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A B S T R A C T   

The future of shark mitigation worldwide, not only depends on economic and environmental considerations but 
on community support and acceptance of mitigation approaches. Shark mitigation strategies and policy devel
opment based on publicly held values in combination with expert knowledge is more likely to be supported and 
accepted by the public and society in general. In 2015, the New South Wales (NSW) government implemented a 
five-year Shark Management Strategy (SMS) to trial new and emerging technologies following a cluster of shark 
bites in 2014 and 2015 (including fatalities); most notably on the NSW north coast. The strategy aimed to in
crease protection of beachgoers while minimising harm to sharks and other marine animals. This paper syn
thesises various SMS-related social research studies to generate knowledge and improve understanding of 
community attitudes, support and preferences for different shark mitigation approaches trialled in the SMS. Our 
findings show non-invasive mitigation approaches involving shark detection and tracking, and public notifica
tions were supported and preferred over invasive and/or lethal approaches such as nets. Drone surveillance was 
very highly supported (and preferred over helicopters) for being localised, having the capacity to be incorporated 
into beach safety operations, and with future potential for automation and the use of artificial intelligence to 
increase detection capability. Community education was seen as a fundamental component of shark mitigation to 
help people increase their ability to take personal responsibility for their own safety, improve public knowledge 
and understanding of sharks, and to mitigate fear; ultimately, to foster coexistence without jeopardising public 
safety.   

1. Introduction 

Although uncommon, the number of unprovoked shark bites has 
increased worldwide [7,40]; especially in Australia and the United 
States where incident rates have doubled in the last 20 years [41]. 
However, fatalities still represent a rare ocean hazard to beachgoers in 
comparison to other hazards such as drowning [57]. Nonetheless, the 
impacts of shark bites (especially fatalities) can be widespread and 
long-lasting; often intensified by prolonged media coverage over months 
or years. A shark bite is traumatic for the victims, first responders, 
witnesses, victims’ families, and the wider community [71]. This can 
catalyse the community to call on governments to take some form of 
action to mitigate shark bites and increase protection of beachgoers. 

Globally, lethal approaches such as mesh nets and conventional 
drumlines are common mitigation strategies applied to reduce the risk of 
shark-human interactions (e.g. Australia, South Africa, Hawaii) [16,76]. 
For example, in New South Wales (NSW), Australia, the Shark Meshing 
(Bather Protection) Program (SMP) has been operating in the metro
politan areas of Sydney since 1937, Newcastle and Wollongong since 
1947, and the Central Coast since 1987 [54]. However, nets have 
become increasingly controversial due to their impacts on both target 
and non-target marine animals, including threatened, endangered, and 
protected species [8,16,22]. Until the 1990 s, the public was largely 
unaware of those impacts due to limited reporting on the programme. 
Increased reporting [16,26,27,33,34] has led to a shift in community 
sentiment towards sharks, and the popularity of lethal mitigation 
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methods has declined [24,51,52,61]. Societal perceptions towards 
sharks have evolved over decades from one initially focused on pro
tecting humans from sharks, to greater acknowledgement of the critical 
role of sharks as apex predators in ocean ecosystems, and the need for 
their conservation [21,24,67]. Recent advancements in technology has 
seen the development of less invasive technologies, such as helicopter 
and drone aerial surveillance, and SMART drumlines (Shark Manage
ment Alert in Real-Time) (SD), designed to increase beachgoer protec
tion while minimising harm to sharks and other marine animals [5,28, 
56]. 

In October 2015, following a cluster of shark bites on the NSW far 
north coast in 2014/15, the NSW Government implemented the Shark 
Management Strategy (SMS), managed by NSW Department of Primary 
Industries (DPI). The scientifically driven strategy aimed to test and trial 
new and emerging mitigation technologies and learn more about target 
sharks; exploring how to increase protection of beachgoers while min
imising harm to sharks and other marine animals. The SMS specifically 
focused on mitigating shark bite from target sharks that are responsible 
for most serious bites and fatalities, i.e. White (Carcharodon carcharias), 
Bull (Carcharhinus leucas) and Tiger (Galeocerdo cuvier) sharks [40,75]. 
Technologies trialled in the SMS included SD, which involved a direct 
comparison between mesh nets in northern NSW and the Newcastle to 
Sydney region, aerial surveillance (using drones and helicopters), 
real-time alerts about the presence of tagged sharks using 
satellite-linked listening stations (VR4G), and education and shark 
awareness using the SharkSmart app (Table 1). Community education 
was an important element of the SMS to both raise awareness of the 
strategy and provide advice to beachgoers about risk factors to reduce 
the chance of a shark encounter. 

Community attitudes towards sharks and shark bite mitigation are 
complex and multifaceted, and influenced by a number of factors such as 
local context, density and demography of human population, social 
dynamics, lethal or non-lethal nature of management actions, as well as 
personal experiences and risk perceptions, characteristics of particular 
species such as the White Shark, and sensationalised media coverage of 
shark incidents [1,11,24,61,71,75]. Future shark bite mitigation in NSW 
(and worldwide) not only depends on the economic cost and capacity of 
technologies to detect or catch target sharks, but on community support 
and acceptance of them as mitigation tools. Local communities, and 
society in general, are more likely to accept and support shark mitiga
tion strategies and policy development based on publicly held values in 
combination with expert knowledge [2]. When authorities seek out the 
aspirations, concerns and values of communities, and incorporate these 
into decision-making processes, they are better able to understand the 
needs of communities [42]. Further, recognising conflicting interest 
groups with differing objectives allows a balanced perspective, and en
sures decisions are not reactive to one side of an argument [12]. The 
community has indicated they are not tolerant of ‘top-down’ decision 
making and knee-jerk reactions by authorities in response to shark bite 
incidents [12,23,63,64]. 

Social research was an important element of the SMS to assess and 
monitor community attitudes towards different shark mitigation tech
nologies trialled in the strategy. Engaging with communities and un
dertaking social research to gain knowledge about community attitudes, 
values and preferences facilitates improved outcomes for both author
ities and communities [42]. This includes greater levels of trust and 
satisfaction with authorities, improved decision-making incorporating 
community desires, and increased likelihood the community will accept 
and support recommendations relating to shark mitigation policy in 
NSW [4]. Initially, social research focused on the NSW north coast 
Ballina and Evans Head communities impacted by the cluster of in
teractions (Fig. 1). The need for social research was catalysed by com
munity conflict over the proposed trials of shark barriers and mesh nets 
on this coast in 2016. Nevertheless, the community was collectively 
supportive of trialling other mitigation technologies (with fewer impacts 
on non-target species) such as SD, helicopter and drone aerial 

Table 1 
Details of shark bite mitigation measures trialled in the NSW Shark Management 
Strategy (refer to the NSW SharkSmart website for more information about the 
trials and results https://www.sharksmart.nsw.gov.au/technology-trials-and- 
research). Note. Strategy approach subheadings were sourced from [66].  

Strategy 
approach 

Type of mitigation Brief description of trials/research 

In-water 
management 

Shark mesh nets  – Nets were trialled together with 
SMART drumlines on the NSW 
north coast and the Newcastle to 
Sydney region to test and 
compare the effectiveness of 
both methods at intercepting 
target sharks, while minimising 
harm to other animals.  

– Nets are currently used in the 
Shark Meshing (Bather 
Protection) Program (SMP) 
(since 1937), in which 51 
beaches are netted in 
metropolitan areas (Newcastle, 
Sydney, Wollongong) each year 
between September and April 
(austral spring/summer).  

– Nets are 150 m long and set 500 
m from shore.  

– Designed to intercept and 
remove target sharks at ocean 
beaches to reduce the chance of 
shark-human interactions.  

– Checked every three days and 
live animals are released; any 
target sharks are tagged before 
release. 

SMART drumlines (SD) 
(shark-management- 
alert-in-real time)  

– Trialled off numerous NSW 
ocean beaches to intercept target 
sharks (Whites, Bulls, Tigers).  

– Designed to have minimal 
impact on sharks and other 
marine animals.  

– Set in the morning (500 m 
offshore in 8–15 m of water) and 
retrieved every day; use a single 
hook baited with a fish (mullet).  

– When an animal is caught, it is 
tagged and released about 1 km 
offshore.  

– Effective fishing method for 
catching target sharks with 
minimal bycatch.  

– Preliminary data shows, after 
tagging and release, sharks tend 
to move further offshore  

Clever Buoy™  – Developed by Smart Marine 
Systems (formerly Shark 
Mitigation Systems) to use sonar 
technology and specialised video 
software to detect sharks and 
transmit critical information to 
beach authorities.  

– Tested in collaboration with the 
University of Technology Sydney 
and Shark Mitigation Systems to 
evaluate if it could detect White 
sharks and estimate their length. 
This also included testing the 
range at which sharks could be 
detected.  

– Trialled at Port Stephens in 
November 2016 for 13 days. The 
unit was installed around 800 m 
offshore, in about 9 m of water.  

