independent lines of evidence" with the model output as stated by the proponent. The 
problem with the 'weight-of-evidence' based approach used in this case is that it is open to 
significant bias depending on the qualitative 'lens' used to adjudicate the level of support 
provided. When used appropriately, a weight-of-evidence approach must consider all 
available lines of evidence, including an assessment of the veracity of 'supporting' as well 
as alternative interpretations of the data used. This does not appear to have been the case 
in the proponent's document and it correspondingly lacks credibility. 
 
DPC Response 
The comments in the peer review that there was little support for a high level of consistency in the 
patterns seen among the independent lines of evidence is demonstrably incorrect. All of the lines 
of evidence either showed stable or increasing trends with none showing evidence of a decline. 
This represents a high level of consistency. 
 
With respect to the efficacy of these lines of evidence, the peer review has identified that there are 
uncertainties in each of the lines of evidence and has therefore expressed reservations regarding 
any conclusions being made given the imprecision of the data sets. The peer review appears to 
suggest that unless data are without issues (which is unlikely to be available for the white shark), 
they should be completely rejected. This is not an appropriate position to adopt, especially within a 
risk assessment context.  
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In terms of issues with the individual lines of evidence, while the peer review identified elements of 
uncertainty (which DoF also acknowledge), the conclusions as to the lack of any value for each of 
these lines of evidence in discriminating among the alternative scenarios were incorrect. For 
example, some that are highly suitable have been dismissed in the peer review. The reason given 
in the peer review for not including the analysis of the catch rate line of evidence was inappropriate 
and this is a strong line of evidence that can clearly help discriminate the level of plausibility of the 
different scenarios generated by the demographic analysis.  
 
For others (abalone diver and cage diving observers) the peer review identified issues with the line 
of evidence precision but not their accuracy. Finally, the alternative hypothesis proposed (shark 
attack data) of it all being population growth was not consistent with all the analyses that were 
available. Hence the plausibility of this hypothesis was lower than that used in the weight of 
evidence analysis.   
 
Again reiterating from above “ . . .it is acknowledged that there are uncertainties associated with 
each of the available lines of evidence and life history parameters. If used by themselves, none is 
likely to be sufficient to discern current plausible population levels and trajectories for the 
southwestern Australian population of white sharks. The clear advantage of using a risk based 
weight of evidence approach is that while each line of evidence may have issues, their collective 
use substantially increases the overall robustness of the conclusions that can be made”.  
 
Blower et al. 2012 provides total stock estimates that have a range very similar to those developed 
in the DoF draft report. Furthermore an additional study based on the ecosystem modelling 
undertaken by Goldsworthy et al. (2013) indicates that pelagic shark biomass, which includes white 
sharks, has been increasing since reductions in shark fishing occurred in the 1990s. This 
independent, peer-reviewed result is consistent with the some of the more plausible scenarios 
identified in this assessment.  
 
It is important to point out that each of the individual scenarios presented in the assessment at this 
stage are only considered plausible and not definitive; this is a very important distinction.  
Moreover, the use of the types of ancillary data as presented within this highly structured 
assessment were similar to those used as the basis for the original listing of white sharks. 
Consequently if these types of data are not appropriate to examine for trends from which 
conclusions can be drawn on population status then this suggests the original listing of the white 
shark was possibly not appropriate.  
 
Finally, the DoF study is being completed to assist in the development of public safety policy for 
which “…the appropriate focus for applying the precautionary approach has been towards human 
safety such that if there are potential threats to human safety, the lack of full scientific certainty 
should not be used to postpone measures to prevent further harm”. 
 
Thus, while uncertainty is recognised this should not automatically preclude the use of these data 
where it is consistent with a particular scenario.   
 
“Consequently, in terms of the assessment of the potential risks to human safety, this series of 
analyses provides sufficient evidence to conclude that it is at least plausible that there may have 
been some (albeit small) increase in white shark numbers since their protection.  It is important to 
reflect that the inverse of this situation (similar types of evidence, mostly from eastern Australia, 
which were indicative of population declines) was used in the 1990s as the basis to list this species 
as vulnerable (EA, 2002).” 
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The proponent clearly identifies that Appendix 9 is a 'Working draft'. However, the findings 
in Appendix 9 form a substantial input to the proponent's overall risk assessment and 
guides their conclusions. Appendix 9 contains examples of selective use of information and 
cites non-peer-reviewed Departmental reports that would fail the test of good science and 
scientific reporting. It would thus be prudent for the Department to engage one or more 
independent reviews of this document before it is finalized and adjust the overall risk 
assessment accordingly. 
 
DPC Response 
The assertion that information has been used selectively is refuted, but it is accepted that, as is 
entirely appropriate in a risk assessment context, non-peer reviewed reports and unpublished data 
have been used. To not include all available information would have been highly inappropriate.  
 
Furthermore, given its draft status some of the analyses still need to be added or refined. 
 
As with all research reports, it is planned to have each of the reports peer reviewed prior to their 
finalisation and formal publication. Based on the comments in the peer review we will revise the 
text to more clearly outline the difference between plausible and definite estimates and how 
consistency with a scenario was determined and how uncertainty in the each line of evidence was 
accommodated. 
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ADDITIONAL INFORMATION ON THE RESPONSE TO SUBMISSIONS  

On 7 August 2014 the Office of the Environmental Protection Authority (OEPA) wrote to the 
Department of the Premier and Cabinet (DPC) with requests from both the OEPA and the 
Commonwealth Department of the Environment (DoE) for additional information to that provided in 
the responses to public submissions and the draft Management Plan. Responses from DPC are 
detailed below. 
 

OEPA comments on Response to Submissions  
 
1. The OEPA recommends that the proponent includes links and references to the 
Management Plan within the Response to Submissions document where relevant 
and appropriate. 
 
DPC Response 
References to the updated Operational Environmental Management Plan have been included in 
the response to submissions (pp 7-82 of this document) as required. 
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OEPA comments on the draft Management Plan 
 
1. The OEPA recommends that an overarching environmental objective of the 
Management Plan (rather than the Program) be developed and included in sections 
1.2 and 2. 
 
DPC Response 
Section 1.2 – Purpose of the Plan now reads as follows: 
 
The purpose of the Plan is to: 
(1) ensure drum lines are deployed through each MMA between 15 November and 30 April, 

commencing 15 November 2014 and ceasing 30 April 2017. 
(2) ensure the Program is implemented in a manner that minimises impacts on target sharks 

under three metres in total length and on non-target marine fauna; 
(3) ensure that mortality, including post release mortality, of all bycatch is minimised; and 
(4) set out the management measures, animal handling protocols, operational protocols, 

compliance, research and reporting requirements for the delivery of the Program.  
 
Section 2.2 and 2.3 of the Plan now read as follows: 
 
The aims of the Program are to: 
 
(1) offer an additional and complementary measure of shark hazard mitigation to those already 

implemented as part of the Government’s shark hazard mitigation strategy (see p-12 of the 
PER) at high use swimming beaches and surf breaks during peak summer periods of usage; 
and 

(2) minimise environmental impacts. 
 
The performance objectives of the Program are to: 
 
(1) provide the public with an additional measure of shark hazard mitigation through the 

deployment of drum lines at select high use swimming beaches and surf breaks in the 
metropolitan and south west regions during peak summer periods; 

(2) operate within acceptable catch levels for target species and within anticipated catch levels for 
non-target species; 

(3) monitor catch data to inform trigger points and implement appropriate contingency measures; 
(4) assess post release-survivorship of target species less than three metres total length; 
(5) collect catch, biological and operational data to allow for ongoing monitoring of the Program 

and annual and post-Program reviews;  
(6) use data collected from the Program to increase knowledge and understanding of marine 

systems, marine species biology and movement patterns and population levels; and 
(7) comply with condition X of Ministerial Statement No. XX/Condition X of EPBC Approval 

number X (to be updated pending approval). 
 
2. Monitoring of compliance with environmental conditions (should this proposal be 
approved) is a function of the Office of the Environmental Protection Authority 
(OEPA), as such all references to the EPA within sections 2.4 and 6 should be 
revised to OEPA and the Definitions updated accordingly. 
 
DPC Response 
The Plan has been updated as required. 
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3. It is recommended that the proponent consider adopting the use of a 
technology/system (e.g. smart buoys) which alerts the proponent, in real-time, to 
caught animals to reduce the risk of mortality. 
 
DPC Response 
The Program has been designed to provide an on water vessel and patrols of drum lines for up to 
twelve hours a day, seven days a week to address the need to increase the chance of post-release 
survival of bycatch. It should be noted that this level of surveillance and servicing is significantly 
greater than that offered in shark control programs in other jurisdictions. It is also noted that during 
the trial program only 11% of all animals were found dead on the line (20 of 180) with a further 
2.2% (4 of 180) considered to not be in a condition to survive. These figures suggest the high level 
of patrolling of the drum lines in the Western Australian Program has been effective in reducing at-
hook mortality. 
 
In noting the OEPA’s recommendation, DPC has initiated contact with the implementers of the 
“smart drum lines” being used in Reunion Island. DPC has requested preliminary information on 
the cost and effectiveness of the technology, what adaptations to our current rig configuration 
would be needed, what other technology would need to be purchased/provided to the contractor 
and the implementers’ thoughts on what additional benefits incorporating this technology into our 
configuration may provide. 
 
Incorporating smart drum line technology into the drum line configuration has been added to 
Section 4.3.1 (modifications to the drum line configuration) of the Plan. 
 
4. The OEPA recommends the proponent clarify the definition of acceptable catch 
levels for Tiger sharks, currently on average 300 per year, in section 4.4. 
 
DPC Response 
The acceptable catch level for tiger sharks has been changed to 900 over three years. 
 
Acceptable catch levels at section 4.5 of the Plan now state the following: 
 
Acceptable catch level for target species  
White  25 over three years 
Tiger  900 over three years 
Bull  10 over three years 
Anticipated catch levels for non-target species  
Dusky  <10 per year 
Grey nurse  None to only a few per year 
Shortfin mako  between five and 20 per year 
Other non-listed elasmobranchs between five and 20 per year, most likely 

to comprise of a number of species 
 
Catches of other listed elasmobranchs including whale sharks and manta rays, and other listed 
marine fauna including seals and sea lions, turtles, whales, dolphins and seabirds are expected to 
be close to zero. It should be noted that these are the anticipated catch levels, and do not 
represent allowable catch levels.  
 
 
5. The OEPA recommends the proponent clarify why the trigger level for tiger 
sharks is low (350) relative to the acceptable catch level (in the order of 900) in 
section 4.5. 
 
DPC Response 
The risk assessment was based on a worst case scenario of 100% mortality of all released tiger 
sharks, meaning that up to 300 tiger sharks per year, and 900 over the three years would not pose 
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an undue risk to the population. That is, for the program to have a potentially measureable but 
relatively small decrease in the total abundance of tiger sharks, 900 tiger sharks would have to be 
removed from the population over the three years of the Program. The acceptable catch level has 
therefore been set at 900 over three years.  
 
The trial program identified a release rate of approximately 60% for tiger sharks. While the 
acceptable catch level of 900 assumes 100% mortality, in reality it includes an unknown number of 
animals that will survival following release. A trigger point of 350 tiger sharks is a conservative 
point at which to review the potential impacts of the program. As discussed in the Plan, efforts will 
be made to assess the post-release survival of tiger sharks to better inform trigger points 
throughout the duration of the Program. 
 
6.  Should the proponent consider using post-release monitoring of sharks to 
determine whether trigger levels are reached then decisions and rules to determine 
survival, and reconciling this against sharks caught, would need to be included in 
the management plan i.e. how and when is a released shark no longer considered to 
be counted within the trigger level? 
 
DPC Response 
The issue of assessing post-release survival of sharks has been addressed in section 4.6.1 of the 
Plan. Section 4.6.1 contains the following information: 
 
Satellite tags will be used to give an indication of the post-release survival of individual sharks 
released as part of the Program.  
 
Satellite tags provide location data when the dorsal fin breaks the surface of the water.  
 
White sharks  
Where safe to do so, white sharks that are less than three metres total length and assessed as 
being in either condition (1) or condition (2) will be fitted with fin mounted satellite tags.  
 
Tiger sharks 
Where safe to do so, fin mounted satellite tags will be fitted to the first 20 tiger sharks that are 
captured in the metropolitan  MMA, are less than three metres total length, and assessed as being 
in either condition (1) or condition (2).  
 
Bull sharks 
Where safe to do so, fin mounted satellite tags will be fitted to all bull sharks that are less than 
three metres and assessed as being in either condition (1) or condition (2). 
 
For the purpose of determining cumulative mortality, sharks that are fitted with a satellite tag will 
initially be assumed to have not survived the catch and release process. If a signal is received at 
least one week following its release this will be considered as strong evidence for post release 
survival, at which time that tagged shark will be removed from the number of cumulative 
mortalities. This approach is considered to be fully conservative because it is possible that there 
will never be a detection from a shark that has survived as some tagged sharks that survive may 
not swim near the surface in a manner sufficient to permit transmission of a signal from the tag. In 
addition, fin mounted tags can be subject to bio-fouling and removal by other animals or activities.  
 
Due to the high cost and high risk of loss of individual satellite tags, and the level of animal 
handling involved in fitting the tags, an assessment will be made on the effectiveness of both the 
procedure and the devices following the deployment of the first 20 tags on tiger sharks (and in 
consideration of the number of satellite tags deployed on other target species by that time). Advice 
will be sought from DoF on the relative merit in proceeding with this type of tagging. The review will 
include assessment of whether sufficient tag data is received to generate an estimate of post 
release mortality. The OEPA and DoE will be advised of the outcomes of the advice and will be 
consulted on decisions to continue or otherwise the tagging efforts. 
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7. It is recommended that the proponent consider adopting best practice in animal 
handling protocols with reference to standards and existing protocols developed by 
others. 
 