– Found to be unsuitable in its 
current form – no community 
attitudes data was collected for 
this technology.  

Eco Shark Barrier 

(continued on next page) 
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surveillance, and listening stations. Based on the findings of these trials, 
these technologies were trialled at other locations along the NSW coast. 
This further established the need for rigorously collected qualitative and 
quantitative social research data to explore and quantify community 
attitudes, support, and preferences for shark mitigation approaches tri
alled in the SMS. Various social research projects were done; comprising 
of DPI-led research (including commissioned projects), DPI 
co-investigator collaborative research, and independent research funded 
though the SMS Annual Competitive Grants Program (Appendix A). 

Our aim was to review the new knowledge acquired during the SMS 
about community attitudes towards the different shark bite mitigation 
approaches tested and trialled in the SMS. Our primary objectives were 
to synthesise primary social research studies (qualitative and quantita
tive) conducted during the 5-year SMS and identify shark bite mitigation 
approaches supported and preferred by the community; and to provide a 
balanced community perspective to inform future shark policy and 
mitigation in NSW. The “community” population sampled in the studies 
comprised of NSW residents with a range of beach and ocean interests 
including recreational users, professional lifeguards, volunteer life
savers, conservationists, and local tourism and business operators. 

2. Methods 

A research synthesis was undertaken to combine the findings of 
multiple primary social research studies (published articles and grey 
literature) done during the 5-year SMS (2015–2020), to produce a 
summary of overall findings of community attitudes, support and pref
erences for different types of shark mitigation approaches trialled in the 
SMS. The main advantage of a research synthesis is that it helps to 

Table 1 (continued ) 

Strategy 
approach 

Type of mitigation Brief description of trials/research  

– NSW DPI aimed to trial two 
shark barriers in 2016 for three 
years to provide an enclosed 
shark-free area for Northern 
NSW beachgoers.  

– As the barriers could not be 
installed effectively and safely, 
both trials were discontinued. 

Technology and 
monitoring 

Shark listening stations 
(VR4G) (detection, 
tracking)  

– Satellite-linked receivers that 
detect the presence of tagged 
sharks within a 500 m radius of 
the device.  

– Real-time notifications of 
detections are relayed to the 
public and beach authorities via 
Twitter and the SharkSmart app.  

– Listening stations were trialled 
at 21 locations along the NSW 
coast. 

SharkSmart app 
(notifications, alerts) 

– The app receives real-time noti
fications of sharks detected by 
aerial surveillance and tagged 
sharks detected by listening sta
tions, and issues alerts to mobile 
devices installed with the app 
that can be used by the public 
and beach authorities.  

– Also provides useful tips on 
reducing the risk of shark-human 
interactions, as well as informa
tion about different shark 
species. 

Personal shark 
deterrents  

– Designed to reduce the chance of 
a shark interaction or bite to an 
individual; can be worn or 
attached to a board.  

– Different types of devices 
including electric, magnetic, 
chemical and visual; designed to 
deter sharks.  

– Independent research done by 
Flinders University, South 
Australia, (funded by SMS 
Annual Grants Program) tested 
the effectiveness of five 
commercially available devices 
developed for surfers in reducing 
the likelihood of an interaction 
with White Sharks [31]. 

Aerial 
surveillance 

Drone surveillance  – Drones were trialled in 
partnership with Surf Life Saving 
NSW to detect potentially 
dangerous sharks (any shark >2 
m in length), and determine if 
drones can become part of 
standard beach safety 
equipment.  

– Provide beach-based real-time 
aerial surveillance of coastal 
waters.  

– Trialled at numerous locations, 
with a minimum of two flights 
per day.  

– If a potentially dangerous shark 
is spotted within 100 m of water 
users, beach authorities will 
initiate beach evacuations.  

– The public is notified of 
potentially dangerous sharks via 
the SharkSmart app and Twitter. 

Helicopter surveillance  – Helicopter surveillance has been 
operating in NSW metropolitan 
coastal waters since 2009 as part 
of the Shark Meshing (Bather 
Protection) Program.  

Table 1 (continued ) 

Strategy 
approach 

Type of mitigation Brief description of trials/research  

– Since 2015, additional 
surveillance was trialled in six 
coastal regions during school 
holiday periods (austral spring/ 
summer), in which helicopters 
fly over beaches twice a day: 
northbound in the early morning 
and southbound around midday.  

– When a potentially dangerous 
shark is spotted close to water 
users, the helicopter reduces 
height to hover, activates a siren, 
and a loudspeaker is used to alert 
water users of the shark nearby.  

– Sightings of potentially 
dangerous sharks are reported in 
real-time to the public and beach 
authorities (who may initiate 
beach evacuations) by Twitter 
and the SharkSmart app. 

Education Community education  – Education is an important 
element of the SMS to improve 
the public’s awareness of sharks 
and how to minimise the chance 
of encountering sharks by 
avoiding risk factors.  

– The “Be SharkSmart” initiative 
provides tips to reduce the risk of 
shark-human interactions, pro
moting personal responsibility.  

– Education also aims to increase 
public awareness of the SMS and 
different mitigation measures 
trialled in the strategy, through 
community forums, meetings, 
drop-in stands, key events, 
school visits and social media 
posts.  
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overcome the challenge of ‘information overload’ by distiling relevant 
evidence about a particular topic into a summary that can be used by 
policy-makers and decision-makers [77]. A research synthesis is an 
important part of the knowledge translation process and increases the 
accessibility and understanding of scientific information for use in 
evidence-based decision-making [29,69], and provides vital knowledge 
that can improve understanding of complex social-ecological issues such 
as human-shark conflict [6]. It also highlights knowledge gaps for future 
research agendas. 

Only studies that specifically assessed community attitudes, support 
and/or preferences for shark mitigation approaches trialled in the SMS 
were selected for the synthesis. A total of nine studies were selected that 
comprised of DPI-led research (n = 5), DPI co-investigator in collabo
rative research (n = 2) and independent research funded by the SMS 
Annual Grants Program (n = 2) (Table 2). Individual social research 
studies varied in context, geographical coverage (in NSW), methodolo
gies and target/sampled populations. The nine studies used a range of 
participatory research methods (qualitative and quantitative) that 
engaged people with various beach and ocean interests in NSW who are 
potentially impacted by shark bite incidents, with respect to either the 
incident itself and/or the government response to the incident. This 
included the general public, beach and ocean recreationists, lifeguards 
and volunteer lifesavers, conservationists and environmentalists, and 
tourism and business operators (Table B; refer to Appendix A for more 
details about these studies). Study methodologies were considered 
appropriate and robust for both qualitative and quantitative research. 
The nine studies had human research ethics approval through various 
Human Research Ethics Committees, in accordance with the Australian 

National Statement on Ethical Conduct in Human Research (2007). 

3. Results 

3.1. Shark nets 

We assessed and monitored support for nets trialled in the SMS on 
the north coast using community surveys pre- and post-trials (2016, 
2017, & 2018; refer to Appendix A). In the 2016 pre-trial survey, local 
residents generally had positive attitudes towards the trial, especially 
local surfers. This was attributed to perceptions that the risk of shark- 
human interactions was being actively addressed, increased feelings of 
safety, and the perceived positive impact on tourism and the local 
economy [44]. Conversely, residents in other regions had more negative 
attitudes, because of concerns about bycatch and mortality of marine 
animals, beliefs that nets provide a false sense of security (since they are 
only a partial barrier) and do not minimise shark-human interactions, 
and the notion that people enter the ocean at their own risk [44]. 
However, north coast residents’ attitudes changed during the trials and 
by 2018 (post-second trial), residents had substantially more negative 
than positive attitudes about the effects of nets on themselves, family 
members and the wider community [44,46,61,66]. This was primarily 
driven by concerns about bycatch, which was apparent in focus group 
discussions on the north coast (see excerpt in Box 1 below). 

Negative attitudes to nets were also evident among the broader NSW 
community. A 2016 social media analysis found sentiment for nets was 
three times more negative and hostile than positive compared to other 
shark mitigation approaches; extreme levels of negativity related to the 

Fig. 1. Map showing locations of New South Wales north coast towns in relation to other major coastal cities: Newcastle, Sydney and Wollongong (i.e. metropolitan 
areas where the NSW Shark Meshing (Bather Protection) Program operates). 
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indiscriminate killing capacity of nets [63]. Negative attitudes also 
resonated in focus groups in which participants with different beach and 
ocean interests (including surfers, lifeguards, tourism business own
ers/operators, swimmers, conservationists, anglers) discussed SD in the 
context of other mitigation approaches trialled throughout NSW [65, 
66]. Lack of support for nets is primarily due to socially unacceptable 
levels of bycatch and mortality, ineffectiveness at catching target sharks, 
and for providing a false sense of security. Nets are generally viewed as a 
waste of resources; considered ‘old out-dated technology’ that should be 
consigned to the past and replaced with newer technologies. Indeed, 
some focus group participants were optimistic the government may 
eventually replace nets with new technologies trialled in the SMS; they 

did not see mesh nets as a viable option for the future [61,65,66]. 
Community survey findings (from 2017 to 2020) also demonstrated 

nets had the least level of support (9–41%) compared to other mitigation 
measures (31–96%) (Fig. 2). However, support was greater among 
Ballina and Evans Head residents (in 2017 and 2018; 32–41%) who were 
most impacted by shark bite in recent years, compared to residents in 
other areas (Fig. 2) [18,44,46,48]. Similarly, there was more support for 
nets by respondents in the 2020 SMS state-wide representative survey 
(37%) (Fig. 2), of which 25% indicated moderate or strong support for 
nets. This was despite being aware that nets are a partial barrier (i.e. 
150 m in length) and the poor efficacy of nets for catching target shark 
(including bycatch and mortality). Support for nets was greater among 

Table 2 
Summary table of Shark Management Strategy-related social research studies (n = 9) selected for the research synthesis.  