DPC Response 
It should be noted that animal handling protocols, particularly in relation to shark control programs, 
are not readily available and do not appear to have been developed by other jurisdictions. 
Moreover, existing protocols relating to the targeting of sharks for tagging programs are not always 
consistent with the operational environment of a shark control program (e.g. size of vessel, ability 
to handle the animal over the side of the vessel, number of crew, method of animal capture etc.). 
The animal handling protocols at Section 5 of the Plan have been developed in reference to all 
available protocols including Bruce & Bradford (2013), DPaW (2014) and Øen & Knudsen (2007) 
and with significant contributions from experts at DoF. It is possible that shark control programs in 
other jurisdictions may use the animal handling protocols developed for this Program in developing 
their own protocols should they be required to do so. 
 
8. The proponent should consider providing clarity for contingency measures, and 
the rules about how they would be applied in section 4.6 Contingency Measures. In 
particular the scope and purpose of the review should be provided. 
 
DPC Response 
Contingency measures have been further clarified and detailed under Section 4.7 of the Plan. 
 
9. It is recommended that the proponent clarify whether tagging and data records 
will be undertaken for all animals caught. It is noted that sections 4.8.2 & 3 state that 
this would occur for all target and non-target species. 
 
DPC Response 
Section 6 of the Plan should now accurately reflect the actions to be completed for all target and 
non-target species. 
 
10. It is recommended that the proponent clarify whether record keeping procedures 
as outlined in section 4.10 would apply to animals caught in accordance with 
section 5 Responding to an identified shark threat or incident. It is noted that if an 
animal is caught procedures set out in 4.7 & 4.8 are to be followed. 
 
DPC Response 
Section 7 of the Plan now addresses the response to an identified shark threat or incident within an 
MMA. Section 7 states that, in responding to an identified shark threat or incident within an MMA 
the Operational Environmental Management Plan must be adhered to at all times, where 
practicable.  
 
In addition, the data table at Section 6.13 refers specifically to the data to be collected in response 
to a shark threat or incident. 
 
11. The proponent should consider including overarching objectives for the 
research to be undertaken (as part of this proposal) within section 7 Research. For 
example, the proponent may wish to consider an objective regarding investigating 
the post release survival for target sharks and non-target marine fauna. 
 
DPC Response 
Research objectives have been included at Section 9.1.1 of the Plan and provide the following 
information: 
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In addressing monitoring requirements and potential for research of the three year Program, and in 
addressing the requirements of the Commonwealth Recovery Plan for the White Shark the 
research objectives of the Program are to: 
 
(1) Contribute to the knowledge of the population structure and life history of sharks through the 

collection of tissue samples.  
(2) Contribute to the knowledge of shark distribution through catch rates and catch and effort data. 
(3) Contribute to the knowledge of shark movements using available satellite and acoustic tagging 

technologies. 
(4) Contribute to the knowledge of post-release survival of target sharks. 
 
12. It is recommended that the proponent provide further clarity around the scope, 
purpose and decision rules of the review proposed within section 8 Program Review 
and Monitoring. 
 
DPC Response 
The section on Program Review (now Section 11 of the Plan) has been updated to provide the 
following information: 
 
11.1 A within season review 
If enacted as a contingency measure (see Section 4.7), within two weeks of a trigger point being 
met, a review of the operational and management measures, analysis of catch data and research 
efforts for the species for which the trigger has been met is to be undertaken. The review will 
inform the ongoing effort of the Program to monitor and control the catch levels of the specific 
species to which the review relates. The report will be provided to the OEPA, DPaW and DoE 
within seven days of completion. 
 
11.2 Annual review and performance report 
To allow for a full consideration of the performance of the Program, an annual review will be 
conducted at the end of each season (e.g. post 30 April 2015, 2016 and 2017). The review will 
include information on catch data and catch data analyses, operational performance against the 
performance objectives and indicators, research collaborations, research activities and progress, 
and effectiveness of management measures. The review will summarise end of season catch 
positions against acceptable catch levels and trigger points, address any contingency measures 
which were taken and their effectiveness and make any recommendations for the following 
season. The report is to be finalised within two months of 30 April each year to allow for any 
changes or operational responses to be incorporated before the commencement of the next 
season. The annual review will be provided to the OEPA, DPaW and DoE by 30 June each year. 
 
11.3 Final evaluation report 
In addition to the annual review which will be conducted post 30 April 2017, a full evaluation of the 
Program following three consecutive years of operation will be conducted (e.g. post 30 April 2017). 
The final evaluation will provide an overall analysis of; catch data from the three years of operation; 
operational performance assessed against the performance objectives and indicators; 
effectiveness of management measures; contributions to research and significant findings or 
outcomes. The final evaluation report will also make recommendations for future shark hazard 
mitigation measures in consideration of all facets of the Government’s shark hazard mitigation 
strategy and suitable alternative and/or complementary technologies that may have become 
available. The report is to be finalised two months following the completion of the annual review 
and provided to the OEPA, DPaW and DoE by 31 August 2017. 
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13. Consideration should be given to revise the title from “Management Plan” to 
“Environmental Management Plan”. 
 
DPC Response 
The title of the document has been changed to Operational Environmental Management Plan to 
address the operational requirements and environmental considerations of the Program. 
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DoE comments on Response to Submissions 
 
1.1.1 - The proponent contends that the reason the Hawaiian program is not 
comparable is that it was ‘designed to provide a barrier effect at select areas as is 
the design of the Western Australian program’. Drum lines are not usually seen as a 
barrier (when described by other programs e.g. Qld) and the proposed program is 
not described in this way elsewhere (i.e. in the PER). 
 
DPC Response 
The drum line program is designed to capture large and potentially dangerous sharks that move 
into close proximity of high use beaches and surf break during peak periods of usage. A number of 
baited drum lines are deployed a few hundred metres apart in a line parallel with specific beaches 
and surf breaks. Although undoubtedly not a complete physical barrier, the baited drum lines act as 
a means of capturing large potentially dangerous sharks at approximately 1km offshore, that may 
be feeding, before they get to the people using the beaches and surf breaks. The experiences from 
Queensland, Recife and Kwazulu-Natal is that drum lines do catch large sharks in close proximity 
to beaches and surf breaks. It is conceded that efforts to capture sharks could be more effective if 
netting was also incorporated into the configuration, however this option was not considered by the 
Government due to the indiscriminate nature of nets to kill a broad range of marine fauna. 
 
1.1.5 – The response, which simply points out the similarities with other programs, 
does not address the question of how removing some individuals will prevent other 
members of a migratory species moving into the ‘protected areas’. 
 
DPC Response 
It is assumed here that the DoE in referring to ‘protected areas’ is referring to the MMAs, and not 
marine protected areas in general.  
 
The drum line program has never been described as a ‘catch all’ program, but as an additional 
measure of shark hazard mitigation, in addition to those measures already in place, at select 
beaches and surf breaks within two MMAs during periods of peak usage. 
 
The drum lines cannot prevent other members of a migratory species from entering either of the 
MMAs. Only exclusion devices such as swimming enclosures can prevent sharks from entering an 
area. In this respect, the Western Australian program is no different to the drum line programs 
being operated in Queensland and Kwazulu-Natal. The main difference is that the Western 
Australian program is only proposed to operate between 15 November and 30 April, not all year 
round, and only for a period of three years. The Western Australian program therefore avoids 
periods of greatest white shark presence along the south west and metropolitan coast lines as the 
sharks follow the whale migrations. The drum lines, set throughout the summer months, can only 
act to catch large potentially dangerous sharks if they swim within close to proximity to the selected 
swimming beaches and surf breaks.  
 