Research type Year Purpose of Research Methods Community/Stakeholder Type 

DPI-led 
research  

2016 
2017 
2018 

To monitor community attitudes before and after 
mesh net trials on the North Coast, to SMART 
drumlines and other types of mitigation 
approaches, and concern about the risk of harm 
from sharks 

Quantitative survey research 
comprising:   
• Random and representative 

telephone interviewing of 
North Coast residents 

• Opt-in self-administered on
line questionnaire for the 
broader community to 
complete 

General public including a range of beach and ocean 
users (e.g. surfers, swimmers, walkers, anglers, 
kayakers, divers, etc.)  

2018 To understand community attitudes towards the 
use of drone surveillance to increase protection of 
beachgoers 

Quantitative survey research:   
• Intercept survey of 

beachgoers 

Range of beach and ocean users (i.e. surfers, 
swimmers, walkers, kayakers, etc.)  

2020 To quantify community support and preferences 
(state-wide) for shark mitigation measures 
trialled in the SMS 

Quantitative research 
comprising:  
• State-wide representative 

online survey of NSW general 
public 

• Opt-in self-administered on
line survey 

Range of beach and ocean users (i.e. surfers, 
swimmers, spear fishers, anglers, walkers, 
conservationists, tourism and business operators) 

DPI co-investigator in 
collaborative researcha  

2018 To explore community perceptions and attitudes 
towards SMART drumlines in the context of other 
types of shark mitigation measures (post SMART 
drumline trials) 

Qualitative research 
comprising:  
• Focus group discussions at 

locations where SMART 
drumlines were trialled 

Included people with a range of beach and ocean 
interests (i.e. swimmers, surfers, anglers, kayakers, 
tourism and business operators, conservationists, 
lifesavers)  

2019 To explore community perceptions and attitudes 
towards SMART drumlines (post SMART 
drumline trials 

Qualitative research 
comprising:  
• Focus group discussions at 

locations where SMART 
drumlines were trialled 

Included people with a range of beach and ocean 
interests (i.e. swimmers, surfers, anglers, kayakers, 
tourism and business operators, conservationists, 
lifesavers) 

Independent research 
(funded by Shark 
Management Strategy 
Annual Grants Program)  

2017 To assess attitudes towards sharks and types of 
shark mitigation (lethal and non-lethal) 

Qualitative research 
comprising:  
• A social media sentiment 

analysis  
• Focus groups discussions 

and/or personal interviews 

Focus group/interview participants included people 
with a range of beach and ocean interests including 
surfers, anglers, lifesavers, swimmers, divers, 
tourism and business operators, conservationists, 
etc.  

2020 To identify variables that influence tolerance of 
shark-human interactions and attitudes to the 
acceptability of different approaches to 
management 

Qualitative and quantitative 
methods:   
• Social media sentiment 

analysis  
• Focus group discussions  
• Experimental survey to 

measure attitudes 

Focus group participants and survey respondents 
included a range of people with beach and ocean 
interests (i.e. anglers, lifesavers, surfers, swimmers, 
kayakers, swimmers, divers, spear fishers, tourism 
and business operators, etc.)  

a DPI (NSW Department of Primary Industries); CSU (Charles Sturt University); IWLS (Institute for Water and Society, CSU) 

Box 1 
Excerpt from Ballina focus group discussion: 

“We’ve now had 90 innocent marine creatures die in our net trial over the last four months, with the last report that just came out yesterday. When you 
tally them all up, that’s a lot of animals that are all, most species that are protected under the EPBC Act. There’s sea turtles, dolphins, all of these creatures 
that have nothing to do with sharks. Well, they do, because they live in the same environment, but these creatures are swimming into the nets and dying, 
and the target species are not being caught. They’ve only had six target species over four months. So it’s just not working, it’s a failure.” 

Source: Simmons et al. [63] (p. 40)  

C.L. Martin et al.                                                                                                                                                                                                                               



Marine Policy 141 (2022) 105079

6

older people, males, and residents with young children, and those who 
viewed sharks as a medium or high threat and/or were very or extremely 
concerned about encountering sharks [18,48]. 

Nevertheless, while there is some support for the use of nets, they 
were the least preferred mitigation approach in the SMS state-wide 
community survey (Table 3). This trend was also evident across re
gions and by respondents who undertook different water activities (i.e. 
surfing/body boarding, body surfing, nearshore and ocean swimming, 
diving/snorkelling, boat-based activities, recreational spearfishing, and 
other board-based water activities) [18,48,64]. Survey respondents who 
selected nets as their most preferred option, believed that nets were an 
effective historically-proven mitigation approach that increased their 
‘feelings of safety’. In particular, nets are believed to be beneficial for 

local tourism and economies [18,48,66] (Box 2). 

3.2. SMART drumlines (SD) 

Qualitative and quantitative social research findings revealed atti
tudes towards SD varied. A valued feature of SD was that sharks could be 
tagged prior to release, contributing to research to improve knowledge 
of shark movement and behaviour, and aid the effectiveness of shark 
listening stations (VR4Gs). They were particularly valued on the NSW 
north coast as they are more effective than nets at catching and 
removing target sharks close to beaches, which equates to reducing the 
chance of an interaction, with minimal bycatch and mortality. It was 
also perceived that sharks caught, tagged, and relocated on SD, were 
deterred from returning to the area [63,65]. Negative attitudes to SD 
were mainly driven by concerns that baited hooks may attract sharks 
and some people were reluctant to swim or surf in the water near SD. 
While SD were generally considered a better option than nets for min
imising harm to sharks and other species, they were largely perceived as 
an ineffective mitigation tool since sharks are released and can return 
[61,65]. Other than the NSW north coast, most NSW regions did not feel 
there was a need for shark mitigation using SD as sharks were not 
perceived to be issue. Especially on the NSW south coast, where there 
were concerns about the welfare of sharks during the tagging/relocation 
process, and where SD trials were perceived to heighten anxiety about 
sharks in the community and among visitors/tourists [61,65]. 

While support for SD was generally greater than for nets, support for 
SD was less than for other non-invasive/non-lethal mitigation ap
proaches (Fig. 2). However, support varied across regions, with the NSW 
north coast community more supportive of SD. Overall, SD were ranked 

0
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20
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60
70
80
90

100
Shark nets

SMART drumlines

Helicopter surveillance

Drone surveillance

Listening sta ons -
VR4Gs (detec on &

no fica ons)

Community educa

2017 Ballina/Evans Head - representa ve phone survey (n=602)
2017 Ballina/Evans Head - opt-in online survey (n=621)
2017 Other regions/areas - opt-in online survey (n=848)
2018 Ballina/Evans Head - representa ve phone survey (n=612)
2018 Ballina/Evans Head - opt-in online survey (n=1001)
2018 Other regions/areas - opt-in oline survey (n=1497)
2020 NSW/ACT opt-in online survey (n=2473)
2020 NSW/ACT representa ve online survey (n=1501)

Fig. 2. Respondents’ levels of support (%) in online and telephone community surveys (2017–2020) for different shark bite mitigation approaches trialled in the 
NSW Shark Management Strategy (refer to Appendix A for further details). 

Table 3 
Table of ranked preferred shark bite mitigation approaches trialled in the NSW 
Shark Management Strategy to increase protection of beachgoers at patrolled 
ocean beaches in NSW (Note: data obtained from 2020 DPI Shark Management 
Strategy state-wide community survey [18,48].  

Mitigation measures State-wide representative 
online survey (n = 1501) 

Opt-in online survey 
(n = 2473) 

Rank % Score Rank % Score 

Drone surveillance ❶  57 ❷  64 
Helicopter surveillance ❷  45 ④  41 
Listening stations (VR4Gs) ❸  43 ❸  54 
SMART drumlines ④  41 ⑤  34 
Community education ⑤  40 ❶  66 
Personal deterrents ⑥  28 ⑥  19 
Shark nets ⑦  13 ⑦  5  
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fourth or fifth (out of seven) as a preferred mitigation measure (Table 3), 
but ranking position varied across regions. SMART drumlines were in 
the top three preferred mitigation measures for seven of 12 regions, 
inferring this mitigation measure was more highly valued in certain 
locations. Reasons for respondents selecting SD as a preferred mitigation 
measure were primarily due to functional benefits, such as the accurate 
targeted removal of sharks close to beaches. Overall, SD were seen as a 
better alternative to nets [18,48,62,63,65,66] (Box 3). 