1.2.1 – The rationale for rejecting a catch-and-release approach (that sharks may 
come back to coastal areas) contradicts the information provided elsewhere (such 
as 1.1.1 and 1.1.5), which contend that the program is about protecting beaches and 
not targeting all sharks. 
 
DPC Response 
The Queensland and Kwazulu-Natal (KZN) programs operate at beaches throughout each 
jurisdiction and for 12 months of the year (with the exception of the ad-hoc removal of nets in the 
KZN program during the annual sardine run). Having year round mitigation measures off beaches 
provides a means to capture sharks should they be released and return inshore, whether it be in 
the same location or somewhere else along the coast. Queensland, despite having year round 
coverage and extensive drum lines and nets in place, have chosen not to release sharks >2m, on 
the grounds of public safety. The issue in Recife is considerably different to that of Western 
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Australia in that their area of concern for shark interactions is in the order of a 15-20km stretch of 
beach. The risk of releasing sharks is therefore minimised due to the significantly smaller areas in 
which they may interact with humans compared to the Western Australian coastline. Recife also 
banned surfing within the high risk area. The MMAs in which the drum lines are deployed in the 
Western Australian program represent <1% of the Western Australian coastline, and are deployed 
for less than six months each year, despite people participating in ocean activities all along the 
coastline and throughout the year. To release target sharks caught in the Western Australian 
Program would be contrary to the objectives of the Program to deliver an additional measure of 
shark hazard mitigation. Moreover, in recognising the potential for migratory behaviour of many 
sharks, for the Government to permit the release of sharks ≥3m total length, of the top three most 
dangerous species, and for those sharks to be responsible for subsequent bites or fatalities would 
be negligent and potentially liable. 
 
2.9.1 - The proponent’s response to the issue of overnight baiting of the lines 
indicates that baited lines provide protection to water users while they are baited. 
This is contrary to the more typically described mode of operation for drum lines (or 
nets)- that they improve safety by depleting/relocating local shark populations, and 
not by providing a physical barrier (i.e. information on the Kwazulu-Natal drum line 
program states that ‘…drum lines provide protection by fishing over the long term 
in the vicinity of each protected beach and so the effectiveness of the drum lines 
does not depend on the hooks having bait on the them at all times’). 
 
DPC Response 
The operations and effectiveness of the KZN program are not in dispute. However, it must be 
noted that the KZN program, and the Queensland program, have been operating for decades, and 
have therefore undoubtedly had some effect on the local shark populations over that time. 
Moreover, the KZN program does not have beaches that are protected solely by drum lines. Every 
beach with drum lines is also combined with at least one net. Therefore, if the drum lines are not 
baited, the nets are still in place to capture sharks. 
 
The Western Australian program by contrast has operated for 14 weeks over the summer of 
2013/14, not for decades, and therefore is considered to not have had any measureable impact on 
local shark populations. In addition, changes to management measures have seen commercial 
fishing pressures on shark stocks being reduced significantly over the last couple of decades in 
Western Australia (refer figure 22 of the PER). It is considered that having unbaited hooks in the 
water at the start of a shark control program in Western Australia would be completely ineffective. 
 
Despite the inherent risks, not baiting lines overnight is one of the contingency measures that has 
been included at Section 4.7 of the Plan should a trigger point be met. As per Section 4.7 of the 
Plan, this contingency measure will be implemented should a trigger point be met and the catch 
data suggest that >50% of the catch has been found dead on the first patrol of the day (i.e. 
believed to have perished overnight). Provision has been given to notifying the public that lines will 
not be baited overnight to allow early morning swimmers and water users to undertake their own 
risk assessments. 
 
1.2.2 – The proponent indicates that they are reviewing the enclosure trial from last 
season and may look to include additional enclosures in suitable areas. Can more 
detail be provided, and can any of these areas be identified now? Could this 
possibly reduce the area that drum lines are proposed to be deployed? 
 
DPC Response 
The Government commissioned an external review of the beach enclosure trial at Old 
Dunsborough and the report is currently being finalised. The Government has requested the review 
make recommendations for any potentially suitable low energy, high-use beaches for the 
deployment of further enclosures.  
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Recommendations flowing from the report will be used by Government to inform the development 
of future shark hazard mitigation strategies. It should be noted that beach enclosures only protect 
swimmers close to shore at low energy beaches therefore installation may not impact on the 
number of locations at which drum lines are deployed. 
 
2.9.1 – Given the questions around the proponent’s rational for overnight baiting 
(see above), further consideration should be given to leaving lines unbaited at night, 
to minimise the chances of captured animals being left on lines too long to survive. 
 
DPC Response 
Despite the inherent risks of not providing early morning water swimmers with the additional 
measure of protection should lines not be baited overnight, not baiting lines overnight is one of the 
contingency measures that has been included at Section 4.7 of the Plan should a trigger point be 
met. As per Section 4.7 of the Plan, this contingency measure will be implemented should a trigger 
point be met and the catch data suggest that >50% of the catch has been found dead on the first 
patrol of the day (i.e. believed to have perished overnight). Provision has been given to notifying 
the public that lines will not be baited overnight to allow early morning swimmers and water users 
to undertake their own risk assessments. 
 
2.9.1 – The proponent’s response to the issue of specifying an optimum and 
maximum period between inspecting the lines does not fully address the issue 
raised. They state that it would be impractical and unrealistic to impose a set 
schedule, but that is not what is being suggested. More consideration should be 
given to this issue. 
 
DPC Response 
Contractors will be required to operate between the hours of 0600 and 1800, seven days a week. It 
is noted that this level of patrol and servicing far exceeds that of any shark control program in any 
other jurisdiction and is a significant commitment and investment by the Government to attend to 
catch on the line and release bycatch as soon as possible. Contractors will be required to service 
the drum lines and re-bait all hooks on the first patrol of the day, and at the end of each day as a 
minimum, with regular servicing between these times. However, as noted in the original response, 
given the environment in which the contractors will be required to work, including data recording, 
potential activism interruptions and managing catch, a set ‘inspection schedule’ cannot be 
developed. The drum line monitoring and patrol schedule may be reviewed as part of an in-season 
contingency measure review following a trigger point being met.  
 
The OEPA has recommended consideration be given to the ‘smart drum line’ technology being 
used in Reunion Island (see #5 of the OEPA’s response to the management plan above). While 
the Government believes the requirement to patrol and service the drum lines between 0600 and 
1800 seven days a week represents a comprehensive monitoring and maintenance schedule, 
preliminary enquiries have been sent to the implementers and developers of the technology in 
Reunion Island. 
 
It is possible that the intent of the request for an ‘optimum and maximum’ period between 
inspecting the lines from DoE has been misunderstood. It is possibly still not clear, based on the 
DoE’s comments here, exactly what is being requested. DPC is happy to discuss this further with 
DoE where required. 
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2.9.2 – The proponent’s response indicates that there is no evidence to support the 
claim that large circle hooks are more injurious, but likewise provide no evidence of 
their own that they reduce bycatch. In another response (2.9.3) they discuss the 
possibility of trialling different hook sizes and shapes during the program, to 
provide such evidence, but this is not mentioned in response to 2.9.2. Details of this 
proposed trial should be provided. 
 
DPC Response 
The Government is confident that the large hooks used in the trial were effective at reducing 
bycatch, with the publication of catch data showing only eight non-shark species being captured 
and all being successfully released (seven rays and one north-west blowfish). The catch data also 
addresses claims that the program would interact with other non-shark species including dolphins, 
turtles, whales, seals and sea lions, as occurs in other shark control programs nationally and 
internationally. The smallest shark captured in the trial program was 1.53m. Compared to the catch 
data from shark control programs in other jurisdictions, the large hook size can be considered 
effective at reducing the capture of small sharks as well as non-shark bycatch (see p-59 of this 
document for example of shark bycatch in the Queensland program). 
 
Comments referring to a trial of smaller hook sizes were made in the context of suggestions by the 
peer reviewer commissioned by the OEPA that smaller hook sizes should be trialled. The 
comments were made to reiterate that, should smaller hooks be used bycatch would no doubt 
increase. The risk assessment upon which the PER was based assumed the use of the large 
approximate sized 25/0 circle design hook used in the trial program. To subsequently use smaller 
hooks would mean the acceptable catch levels and trigger points developed through the risk 
assessment process would be no longer applicable. As per Section 9.1.2 of the Plan, a gear 
selectivity trial may be undertaken, however hooks no smaller than an approximate 25/0 circle 
design will be used at all times. 
 
2.9.3 – The proponent’s response indicates that the predicted catch rates are the 
‘allowable’ catch rates but that these rates could increase with gear changes. If 
used as a mitigation measure, ‘allowable’ catch rates should not be variable, if they 
are based on protecting the relevant species. 
 
DPC Response 
As per response above, the reference to allowable catch rates increasing if different gear is used 
was made to highlight the fact that the risk assessment was undertaken on the basis of the use of 
the large hook. For this reason, the Government has committed to the use of the 25/0 circle design 
hook as a minimum and the allowable catch levels as defined still apply. 
 
2.9.4 – The contingency triggers presented need to be clarified (i.e. white sharks are 
20, which is presumably cumulative as 25 are expected to be caught over the three 
years, but tiger sharks are 350, which is presumably in a single season, as 300 are 
expected to be caught each year), and possibly annual and well as cumulative 
triggers included (i.e. X per year or Y overall). If they are to be used as a mitigation 
measure, further refinement of the contingency measures that will be implemented 
if these triggers are met is needed, as the measures currently proposed could allow 
catches to exceed acceptable levels. 
 
DPC Response 
The trigger points that have been established are cumulative figures over the three years of the 
program. As per Section 4.6 of the Plan “The following figures represent levels at which 
contingency measures will be required to be employed. The figures are cumulative totals over the 
three years of operations and relate to animals that are either destroyed or are considered to have 
died following release (i.e. not simply catch numbers).” 
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It is not considered necessary to have both annual and cumulative trigger points. Assuming some 
level of release of animals caught, the trigger points should not be reached in a single season. If 
they are, the trigger points have been set conservatively below the acceptable catch levels and 
therefore contingency measures can be implemented to address any issues in a timely manner. 
 
Please note the criteria for determining trigger points and contingency measures have been further 
refined in the latest version of the Plan (Sections 4.6.1 and 4.7). 
 
3.2.1 – The proponent mentions the possibility of placing drum lines closer inshore 
than 1km, as recommended by the South African experience. Are they proposing 
this as an option? What consideration has been given to this as a method for 
potentially reducing catch rates by more closely targeting the beaches to be 
protected and not capturing sharks swimming past offshore? 
 
DPC Response 
A supposition that moving drum lines closer inshore would minimise the potential capture of sharks 
does not appear to be based on any scientific data to support the theory. Based on the level of 
movement data available for sharks, it is unclear how it might be possible to know the directions or 
behaviours of sharks, as to whether they are swimming ‘past offshore’ in a parallel direction to 
beaches at 1km, or whether they are swimming perpendicular to beaches or in any other 
configurations.  
 
In developing and designing the program consideration was given to the 300-500m distance that 
drum lines are placed offshore in both Kwazulu-Natal and Queensland. The 1km distance used in 
the Program however coincides with the Surf Life Saving WA protocols and risk matrix for 
surveillance and beach closures. Variations in water depth in many places throughout the MMAs 
make placing drum lines any closer than 1km inshore impractical due to the shallow nature of the 
beaches, and presence of reef structures and special purpose zones (e.g. for surfing) closer 
inshore. Despite these considerations, as experienced during the trial program, the visible nature 
and public perception of the operations 1km offshore would most likely restrict any consideration to 
bring the drum lines any closer inshore. Therefore bringing drum lines closer inshore than 1km is 
not being proposed as an option at this stage. 
 
2.4.3 – The proponent outlines a number of measures to reduce bycatch, but the 
contingency measures to be put in place should catch levels exceed predicted 
levels are less detailed, and it is unclear how they will immediately reduce catch 
levels. More thought needs to be given to the contingency measures, particularly for 
threatened species. 
 
DPC Response 
Due to the already highly conservative design of the Program, the options for contingency 
measures are limited. Unlike other shark control programs, where increased monitoring of 
equipment, larger hooks, nets removed and replaced with drum lines, a larger size set for target 
species (e.g. >3m rather than >2m) and specific species detailed as target species, could be 
employed as contingency measures, the Western Australian program is already committed to 
these measures as part of the core design of the program. The contingency measures detailed at 
Section 4.7 of the Plan are measures to which the Government will commit without a significant 
reduction in the provision of the shark hazard mitigation measure (Performance Indicator 1). DPC 
is happy to consider other suggestions for contingency measures that will not impact on the 
provision of the mitigation measure. 
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2.1.1 – The response does not include consideration of Australia’s obligations 
under the various listings specifically, nor does it address the issue of the 
additional pressure it is placing on the species. It also addresses the measures 
required in the Recovery Plan very superficially, without fully explaining how the 
program will incorporate the actions under objective 4. These issues need to be 
fully addressed. 
 
DPC Response 
The Government, as stated, is aware of Australia’s obligations under the various international 
listings of the white shark, and is acting under the “extraordinary circumstances” clause to permit a 
shark control program to operate if warranted. It has been acknowledged by the Commonwealth 
Minister for Environment that public safety and economic considerations in the context of the 
occurrence of ten deaths in ten years, seven of which occurred in the last three and half years, are 
considered matters of national interest. 
 
The risk assessment undertaken as part of the PER addresses the additional pressure that may be 
put on the southwestern white shark population as a result of the shark control program. 
 
Section 10 of the Plan has been added and details measures being taken to address the actions 
under Objective 4 of the Commonwealth Recovery Plan for the White Shark. 
 
2.1.2 – The response to the comment that the PER did not consider movement 
patterns of white sharks didn’t address the issue – it merely states that they 
considered population as whole, not just locally. This doesn’t address the question 
of movement patterns. If movement patterns were not considered, they should state 
this. If they were, it would be useful to provide details of how they were considered. 
 