3.3. Aerial surveillance (drones and helicopters) 

Aerial surveillance using helicopters has been operating in NSW 
metropolitan coastal waters since 2009, as part of the SMP. During 
2015–2019, helicopter shark surveillance was trialled in six coastal re
gions during school holidays. Drones for aerial surveillance were trialled 
in partnership with Surf Life Saving NSW (SLS) to assess their technical 
capabilities for shark spotting. Automatic real-time alerts of sharks 
detected by aerial surveillance are communicated to the public via the 
SharkSmart app and Twitter account. Social research findings showed 
unanimous support for aerial shark surveillance as a mitigation measure 
due to the non-invasive nature of the technology; considered a better 
alternative to nets [18,48]. However, it was recognised its effectiveness 
was reliant on good weather and clear water conditions. Community 
surveys showed strong support for both helicopter and drone surveil
lance trialled in the SMS (73–91% and 82–96% respectively) (Fig. 2). In 
particular, respondents in the 2020 state-wide representative and 
interstate-visitor survey were very supportive of both drone surveillance 
(90–96%) and helicopter surveillance (89–91%) (Fig. 2). There were no 
significant drivers of support for drone surveillance. However, support 
for helicopter surveillance was significantly stronger among males, 
those aged ≥ 65 years, those slightly to moderately concerned about 
encountering sharks, and those who perceived sharks to be a medium to 
high threat [18,48]. Despite strong support for both aerial surveillance 
methods, drone surveillance was ranked as the most preferred mitiga
tion measure by respondents in the SMS state-wide representative sur
vey, and in the top two preferred measures by respondents in the opt-in 
survey (Table 3) [18,48,64]. This trend was also evident across regions 
and respondents who engaged in key water activities (i.e. surfing/body 
boarding, ocean and nearshore swimming, and diving/snorkelling). For 
instance, drone surveillance was ranked above helicopter surveillance, 
either as the most preferred, or second most preferred mitigation 

measure for 10 out of 12 regions [18,48]. 
Whilst there was general support for helicopter surveillance to sur

vey long tracks of coastline including remote beaches, and to alert water 
users to sharks (especially surfers) and herd sharks away, it was often 
dismissed as being too expensive compared to drones. Further, heli
copters were seen as being less effective than drones due to the limited 
time spent over a beach, resulting in limited surveillance at any one 
location. Also, they were considered by some to contribute to local air 
and noise pollution [61,65,66]. Drone surveillance was preferred over 
helicopters as they are localised, less audibly intrusive, more 
cost-effective, and environmentally friendly, with increased flying fre
quency and the capacity to be incorporated into beach safety operations 
at patrolled beaches [45,61,65,66]. Additionally, beachgoers on the 
north coast stated they would feel safer from sharks with drone sur
veillance rather than helicopter surveillance (38% versus 9%); espe
cially swimmers (19% versus 3%) and surfers (12% versus 3%) [45]. 
Drones are perceived to be the future for detecting sharks and other 
beach hazards due to advances in sensory technology and artificial in
telligence likely resulting in autonomous flight [66]. There were some 
concerns relating to the potential for human error, or the malfunction of 
drones, causing injury to beachgoers, and concerns about privacy and 
the potential for misuse by drone operators [45] (Box 4). 

3.4. Listening stations (detection and notifications including the 
SharkSmart app and Twitter account) 

Community surveys (2017–2020) showed consistent levels of sup
port (82–89%) for listening stations (Fig. 2). In the 2020 community 
survey, the combination of listening stations and SharkSmart app and 
Twitter account was ranked as the third most preferred shark mitigation 
measure trialled in the SMS (Table 3). Regionally, they were ranked in 
the top three preferred measures for six out of 12 regions, and in fourth 
position for five out of 12 regions. Similarly, they were ranked in the top 
three preferred mitigation measures by respondents who undertook key 
water activities, including surfing/body boarding, swimming (ocean 
and nearshore), and diving/snorkelling [18,48]. Listening stations were 
valued by the community for functional benefits such as the capacity to 
accurately detect, track, and monitor tagged sharks, cost effectiveness, 
the provision of real-time alerts, minimising harm to sharks, and 
improving knowledge about sharks [18,48,66]. However, their effec
tiveness as a shark mitigation tool was criticised due to the limited 

Box 2 
Examples of reasons stated by survey respondents for selecting nets as their most preferred option:. 

“Fear destroys enjoyment of the water, and netting of some beaches only would be a tourism draw to those beaches.” 

“It’s a proven method for preventing shark attacks on beaches. Has worked on Sydney beaches for close to 100 years to great effect. I am not sure other 
methods are able to meet this success rate.” 

“We have had nets for as long as I can remember. They have kept me safe so far.” 

Source: NSW Department of Primary Industries [48]  

Box 3 
Examples of reasons stated by survey respondents for selecting SMART drumlines as their most preferred option:. 

“Because the drumlines actively target sharks near beaches frequently used by humans, and discourage them from returning to the drumline area - also by 
tagging them there is more information available for subsequent tracking.” 

“Effective for removal of threat posed by sharks and little impact on oceanic wildlife.” 

Source: NSW Department of Primary Industries [48]  
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number of listening stations along the coastline, small number of tagged 
sharks, reliance on a tagging programme, the impossibility of tagging all 
target sharks in the ocean, and the limited lifespan of tag batteries 
preventing long-term monitoring/tracking of tagged sharks [66]. 

Support for listening stations and the SharkSmart app largely 
depended on the role of the user. Those with a responsibility for public 
safety, such as lifeguards, SLS NSW volunteers and water-based tourism 
operators, favoured the technologies for instant real-time notifications 
that aid in managing the safety of beachgoers or clients [65]. However, 
attitudes towards the SharkSmart app were mixed. Some people felt the 
app was good for issuing alerts that help people take responsibility for 
their own safety in deciding when and where to enter the water. 
Conversely, others criticised the app for multiple alerts that were 
perceived to heighten fear in the community and among visitors/tourists 
[65]. In particular, surfers felt the technologies were of no use to them in 
the water, and it was suggested listening stations be fitted with light
s/sound to alert nearby water users when a shark is detected [65]. Many 
said they had abandoned the app due to over-frequent alerts that 
continually reminded them of the risk of sharks, when previously they 
had not been concerned. Indeed, some surfers said alerts had changed 
their behaviour and stopped them from entering the water to surf, or 
they had decided to surf elsewhere. There was also concern that the 
alerts did not specify the tag number of the detected shark, meaning the 
app user was unable to determine if it was one shark staying in the vi
cinity of the listening station, or multiple sharks swimming straight past. 
Nonetheless, there was consensus that the technologies had a role to 
play in managing the safety of beachgoers and helping people take 
personal responsibility for their safety [66] (Box 5). 

3.5. Personal shark deterrents 

Personal shark deterrents are devices designed to reduce the chance 
of a shark interaction or bite to an individual. There are different types of 
devices (electric, magnetic, chemical, and visual) designed to deter 

sharks. Whilst community survey results indicated relatively strong 
support for the use of personal deterrents to mitigate the risk of shark 
bite (67–80%) (Fig. 2) [18,48], they were ranked below all other types 
of mitigation; except for nets (Table 3). This trend was also apparent 
across regions and key water activities. Reasons for people selecting 
personal deterrents as a preferred mitigation measure were largely 
driven by perceived safety benefits, and the desire to minimise harm to 
sharks and other animals. However, community opinions and attitudes 
to personal deterrents were divided. Many people were sceptical about 
the effectiveness of devices and not many people trusted them. Some 
believed that the ‘better devices’ were too expensive. Further, there was 
speculation they could provide a false sense of security causing water 
users to become more incautious by ignoring danger signs and making 
poor decisions. Also, it was suggested that electrical devices could 
potentially attract sharks, increasing the risk of harm to nearby surfers 
[66]. Further, there were some ethical concerns regarding the use of 
electrical devices to shock and repel sharks [66]. Despite uncertainties, 
lack of confidence and trust in the devices, there was general consensus 
that personal deterrents can help individuals take responsibility for their 
safety, especially surfers who are most at risk of shark bite [18,48,63, 
66]. There was strong support for further investment and research into 
the development of personal deterrents [63]. 

Despite relatively strong support for personal deterrents as a miti
gation measure, most survey respondents indicated they would probably 
not, or definitely not, consider purchasing a device for themselves and/ 
or family member(s) (40–51%); whilst around a third indicated they 
probably would/definitely would. The likelihood of purchasing a device 
appears to be driven by fear. Those who perceived sharks as a high 
threat and/or were very or extremely concerned about encountering 
sharks, as well as those who engaged in more riskier water activities (i.e. 
ocean swimming, diving/snorkelling, and surfing/bodyboarding), were 
more likely to consider purchasing a device. This infers personal de
terrents may help certain people feel safer or more confident in the 
water [18,48]. Nonetheless, there was relatively strong support for a 

Box 4 
Examples of reasons stated by survey respondents for selecting aerial surveillance (drones or helicopters) as their most preferred option:. 

DRONES 

“Given that each beach can run its own patrols, it allows for a better response time.” 

“Drone technology would be cheaper and use less energy than helicopter surveillance. It would also be more frequent and provide greater coverage.” 

“Because it does not cause death to animals, and can be done without putting anyone in danger and is less costly than a helicopter.” 

HELICOPTERS 

“A very effective method, I feel safe when the helicopter flies over, it has spotted so many sharks and potentially saved many lives.” 

“Because the helicopters can cover a lot of area and stay around a lot longer - giving real time warning of sharks and where they actually are.” 

“Doesn’t harm sharks. Alerts people to the shark’s presence and is effective in moving the shark away without harming it.” 

Source: NSW Department of Primary Industries [48]  

Box 5 
Examples of reasons stated by survey respondents for selecting listening stations/SharkSmart app as their most preferred option:. 

“Alerts people to tagged sharks, but does no harm to sharks or other animals.” 

“Good to track sharks and alert people and authorities when in the local area.” 

“Helps people make an informed decision about being in the water. Operates all year. Is passive without any impacts to sea life.” 

Source: NSW Department of Primary Industries [48]  

C.L. Martin et al.                                                                                                                                                                                                                               



Marine Policy 141 (2022) 105079

9

government rebate (64–77%) to help cover the costs of individuals 
purchasing a scientifically proven device; although some felt this would 
be a waste of public funds [48,66]. Again, support for a rebate was 
driven by fear, with those who perceived sharks to be a medium to high 
threat, and/or were very or extremely concerned about encountering 
sharks being more supportive of a rebate; although there was no real 
consensus on the ideal amount of a rebate [18,48] (Box 6). 

3.6. Community education 

There was consistent positive community attitudes and strong sup
port for education, which was considered important to promote 
behaviour to reduce the risk of encountering sharks, improve public 
knowledge about the important ecological role of sharks as apex pred
ators, combat negative media reporting about sharks, and to mitigate 
fear of sharks through delivery of factual/scientific information. Overall, 
community education was seen as a fundamental element of shark 
mitigation to encourage and enable people to take personal re
sponsibility for their safety [63,65,66]. Also, it was recognised that 
education needs to be targeted to specific beach/ocean user groups such 
as children, visitors and international tourists, inland and urban resi
dents [39,61]. 

Community survey findings demonstrated very strong support for 
education promoting personal responsibility (82–96%) (Fig. 2); how
ever, levels of support varied among respondents. Males, and those who 
perceived sharks to be a medium to high threat, were more likely to 
oppose education as a mitigation measure, or take a neutral stance. 
Conversely, females and those who perceived sharks to be a low threat, 
or were not at all concerned about sharks, were more supportive of 
community education [48]. Whilst community education was ranked as 
the most preferred mitigation approach by respondents in the 2020 SMS 
opt-in survey, it was ranked in fifth position overall as a preferred 
mitigation approach in the state-wide representative survey (Table 3). 
This was despite respondents indicating strong support for education as 
a mitigation approach (91%) [18,48]. Similar trends were evident across 
regions and for key water activities undertaken by respondents [18,48]. 
Reasons for selecting community education as the most preferred miti
gation approach were largely based on behavioural and attitudinal 
benefits that education can cultivate. Education was also highly fav
oured for being non-invasive, non-lethal, ethical and humane, and cost 
effective; and a good education strategy can have enduring broadscale 
effects [18,48]. These findings are consistent with a SMS-related study 
by Simmons et al. [64] that found very strong support for education, to 
both help people take responsibility for their own safety and raise 
awareness of the important ecological role of sharks, as well as research 
to improve knowledge of how to avoid risk of harm from sharks (Box 7). 

4. Discussion 

Assessments of the NSW community attitudes towards shark miti
gation approaches during the 5-year SMS have employed a range of 
methods and instruments, from focus groups to random telephone 

surveys. They all provide a consistent state-wide view that community 
preference is for non-invasive shark mitigation approaches involving 
detection, tracking, and notifications. Invasive and/or lethal ap
proaches, such as bather protection nets, were the least supported and 
preferred mitigation approach. Drone surveillance was very highly 
supported (and preferred over helicopters). Drone operations are beach- 
based, can be part of broader beach safety operations, and there is po
tential for automation with advancements in technology and artificial 
intelligence. SMART drumlines were preferred over nets for effective 
targeted capture and relocation of target sharks with minimal bycatch 
and mortality. They were also valued for tagging and research purposes. 
Alongside surveillance, community education was seen as a funda
mental component of shark mitigation to help people increase their 
ability to take personal responsibility for their own safety, improve 
public knowledge and understanding of sharks, and to mitigate fear; 
ultimately, to foster coexistence without jeopardising public safety. 

There was substantial opposition to shark nets, and only 9–37% of 
people in the opt-in and representative survey supported the use of nets 
for shark mitigation. Nets were supported by people who appear to be 
more tolerant of bycatch and mortality issues, or they have firmly held 
beliefs, even in the face of evidence that contradicts the belief [19,74]. 
Fear can bias processing of information in a way that justifies existing 
beliefs. Similar research by Gray and Gray [25] found beachgoers at two 
Sydney beaches (Bondi and Cronulla) were very supportive of nets for 
shark mitigation, despite little understanding of how nets work. Many 
people believe nets are effective at deterring sharks and reducing ‘at
tacks’ possibly because of the long-term use of nets (>80 years in the 
Sydney region [25]. This might also explain why older people tend to be 
more supportive of nets since they are more familiar with this method. 
Alternatively, it may say something about the trust those respondents 
had in successive governments, fear-driven media that was supportive of 
nets, and the historical messaging around shark nets, which focused on 
reduced fatalities over time and was silent on the numerous shark bites 
at meshed beaches [13]. 

It has been hypothesised that beach patrols, established around the 
same time as the SMP was introduced, may be responsible for reducing 
shark hazards; rather than nets of the SMP [22]. This is further sup
ported by the Shark Spotters Program in South Africa, a surveillance 
programme, which has contributed to reduced shark-human in
teractions [17]. Further, Gibbs et al. [22] and Dalton et al. [13] reported 
that there were 24 and 34 (respectively) unprovoked shark bites and one 
fatality at meshed beaches during the time the SMP has been operating 
(>80 years). This finding is consistent with perceptions that nets do not 
prevent shark bites; thus, nets are not guaranteed to prevent 
shark-human interactions [47]. Rapid medical response and advances in 
first aid and trauma treatment, may also help to explain reduced fatal
ities from shark bites [35,58]. 

Another key reason stated by those who preferred nets over other 
mitigation approaches was the perceived emotional benefits related to 
increased ‘feelings of safety’. In particular, tourism business owners/ 
operators believed nets helped visitors and tourists feel safer, which was 
seen as beneficial for local tourism and economies [18,48,66]. Many 

Box 6 
Examples of reasons stated by survey respondents for selecting personal shark deterrents as their most preferred option:. 

“It seems to me to be the best way to protect yourself from shark attack anywhere at any time.” 

“Many attacks are on surfers so they should increase their personal responsibility in the same way that people reduce driving risks with seatbelts and 
airbags. Humans do not have a monopoly on the ocean and need to respect the rights of sharks to exist.” 

“Take responsibility for you own actions. Personal deterrents can be used anywhere, not just a section of beaches near town. I already use one and I know 
it works. This technology will only get better.” 

Source: NSW Department of Primary Industries [48]  
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Australian and international visitors/tourists support the use of nets 
[25], and we infer that nets may indeed help promote a sense of safety 
(albeit a placebo effect). However, beachgoers do not necessarily select 
beaches based on the presence of shark mitigation measures [11]. 
Concern about encountering sharks was not a key factor for visitors 
deciding to engage in water activities at ocean beaches. For example, 
visitors to Ballina preferred easy access to patrolled beaches and the 
presence of beach amenities [15]. Furthermore, beachgoers in NSW 
expressed more concern about the risk of getting sunburn or stung by 
jellyfish than being ‘attacked’ by sharks [11]. Clearly, there are some 
divided opinions in the broader community about the use of nets. 
Therefore, more research is required to better understand the beliefs of 
those who support nets, community/visitor demand for nets at SMP 
beaches in NSW, and the social consequences of removing nets in favour 
of less-invasive community-preferred options. 