DPC Response 
It is recognised that white sharks can move considerable distances and that their numbers vary 
seasonally off the Western Australian coast. This seasonality was taken into consideration in the 
Program through the limitation of drum lines to be deployed only through the summer months, and 
not through winter months when white shark presence is known to be greater through the 
metropolitan and south west regions of Western Australia. The determination of predicted catches 
of white sharks in the drum line program also considered this seasonal variability. As indicated in 
the initial response, the risk assessment was examining the potential impact on the overall 
southwestern population of white sharks. Hence, in the context of examining the potential 
population-level impact, seasonal variability was considered as it played a part in determining 
predicted numbers, but actual movement patterns of white sharks were not specifically considered 
as reliable data is not yet available. 
 
2.1.5 – The proponent has indicated that their population estimate of 3400-5400 
individuals (including juveniles, immature and mature individuals) is not 
inconsistent with a population of 700 breeding individuals (as per other estimates). 
However, given the program is targeting sharks over three metres in length – in 
other words mature individuals – did the risk analysis consider the impact of 
reducing the breeding population, rather than just the population as a whole? It 
would be good to clarify these details of the analysis. 
 
DPC Response 
As per p-51 of this document, the risk assessment assumes a worst case scenario in terms of sex 
ratios of animals caught on the lines. The acceptable catch level of 25 white sharks over three 
years assumes a catch of 100% females, and of three metres or greater in total length. While the 
exact size at which female white sharks become sexually mature is unclear, they are thought to 
reach sexual maturity at approximately >430cm (Casey & Pratt 1985, Cliff et al. 1989, Bruce 1992, 
Francis 1996). It is therefore unlikely that a) every white shark caught in the drum line program is 
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female and b) that if every white shark caught in the drum line program is female, that they are all 
>430cm and therefore represent a breeding female. The risk in terms of a breeding population of 
700 females can therefore still be considered negligible. 
 
Sex and size/maturity factors can be assessed once a trigger point has been met as part of an in-
season review where appropriate. 
 
A number of these responses relate to issues that could be addressed in the 
management plan, as it is further refined. These include: 

• Establish clear and measurable objectives – the proponent’s response defends 
the inability to assess effectiveness of the trial program, but does not adequately 
respond to the need to ensure the three year program has clear and measurable 
objectives and performance measures. These need to be determined. 

• Catch levels and trigger points – comments as for 2.9.3 and 2.9.4 above. 

• Biological sampling – the proponent notes that further details on this will be 
developed. This will be necessary, particularly for listed species. 

• Avoid targeting tagged sharks – the proponent’s response provides further detail 
of the imminent threat response, but does not indicate whether or not they would 
try to avoid (where possible) capturing a tagged shark. 

• Avoid white shark aggregations – the response is generally good, but further 
consideration could be given to avoiding known biologically important areas as 
well. 

• Investigation of post-release survival – the proponent’s response indicates 
measures will be taken where possible, but lacks detail. This will need to be 
provided. 

 
DPC Response 
All of the above are covered in the latest version of the Plan. 
 
With regard to avoiding known biologically important areas, white shark aggregations in Western 
Australia are temporary and often transient, occurring at locations where prey is locally abundant 
or available, e.g. whale carcasses, fish schools, pinniped colonies etc. (although the latter has not 
been reliably observed in Western Australia). Other “biologically important areas” have not been 
identified for this species in Western Australia.  
 
Consideration is currently being given to updating the “Criteria for responding to an identified shark 
threat or incident” at Section 7 of the Plan to address circumstances such as whale carcasses and 
fish aggregations which may represent occasions where a response to deploy temporary drum 
lines is not enacted.  
 
Improve the accuracy of data collection from commercial fisheries – the 
proponent’s response outlines their work to construct a historical record but does 
not address the issue of improving data collection into the future. Further 
consideration needs to be given to this. 
 
DPC Response 
This is a common problem in all Australian fisheries and a straightforward and cost-effective 
solution to it has yet to be found (which is why it remains a specified action under the Recovery 
Plan for the White Shark). DoF facilitates the collection of protected species catch data in all 
Western Australian fisheries through mandatory reporting requirements, EPBC Act accreditation 
and consultation with industry members. However, a cost-effective solution to fishery-independent 
verification of protected species captures across all the relevant commercial fishing fleets has yet 
to be developed.  
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The Government would welcome advice from the Australian Government on any additional efforts 
to develop practical and cost effective measures to improve data collection from other Australian 
fisheries. 
 
Overall risk assessment – the proponent defends their population estimates, but 
does not provide the detail that would allow the peer reviewer to assess the 
methods used to derive them. The issue here is not so much the accuracy of the 
figures but how much confidence we can have in them. This requires detailed 
information on how the figures were derived. 
 
DPC Response 
In the Peer Review Close Out Report the peer reviewer acknowledges the uncertainty around the 
calculation of population estimates for white sharks. Although there is disagreement between DoF 
and the peer reviewer on the methodologies used in the population estimate, the models cover a 
range of population levels from low to high and establish that even at the lowest level the drum line 
program does not pose a risk to the southwestern white shark population. As noted by the peer 
reviewer in the close out report, continuing to look at existing data will not improve the advice and 
is of less importance than how to manage risk and impact going forward (to both the public and 
white shark population).  
 
The Government is confident that, in developing a Program to provide a measure of shark hazard 
mitigation to address public safety whilst minimising environmental impacts, it has found a good 
balance between managing the risks to the public and risks to shark populations and marine fauna 
more generally. 
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DoE comments on Management Plan 
 
The program aims need work – they are currently repetitive (i.e. both include 
‘provide an additional measure of mitigation’), and vague (i.e. what does ‘additional 
measure of shark hazard mitigation ‘ mean?). 
 
DPC Response 
The program aims at Section 2.2 of the Plan have been amended to remove repetition and clarify 
that ‘an additional measure of shark hazard mitigation’ means an additional measure of shark 
hazard mitigation to those already employed by the Western Australian Government as part of its 
overall shark hazard mitigation strategy, the details of which are included on p-12 of the PER.  
 
Refer to response to #1 of the OEPA’s comments on the Plan for details of the updated program 
aims. 
 
The performance objectives need work – some of them are immeasurable, and none 
of them relate to the first aim (providing shark hazard mitigation). 
 
DPC Response 
Refer to response to #1 of the OEPA’s comments on the Plan for details of the updated 
performance objectives. 

 
It is not clear if the performance indicators relate directly to each of the performance 
objectives. If so, many of them would not indicate whether or not that objective was 
being met. They should be revised in conjunction with the performance objectives. 
Consideration should also be given to including ‘trigger points’ in the performance 
indicators, to specify when action will need to be taken to ensure the programme 
meets its objectives (rather than just reporting its failure at the end of the 
programme, if things go wrong). 
 
DPC Response 
The performance indicators have been updated to more clearly address the need to assess the 
delivery of the additional measure of shark hazard mitigation and meet the environmental 
objectives of the Program. The performance indicators now state: 
 
Performance Indicator (1) 
Up to 30 static drum lines in each MMA deployed and serviced for no less than 90% of the required 
time each season (i.e. between 15 November and 30 April). 
  