There was very strong support for the use of drone surveillance for 
shark mitigation, which aligns with findings of a similar study on 
beachgoer attitudes to drone shark surveillance [68]. Drones have 
substantial potential in effectively detecting and monitoring ocean 
wildlife, and their efficacy is demonstrated in various studies [9,30,32, 
53,59]. While drones can fly under most environmental conditions, poor 
water visibility limits aerial detection of marine wildlife; however, 
sharks spend a lot of time near the surface and can be detected by drones 
[5]. Drones are effective for localised detection and tracking of White 
Sharks along coastal beaches, where they are typically observed behind 
the surf break parallel to the shoreline [10]. Overall, drones are a useful, 
non-invasive mitigation tool for localised patrolling of beaches and surf 
zones, to increase protection of beachgoers (especially surfers) from 
potential encounters with sharks. However, surfers can have lower 
confidence in the efficacy of drones as a shark mitigation tool compared 
to other beach and ocean users [68]. 

There are some concerns about the use of drones at beaches, due to 
loss of privacy, the potential for operator misuse, and the malfunction of 
drones and/or operator error causing injury to beachgoers, which is 
consistent with findings of similar research on drone surveillance at 
beaches by Stokes et al. [68] and Shekari [60]. However, fully trained 
drone pilots and comprehensive operating protocols reduces this risk. 
Privacy concerns are legitimate and privately-operated drones have 
been misused [20]. This risk is reduced by drones being operated by 
trusted organisations such as Surf Life Saving associations. The public 
are more likely to accept the use of drone surveillance at beaches if there 
is public trust in the operational and ethical use of drones [43]. Drone 
shark surveillance trials in the SMS were done in partnership with Surf 
Lifesaving NSW (SLSNSW), a volunteer organisation that has a long 
association with public beach safety in Australia [70]. One of their 
subsidiaries, the Australian Lifeguard Service NSW (ALSNSW), also has 
decades of experience providing professional lifeguard services in 
Australia [3]. There are also independent professional lifeguards that 
are contracted by coastal local government authorities for beach safety 
during weekdays that cannot be covered by volunteers. Drone operators 
in the aforementioned organisations undergo professional training. 
Volunteer lifesavers and professional lifeguards are trusted and often 

part of the local community, and beach surveillance drones operated by 
SLSNSW, ALSNSW, and other beach safety authorities are likely to foster 
public trust in the ethical use of drones for beach safety purposes, 
including shark detection at NSW beaches. 

Community education is vital to help people make informed de
cisions about their safety by avoiding risk factors. Education can 
improve public knowledge and understanding of sharks that will help 
mitigate fear, promote coexistence, and support for shark conservation 
[50]. Community education can play a role in changing attitudes to
wards sharks, improving support for shark conservation, mitigating fear 
propagated by sensationalised media reporting, encouraging beach/o
cean users to accept the risk of ocean use and risk factors to avoid, to 
minimise risk of shark encounters [1,24,49–51]. To be effective, 
educational approaches should be tailored to specific beach and ocean 
users who have different values, beliefs, knowledge levels, interests, and 
relationships with the ocean [50]. 

Prior to developing education initiatives, a thorough analysis of each 
community is necessary to identify any social conflicts related to sharks 
(often referred to as human-wildlife conflict). Deep-rooted social con
flicts need to be analysed and addressed as they can threaten the iden
tity, wellbeing, and security of many in the community, which can 
impact on support for education initiatives and longevity of mitigation 
[14,37]. Before commencing any education strategies/campaigns using 
persuasive communication, it is vital that audience research be under
taken to determine how to tailor materials for the general public and 
specific beach/ocean user groups (e.g. surfers, swimmers, divers, spear 
fishers, etc). Otherwise, audiences may ignore the information [36], or 
react negatively and protest against Government strategies. This strat
egy includes researching emotions and beliefs of audiences since emo
tions influence beliefs. Many beliefs are not based on direct experiences 
or personal observations, and some beliefs are firmly held even in the 
face of weak evidence that contradicts the belief. A person with a fixed 
belief may accept information as credible that is otherwise doubtful to 
others [19,74]. It is crucial that audience-relevant messaging is devel
oped to foster attitude and behaviour change [38]. 

Care should be taken to ensure conservation-focused narratives do 
not disregard legitimate concerns held by people residing in areas of 
relatively higher rates of shark bite (e.g. NSW north coast), as this may 
create a disconnect between authorities and the public [72]. For 
instance, campaigns that devalue shark fears based on statistical rarity 
may be less effective on those who live in areas where shark bite is 
perceived to be more likely (based on past incidents). Separating the 
public into the “enlightened and unenlightened” can also lead to dis
connects between public response and scientific consensus, in which 
individuals further entrench themselves in their beliefs (as seen in the 
climate change debate) [72]. Thus, disconnects between authorities and 
the public may cause additional problems in implementing educational 
campaigns to improve public knowledge about sharks and support for 
their conservation [72]. 

When developing educational material to communicate advice about 
potential indicators of an increased likelihood of encountering sharks, it 
is crucial that information is perceived as credible [55]. Credibility 

Box 7 
Examples of reasons stated by survey respondents for selecting community education as most preferred option:. 

“A better understanding of shark behaviour and appreciation of their important role in the marine ecosystem (as well as the threatened status of many 
sharks) is very valuable in ensuring people understand how to minimise risk, at the same time as preventing sharks from being unnecessarily harmed.” 

“Because it educates both about safety and also opens the door to people to learn about sharks and care for the ocean.” 

“Community education programs have the potential to reach more people and make them aware of danger signs that indicate the presence of a shark. It is 
relatively low cost and potentially has the greatest impact on the broader community, not just regular beach goers.” 

Source: NSW Department of Primary Industries [48]  
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affects the way people process information and how they subsequently 
perceive risk [73], and how they respond to the information. For 
example, a recent study by McClean et al. [39] found beachgoers on the 
NSW north coast contested the Government’s advice “to avoid swim
ming and surfing at dawn or dusk”, because shark incidents (including 
fatalities) have occurred during the day. Other risk factors recom
mended by the Government to avoid, relating to environmental condi
tions (e.g. avoid swimming/surfing in murky water, in river/harbour 
mouths) were also questioned since shark-human incidents have 
occurred in clear water. For many, this undermined and continues to 
undermine the Government’s credibility in provision of information 
about risk factors to avoid; being generic rather than specific. Overall, 
Government advice about certain risk factors to avoid caused distrust in 
the community who preferred to rely on local knowledge and experience 
shared through local social networks [39]. 

5. Conclusions 

Our study brings together the findings of multiple SMS-related 
qualitative and quantitative social research to provide a knowledge 
synthesis to inform shark mitigation policy and mitigation strategies, not 
just for NSW, but nationally and globally. The synthesis makes a major 
contribution to our knowledge of complex social-ecological issues such 
as human-shark conflict. This evidence-based balanced perspective 
shows non-invasive mitigation approaches (especially drone surveil
lance) are preferred over more invasive and lethal approaches, such as 
shark nets. However, there is still some support for the use of shark nets, 
demonstrating divided opinions and/or understanding of shark mitiga
tion technology in the broader community. 

Further research is required to better understand the beliefs of those 
who support nets, community and visitor demand for nets at SMP bea
ches in NSW, and the social consequences of removing nets in favour of 
less-invasive community-preferred options. This research will assist in 
addressing potential social conflict and backlash from certain sectors of 
the community and media that may be strong supporters of nets. 
Broader stakeholder groups with roles in beach safety and risk man
agement should also be included in future research, such as local gov
ernment authorities that provide a range of beach services including 
paid lifeguards, signage and school education programmes. 

Education offers a power vehicle to improve public knowledge of 
sharks, shark conservation, and public attitudes towards sharks, and to 
promote personal responsibility and options for mitigating risk of shark- 
human interactions while minimising harm to the marine environment. 
Audience research is crucial to determine how to tailor education ap
proaches and materials for the general public and specific beach and 
ocean user groups. Following this audience research, applying a 
framework of planning, implementation and evaluation is essential to 
ensure the efficacy of educational programmes/campaigns. Scientific 
information provided must be seen as independent, robust, defendable, 
and credible. 

CRediT authorship contribution statement 

Carol Martin: Conceptualization, Project administration, Method
ology, Investigation, Formal analysis, Visualization, Writing – original 
draft. Belinda Curley: Conceptualization, Resources, Writing – review 
& editing. Kim Wolfenden: Conceptualization, Resources, Writing – 
review & editing. Marcel Green: Writing – review & editing. Natalie 
Moltschaniwskyj: Writing – review & editing. 

Acknowledgements 

The authors would like to thank NSW community members who 
kindly gave up their time to participate in various social research studies 
relating to the NSW Shark Management Strategy. Bernie Dominiak 
provided useful comments on an early version of this manuscript. 

Alexander Wray-Barnes provided the map for this publication. 

Declarations of interest 

None. 

Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.marpol.2022.105079. 

References 

[1] D. Acuña-Marrero, R. de la Cruz-Modino, A.N.H. Smith, P. Salinas-de-León, M.D. 
M. Pawley, M.J. Anderson, Understanding human attitudes towards sharks to 
promote sustainable coexistence, Mar. Policy 91 (2018) 122–128. 