Performance indicator (2) 
Acceptable catch levels for target species, and anticipated catch levels for non-target species:  
 
Acceptable catch level for target species  
White  25 over three years 
Tiger  900 over three years 
Bull  10 over three years 
Anticipated catch levels for non-target species  
Dusky  <10 per year 
Grey nurse  None to only a few per year 
Shortfin mako  between five and 20 per year 
Other non-listed elasmobranchs between five and 20 per year, most likely 

to comprise of a number of species 
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Performance indicator (3) 
 

Trigger Points  

Target species  
White 20 
Tiger 350 
Bull 10 
Listed elasmobranchs  
Dusky 30 
Grey nurse 5 
Shortfin mako 50 
Non-listed elasmobranchs  
Cumulative of species 50 
Other listed marine fauna  
Marine life including seals, sea lions, whale 
sharks, manta rays, dolphins, turtles and 
seabirds 

3  

 
Performance indicator (4)  
4.1  Satellite tags are to be fitted to all white sharks that are less than three metres total length 

and considered to be in a condition to survive being tagged and released. 
4.2  Satellite tags are to be fitted to the first 20 tiger sharks in the metropolitan region that are less 

than three metres total length and considered to be in a condition to survive being tagged 
and released. 

4.3  Satellite tags are to be fitted to all bull sharks that are less than three metres total length and 
considered to be in a condition to survive being tagged and released. 

 
Performance indicator (5) 
Tissue samples taken from all sharks and EPBC Act listed species. 
 
Performance indicator (6) 
6.1 Catch data provided weekly to DPC and then to DoF. 
6.2 Catch data provided to the OEPA and DoE within seven days of the end of each month of 

the Program following verification of data by DoF, including species identification. 
6.3 Notification of catch rates meeting trigger points and details of contingency actions to be 

taken provided to the OEPA and DoE within 24 hours of meeting trigger level. 
6.4 OEPA, DPaW and DoE to be notified of all white sharks captured as part of the Program 

within 24 hours of the capture. 
6.5 OEPA, DPaW and DoE to be notified of the capture of any marine mammal or marine turtle 

within 24 hours of the interaction. 
6.6 Reports on catch data, operational performance, effectiveness of management measures 

and recommendations for program changes provided to the OEPA, DPaW and DoE within 
two months of the close of each Program season (e.g. by 30 June each year). 

6.7 A final evaluation of the Program including; an analysis of catch data; operational 
performance; effectiveness of management measures, and contributions to research to be 
finalised two months following the completion of the annual review and provided to the 
OEPA, DPaW and DoE by 31 August 2017. 

 
 
Catch data, reports and notifications will also need to include DoE. 
 
DPC Response 
Performance indicators at Section 2.4 and Program Review detail at Section 11 have been 
updated to include DoE and DPaW where relevant. 
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Core research should include biological samples from all EPBC Act listed species, 
not just white sharks. 
 
DPC Response 
Core research details at Section 9.1.2 has been updated to include tissue samples to be collected 
for all EPBC Act listed species where practical. 
 
The management plan should also include details of how the proponent will 
undertake all of the actions under objective 4 of the white shark recovery plan. 
 
DPC Response 
Section 10 has been added to the Plan to provide detail on how the Government is addressing all 
of the actions under Objective 4 of the Commonwealth Recovery Plan for the White Shark. The 
detail is as follows: 
 

 
 
The section on program review and monitoring should include details of the 
performance reports to be provided to regulators, mechanisms for review if triggers 
are reached, including reporting and consultation requirements and processes for 
altering the management plan. 
 
DPC Response 
See point #12 of the OEPA’s comments on the Plan above. 
 
Animal handling protocols document needs to be completed and include handling 
protocols for non-shark species that may be inadvertently captured as well. 
 
DPC Response 
See point #7 of the OEPA’s comments on the Plan above. The animal handling protocols have 
been significantly developed in consultation with DoF. Advice received from DPaW in relation to 
animal handling protocols for non-shark/non-fish species is a preference for contact to be made 
with DPaW on a case-by-case basis to allow for direction to be given depending upon the animal 
and circumstances involved. These procedures have been included at Section 5 the Plan.  
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Peer review close out report 
 
DPC Response 
Comments within the peer review close out report have been noted and addressed either as part of 
the response to comments from the OEPA and/or DoE above, or as part of the Plan. 
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SUMMARY STATEMENT  

 
It is with a high degree of confidence that the Government considers the EPA objective for Marine 
Fauna to maintain the diversity, geographic distribution and viability of fauna at the species and 
population levels can be met.  
 
The Proposal involves a number of mitigative management measures designed to either avoid 
environmental impacts or where unavoidable, to minimise and/or rectify where appropriate. The 
measures that are proposed are: 
 
• the use of a large (no smaller than an approximate 25/0 circle) hook designed to limit the types 

and sizes of non-target species likely to be captured; 
• limited number of drum lines (a maximum of 72 drum lines to be deployed at any one time); 
• monitoring and maintenance of static drum lines to occur between 0600 and 1800 hours, seven 

days a week; 
• beaches selected in conjunction with aerial and land patrols, so that the contractor may be 

notified of any captures;  
• a limited area in which static drum lines are to be deployed (<0.1% of Western Australian waters 

and <1% of the Western Australian coastline); 
• a limited time in which static drum lines are to be deployed (5.5 months per year);  
• the removal of static drum lines between 1 May and 14 November each year to avoid annual 

whale migrations along the Western Australian coastline; 
• a preference for the use of shark as bait to reduce interactions with other marine species; 
• no deployment of nets or any net meshing system: 
• the low frequency and small number of temporary drum lines that may be deployed (a maximum 

of five per response) and the high level of monitoring that will occur if they are deployed;  
• defining only three target species, of 300cm TL or greater; 
• suitable distance of the hook below the sea surface to reduce interactions with seabirds; 
• acceptable catch levels for each of the target species and other potential bycatch species; 
• trigger points for each of the target species and other potential bycatch species and appropriate 

contingency measures should any of the trigger points be met; 
• maintenance of detailed records of all catches for weekly monitoring of catch data to identify 

trigger points; 
• catch data to be examined against acceptable levels to ensure that the risk levels have not 

materially altered; 
• provision of detailed records of all catches (including digital photographs) to relevant authorities 

for ongoing assessment and species identification purposes;  
• training in animal handling and best practice techniques to increase the chance of survival of 

non-target species and reduce unnecessary suffering to target species; 
• assessment throughout and following the end of the program by relevant technical experts from 

DoF and, where necessary, DPaW; 
• a requirement for observers to be aboard each vessel on the first day of deployment and on a 

defined number of trips thereafter; and 
• the restriction of the program to operate for only three years, after which a further review of the 

program will be undertaken. 
 
In addition to the broad range of management measures, a comprehensive risk assessment has 
been completed to determine acceptable catch levels and potential risks to target and non-target 
species under the three year Program. The risk assessment determined the Program would pose 
only negligible risks to the population status of white and bull sharks, non-target species and the 
broader ecosystem. The Western Australian tiger shark population was the only population for 
which the risk assessment identified a low level of risk. 
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Tiger sharks 
In considering the level of risk to the Western Australian tiger shark population, the lines of 
evidence are consistent with a negligible or, at most, a minor impact on the total stock level of tiger 
sharks across their distribution in Western Australia as a result of the Program. The lines of 
evidence include: 
• the location of the program being at the southern edge of the tiger sharks’ distribution in 

Western Australia, not in the area where the main distribution of this species is considered to be 
located; 

• the likely annual rate of captures (with the majority being released) being significantly less than 
was previously reported from longer term historical commercial fishing activities (up to 90 tonne 
per year); 

• the estimated levels of capture from the Program being similar to those estimated to now be 
captured by recreational fishers (mostly in the Gascoyne Bioregion and most of which are also 
released); 

• the anticipated level of capture of tiger sharks in Western Australia being similar to the average 
annual catch of tiger sharks that has been taken by the Queensland Shark Control Program for 
at least the last decade; 

• some evidence of local depletion of tiger sharks during the trial program in only the metropolitan 
region and not at Geographe Bay or the Capes; and 

• the relatively low levels of mortality of this species now being generated from commercial fishing 
in other areas of Western Australia. 

 
In considering the risk analysis for tiger sharks, a level of capture through the Program of 300 
animals per year (900 over three years) is possible to generate a minor consequence and 
represent a potentially measureable but relatively small decrease in the total abundance of tiger 
sharks. This level of decline would not, however, have a material effect on their longer term 
population dynamics and therefore have no effect on the effective viability and sustainability of the 
Western Australian population of tiger sharks. This represents a low risk to the Western Australian 
population of tiger sharks and is considered an acceptable level of risk with no specific 
management controls necessary. 
 

Removal of apex predators 
A major decline in all apex predators over a prolonged time period is required to generate 
significant impacts in ecosystem functioning. Removal of predators in this context occurs at the 
population level and not at the individual level. The suite of shark species in the West Coast 
Bioregion has not been subject to levels of overexploitation that have resulted in any recorded 
changes to the ecosystem functioning of the bioregion  or elsewhere.  
 
Extensive analyses and modelling of the State’s fisheries was undertaken for the period from 1976 
to 2005 to specifically examine the issue of trophic impacts (Hall and Wise 2011). This research 
included data from all fisheries in all Bioregions throughout the State, including shark fisheries. Hall 
and Wise (2011 p-2) concluded that “…there is no evidence from the commercial fishery data that, 
from 1976 to 2005, there has been any reduction in trophic level or mean maximum length that 
would be expected from fishing down the food web, and thus, it appears that, at this time, 
ecosystem services have not been affected by fishing or other factors”. These analyses included 
the catches of sharks (and other species) removed at the height of targeted fishing. 
 
The historical levels of shark catch by various commercial fisheries operating in the West Coast 
Bioregion was over 400 tonne per year to 2005. Since this time, the following fisheries 
management changes have significantly reduced the spatial extent and levels of shark fishing 
effort: 
 

• 36% reduction in the West Coast Bioregion; 
• more than 50% reduction in the South Coast Bioregion;  
• suspension of shark catches by the Northern Shark Fisheries since 2009; and 
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• commercial protection of all shark species and maximum commercial and recreational size 
limits for whaler sharks in South Coast and West Coast Bioregions. 

 
These management changes have resulted in the annual commercial catch of the suite of sharks 
in the West Coast Bioregion falling by more than half to less than 250 tonne in 2011-12. Any catch 
taken as part of the Program (estimated at approximately 45 tonne per year) is therefore more than 
offset by previous reductions in commercial and recreational fishing for sharks. 
 
It is therefore considered that the Program, and any removal of apex predators, represents a 
negligible risk to the functioning of the community structure of the marine ecosystems within the 
West Coast Bioregion. 
 

White sharks 
The risk assessment undertaken for the PER determined that catch levels of white sharks of close 
to 10 per year sustained for the three years of the Program would have a minor level of 
consequence on the total size, and therefore the population viability, sustainability and migratory 
patterns, of the southwestern Australian white shark population. 
 
The low expected level of annual catch of white sharks in the Western Australian Program is 
consistent with the low annual catches of white sharks that have been sustained for decades 
through the drum line and netting programs off Queensland and New South Wales. The expected 
level of annual catch in Western Australia is also substantially lower than the numbers that were 
estimated to have previously been caught each year as bycatch in commercial fishing operations in 
Western Australia, South Australia and Victoria. Prior to the major reductions in effort of the 
commercial fisheries that occurred in the mid-1990s (due to issues with targeted stocks) up to 260 
individuals per year were estimated to be captured across the Western Australia/Victorian region 
(DoF 2014).   
 
All available lines of evidence used in the recent population estimate undertaken by DoF strongly 
suggest that over the past decade the southwestern white shark population has remained either 
stable or been increasing (DoF 2014). No lines of evidence were consistent with the population 
decreasing during the most recent decade. The results of the analyses suggest that the most likely 
estimates of the size of the southwestern population is between 3,400–5,400 individuals (DoF 
2014).  
 
Blower et al. (2012) estimated the genetically effective (breeding) population size to be 
approximately 700 breeding individuals. This study however acknowledged wide confidence 
intervals around the estimate and noted the estimates as preliminary due to low numbers of 
genetic markers and samples. The use of mitochondrial DNA (mtDNA) for laboratory based 
population estimates has also been challenged as a means for determining population abundance 
(Bazin et al. 2006).  
 
Nevertheless, an estimate of 700 breeding individuals is not inconsistent with a total population 
size of 3,400 to 5,400 individuals (i.e. total includes juveniles, immature and mature adults). 
Breeding individuals of all species make up only a proportion of their total population size. Recent 
modelling outputs completed by DoF (Taylor et al. in prep) suggest roughly 15-30% of a total stock 
could be estimated to be of breeding size/age. Using the Blower et al. (2012) estimate of 700 
breeding individuals, this would generate a total stock in the order of 2,500-4,600 individuals for the 
southwestern population. This range is similar to that generated through the DoF weight of 
evidence approach (DoF 2014). Thus, noting the uncertainties for both approaches, the current 
white shark population estimates from both the modelling and the genetic analyses were not 
inconsistent.  
 
In considering the effect of commercial fisheries and bycatch on the southwestern Australian white 
shark population, the Joint Authority Southern Demersal Gillnet and Demersal Longline Managed 
Fishery has received approval under the EPBC Act for product export. The grant of the 
accreditation acknowledges that the fishery does not, or is not likely to, adversely affect the 
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survival or recovery of any listed threatened species or the conservation status of a listed migratory 
species, cetacean or listed marine species or a population of that species. It is however 
acknowledged that bycatch data from commercial fisheries is a problem in all Australian fisheries 
for which a straightforward and cost-effective solution has yet to be determined. The collection of 
protected species catch data in all Western Australian fisheries is facilitated through mandatory 
reporting requirements, EPBC Act accreditation and consultation with industry members. In 
acknowledging a need to refine the data on which the potential impacts of the three year drum line 
Program on the southwestern Australian white shark population can be assessed, the Government 
is giving consideration to methods to improve the level and accuracy of bycatch data received from 
commercial fisheries (Taylor et al. in prep). 
 
In considering the conservative design of the Program, the comprehensive Operational 
Environmental Management Plan and animal handling protocols that have been developed, the 
commitment to research as part of the Program, and an undertaking to investigate measures to 
better understand the bycatch of white sharks in commercial fisheries, the Government considers 
the EPA objective for Marine Fauna to maintain the diversity, geographic distribution and viability of 
fauna at the species and population levels can be met with a high degree of confidence.  
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