[2] L.N. Alessa, A.A. Kliskey, G. Brown, Social-ecological hotspots mapping: a spatial 
approach for identifying coupled social-ecological space, Landsc. Urban Plan. 85 
(2008) 27–39. 

[3] Australian Lifeguard Service NSW, n.d. About. 〈https://beachsafe.org.au/about/〉. 
[4] M. Barnes, P. Schmitz, Community engagement matters (now more than ever). 

Stanford Social Innovation Review Spring 2016. 〈https://ssir.org/articles/entry/ 
community_engagement_matters_now_more_than_ever#〉. 

[5] P.A. Butcher, T.P. Piddocke, A.P. Colefax, B. Hoade, V.M. Peddemors, L. Borg, B. 
R. Cullis, Beach safety: can drones provide a platform for sighting sharks? Wildl. 
Res. 46 (2019) 701–712. 

[6] S.R. Carpenter, H.A. Mooney, J. Agard, D. Capistrano, R.S. DeFries, S. Díaz, 
A. Whyte, Science for managing ecosystem services: beyond the Millennium 
Ecosystem Assessment, PNAS 106 (2009) 1305–1312. 

[7] B. Chapman, D. McPhee, Global shark attack hotspots: identifying underlying 
factors behind increased unprovoked shark bite incidence, Ocean Coast. Manag. 
133 (2016) 72–84. 

[8] G. Cliff, S.F.J. Dudley, Reducing the environmental impact of shark-control 
programs: a case study from KwaZulu-Natal, South Africa, Mar. Freshw. Res. 62 
(2011) 700–709. 

[9] A.P. Colefax, P.A. Butcher, B.P. Kelaher, The potential for unmanned aerial 
vehicles (UAVs) to conduct marine fauna surveys in place of manned aircraft, ICES 
J. Mar. Sci. 75 (2018) 1–8. 

[10] A.P. Colefax, B.P. Kelaher, D.E. Pagendam, P.A. Butcher, Assessing White Shark 
(Carcharodon carcharias) behavior along coastal beaches for conservation-focused 
shark mitigation, Front. Mar. Sci. 7 (2020), 268. 

[11] R. Crossley, C.M. Collins, S.G. Sutton, C. Huveneers, Public perception and 
understanding of shark attack mitigaiton measures in Australia, Hum. Dimens. 
Wildl. 19 (2014) 154–165. 

[12] C. Cullen-Knox, M. Haward, J. Jabour, E. Ogier, S.R. Tracey, The social licence to 
operate and its role in marine governance: insights from Australia, Mar. Policy 79 
(2017) 70–77. 

[13] S. Dalton, C. Doak, V. Peddemors, Shark Meshing (Bather Protection) Program 
2019/20 Annual Performance Report, 2020. 〈https://www.sharksmart.nsw.gov. 
au/__data/assets/pdf_file/0009/1246275/smp-2019-2020-annual-performance- 
report.pdf〉. 

[14] A.J. Dickman, Complexities of conflict: the importance of considering social factors 
for effectively resolving human–wildlife conflict, Anim. Conserv. 13 (2010) 
458–466. 

[15] K. Dimmock, B. Weiler, K. Apps, J. Mackellar, Into the sea or staying on the shore: 
how do perceptions about sharks and safety drive tourists’ beach behaviour? 
(2019). 

[16] S.F.J. Dudley, A comparison of the shark control programs of New South Wales and 
Queensland (Australia) and KwaZulu-Natal (South Africa), Ocean Coast. Manag. 34 
(1997) 1–27. 

[17] T. Engelbrecht, A.A. Kock, M.J. O’Riain, Shark Spotters: successfully reducing 
spatial overlap between white sharks (Carcharodon carcharias) and recreational 
water users in False Bay, South Africa, PLoS One 12 (2017), e0185335. 

[18] E.Y. Sweeney, NSW Shark Management Strategy State-wide Representative Survey, 
Unpublished report to NSW Department of Primary Industries, Sydney, 2020. 

[19] N.H. Frijda, B. Mesquita, Beliefs through emotions, in: N.H. Frijda, S.R. Manstead, 
S. Bem (Eds.), Emotions and Beliefs: How Feelings Influence Thoughts, Cambridge 
University Press, New York, 2000, pp. 45–62. 

[20] K. Gair, Privacy concerns mount as drones take to the skies. Sydney Morning 
Herald (2015, 12 December 2015). 〈http://www.smh.com.au/digital-life/ 
consumer-security/privacy-concerns-mount-as-drones-take-to-the-skies-20151208- 
glijvk.html〉. 

[21] A.J. Gallagher, Coexisting with sharks: a response to Carter and Linnell, Trends 
Ecol. Evol. 31 (2016) 817–818. 

[22] L. Gibbs, L. Fetterplace, M. Rees, Q. Hanich, Effects and effectiveness of lethal 
shark hazard management: the Shark Meshing (Bather Protection) Program, NSW, 
Australia, People Nat. 2 (2019) 189–203. 

[23] L. Gibbs, A. Warren, Killing sharks: cultures and politics of encounter and the sea, 
Aust. Geogr. 45 (2014) 101–107. 

[24] L. Gibbs, A. Warren, Transforming shark hazard policy: learning from ocean users 
and shark encounter in Western Australia, Mar. Policy 58 (116) (2015) 124. 

C.L. Martin et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.marpol.2022.105079
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref1
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref1
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref1
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref2
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref2
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref2
https://beachsafe.org.au/about/
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref3
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref3
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref3
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref4
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref4
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref4
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref5
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref5
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref5
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref6
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref6
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref6
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref7
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref7
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref7
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref8
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref8
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref8
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref9
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref9
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref9
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref10
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref10
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref10
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref11
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref11
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref11
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref12
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref12
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref12
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref13
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref13
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref13
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref14
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref14
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref15
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref15
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref15
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref16
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref16
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref17
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref17
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref17
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref18
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref18
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref19
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref19


Marine Policy 141 (2022) 105079

12

[25] G.M.E. Gray, C.A. Gray, Beach-user attitudes to shark bite mitigation strategies on 
coastal beaches; Sydney, Australia, Hum. Dimens. Wildl. 22 (2017) 282–290. 

[26] M. Green, C. Ganassin, D.D. Reid, Report into the NSW Shark Meshing (Bather 
Protection) Program, 2009. 〈http://www.dpi.nsw.gov.au/__data/assets/pdf_file/ 
0008/276029/Report-into-the-NSW-Shark-Meshing-Program.pdf〉. 

[27] N.A. Gribble, G. McPherson, B. Lane, Effect of the Queensland Shark Control 
Program on non-target species: whale, dugong, turtle and dolphin: a review, Mar. 
Freshw. Res. 49 (1998) 645–651. 

[28] D. Guyomard, C. Perry, P.U. Tournoux, G. Cliff, V. Peddemors, S. Jaquemet, An 
innovative fishing gear to enhance the release of non-target species in coastal 
shark-control programs: the SMART (shark management alert in real-time) 
drumline, Fish. Res. 216 (2019) 6–17. 

[29] S.E. Hampton, J.N. Parker, Collaboration and productivity in scientific synthesis, 
BioScience 61 (2011) 900–910. 

[30] T.W. Horton, N. Hauser, S. Cassel, K.F. Klaus, T. Fettermann, N. Key, Doctor drone: 
non-invasive measurement of Humpback Whale vital signs using unoccupied aerial 
system infrared thermography, Front. Mar. Sci. 6 (2019) 466. 

[31] C. Huveneers, S. Whitmarsh, M. Thiele, L. Meyer, A. Fox, C.J.A. Bradshaw, 
Effectiveness of five personal shark-bite deterrents for surfers, Peer J. 6 (2018), 
e5554. 

[32] B.P. Kelaher, A.P. Colefax, A. Tagliafico, M.J. Bishop, A. Giles, P.A. Butcher, 
Assessing variation in assemblages of large marine fauna ocean beaches using 
drones, Mar. Freshw. Res. 71 (2019) 68–77. 

[33] M. Krogh, Spatial, seasonal and biological analysis of sharks caught in the New 
South Wales Protective Beach Meshing Programme, Aust. J. Mar. Freshw. Res. 45 
(1994) 1087–1106. 

[34] M. Krogh, D. Reid, Bycatch in the protective shark meshing programme off south- 
eastern New South Wales, Biol. Conserv. 77 (1996) 219–226. 

[35] A.K. Lentz, G.H.P. Burgess K., J.A. Brown, D.W. Mozingo, L. Lottenberg, Mortality 
and management of 96 shark attacks and development of a shark bite severity 
scoring system, Am. Surg. 76 (2010) 101–106. 

[36] A. Lupia, Communicating science in politicized environments, Proc. Natl. Acad. 
Sci. USA 110 (2013) 14048–14054. 

[37] F. Madden, B. McQuinn, Conservation’s blind spot: the case for conflict 
transformation in wildlife conservation, Biol. Conserv. 178 (2014) 97–106. 

[38] V.Y. Martin, B. Weiler, A. Reis, K. Dimmock, P. Scherrer, ‘Doing the right thing’: 
how social sience can help foster pro-environmental behaviour change in marine 
protected areas, Mar. Policy 81 (2017) 236–246. 

[39] N. McClean, I. van Putten, C. Sbrocchi, A. Chin, S. Pillans, Reducing risk in human- 
shark interactions in NSW: Trialling a participatory approach to understanding 
beachgoer behaviour. Faculty of Arts and Social Sciences, UTS Sydney. Unpublished 
report to NSW Shark Management Strategy, Sydney, 2020. 〈https://www.uts.edu. 
au/sites/default/files/2020-05/uts-reducing-risk-in-human-shark-interactions-in- 
nsw.pdf〉. 

[40] D. McPhee, Unprovoked shark bites: are they becoming more prevalent? Ocean 
Manag. 42 (2014) 478–492. 

[41] S.R. Midway, T. Wagner, G.H. Burgess, Trends in global shark attacks, PLoS One 14 
(2019), e0211049, https://doi.org/10.1371/journal.pone.0211049. 

[42] T. Moore, M. McDonald, H. McHugh-Dillon, S. West, Community engagement: a 
key strategy for improving outcomes for Australian families, 2016. <https://aifs. 
gov.au/cfca/sites/default/files/cfca39-community-engagement.pdf〉. 

[43] J. Nelson, T. Gorichanaz, Trust as an ethical value in emerging technology 
governance: the case of drone regulation, Technol. Soc. 59 (2019), 101131. 

[44] NSW Department of Primary Industries, NSW north coast shark-meshing trials final 
report. NSW DPI Fisheries Final Report Series 154, 2017. 〈https://www.dpi.nsw. 
gov.au/__data/assets/pdf_file/0009/734535/NSW-north-coast-shark-meshing-trial 
-final-report.pdf〉. 

[45] NSW Department of Primary Industries, North coast drone community survey of 
beachgoers. Unpublished report, 2018. 

[46] NSW Department of Primary Industries, Second NSW north coast shark-meshing 
trials final report. NSW DPI Fisheries Final Report Series No. 157, 2018. 〈https:// 
www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/829458/second-north-coast-sha 
rk-meshing-final-report.pdf〉. 

[47] NSW Department of Primary Industries, Shark Meshing (Bather Protection) 
Program 2018/19 Annual Performance Report, 2019. 〈https://www.sharksmart.ns 
w.gov.au/__data/assets/pdf_file/0007/1149640/smp-2018-19-annual-performan 
ce-report.pdf〉. 

[48] NSW Department of Primary Industries, NSW Shark Management Strategy: 
community survey (opt-in component). Unpublished report, 2020. 

[49] J.R. O’Bryhim, E.C.M. Parsons, Increased knowledge about sharks increases public 
concern about their conservation, Mar. Policy 56 (2015) 43–47. 

[50] R. Panoch, E.L. Pearson, Humans and sharks: changing public perceptions and 
overcoming fear to facilitate shark conservation, Soc. Anim. 25 (2017) 57–76. 

[51] C. Pepin-Neff, T. Wynter, Reducing fear to influence policy preferences: an 
experiment with sharks and beach safety policy options, Mar. Policy 88 (2018) 
222–229. 

[52] C. Pepin-Neff, T. Wynter, Save the sharks: reevaluating and (re)valuing feared 
predators, Hum. Dimens. Wildl. 24 (2019) 87–94. 

[53] V. Raoult, T.F. Gaston, Rapid biomass and size-frequency estimates of edible 
jellyfish populations using drones, Fish. Res. 207 (2018) 160–164. 

[54] D.D. Reid, W.D. Robbins, V.M. Peddemors, Decadal trends in shark catches and 
effort from the New South Wales, Australia, Shark Meshing Program 1950-2010, 
Mar. Freshw. Res. 62 (2011) 676–693. 

[55] O. Renn, D. Levine, Credibility and trust in risk communication, in: R.E. Kasperson, 
P.J.M. Stallen (Eds.), Communicilling Risks to the Public, Kluwer Academic 
Publishers, Netherlands, 1991, pp. 175–218. 

[56] W.D. Robbins, V.M. Peddemors, S.J. Kennelly, M.C. Ives, Experimental evaluation 
of shark detection rates by aerial observers, PLoS One 9 (2014), e83456, https:// 
doi.org/10.1371/journal.pone.0083456. 

[57] Royal Life Saving - Australia, Royal Life Saving National Drowning Report 2020. 
Sydney, NSW, Australia: 〈https://www.royallifesaving.com.au/__data/assets/pdf_f 
ile/0004/33178/RLS_NationalDrowningReport2020LR-FINAL.pdf〉. 

[58] m a Rtshiladze, s p Andersen, d q a Nguyen, a Grabs, k Ho, The 2009 Sydney shark 
attacks: case series and literature review, ANZ J. Surg. 81 (2010) 345–351. 

[59] G. Schofield, N. Esteban, K.A. Katselidis, G.C. Hays, Drones for research on sea 
turtles and other marine vertebrates - a review, Biol. Conserv. 238 (2019), 108214. 

[60] A.M. Shekari, Ocean savior from above: small unmanned aircraft systems (sUAS) 
operations during near-shore ocean rescues, McNair Sch. Res. J. 5 (2018), 1. 

[61] P. Simmons, M. Mehmet, Shark management strategy policy considerations: 
community preferences, reasoning and speculations, Mar. Policy 96 (2018) 
111–119. 

[62] P. Simmons, M. Mehmet, Operationalizing social media in upstream social 
marketing: a case of shark policy in New South Wales, J. Soc. Mark. 9 (2019) 
288–308. 

[63] P. Simmons, M. Mehmet, R.J. Clarke, Shark sentiment report. Institute for Land, 
Water and Society, Charles Sturt University. Unpublished report to NSW Shark 
Management Strategy, 2017. 

[64] P. Simmons, M. Mehmet, B. Curley, N. Ivory, K. Callaghan, K. Wolfenden, G. Xie, 
A scenario study of the acceptability to ocean users of more and less invasive 
management after shark-human interactions, Mar. Policy 129 (2021), 104558, 
https://doi.org/10.1016/j.marpol.2021.104558. 

[65] P. Simmons, M. Mehmet, B. Curley, K. Wolfenden, Assessment of the attitudes of 
beach and ocean users to shark mitigation following SMART drumline trials in NSW. 
Charles Sturt University. Report to NSW Shark Management Strategy, 2018. 
〈https://www.sharksmart.nsw.gov.au/__data/assets/pdf_file/0011/871688/ 
assessment-of-the-attitudes-of-beach-and-ocean-users-to-shark-mitigation- 
following-smart-drumline-trials-in-nsw.pdf〉. 

[66] P. Simmons, M. Mehmet, C. Martin, SMART drumlines as a shark mitigation tool. 
Report to NSW Shark Management Strategy. Charles Sturt University. Report to 
NSW Shark Management Strategy, 2019. 〈https://www.sharksmart.nsw.gov.au/__ 
data/assets/pdf_file/0004/1216768/assessment-of-the-attitudes-of-beach-and- 
ocean-users-to-shark-mitigation-following-smart-drumline-trials-in-nsw-2019.pdf〉. 

[67] C.A. Simpfendorfer, M.R. Heupel, W.T. White, N.K. Dulvy, The importance of 
research and public opinion to conservation management of sharks and rays: a 
synthesis, Mar. Freshw. Res. 65 (2011) 518–527. 

[68] D. Stokes, K. Apps, P.A. Butcher, B. Weiler, H. Luke, A.P. Colefax, Beach-user 
perceptions and attitudes towards drone surveillance as a shark-bite mitigation 
tool, Mar. Policy 120 (2020), 104127. 

[69] S.E. Straus, J. Tetroe, I.D. Graham (Eds.), Knowledge Translation in Health Care: 
Moving from Evidence to Practice, second ed, John Wiley & Sons, Hoboken, New 
Jersey, USA, 2013. 

[70] Surf Life Saving NSW. History, 2020. 〈https://www.surflifesaving.com.au/hi 
story〉. 

[71] J. Taylor, L. McLean, A. Korner, N. Glozier, Direct and indirect psychological 
impacts of shark-bite events, Aust. N. Z. J. Psychiatry 53 (2019) 27–36. 

[72] M.J. Thompson, Governing the Shark: Predators and People in the Twentieth 
Century and Beyond, Massachusetts Institute of Technology, Cambridge, MA, 
2016. 

[73] C.W. Trumbo, K.A. McComas, The function of credibility in information processing 
for risk perception, Risk Anal. 23 (2003) 343–353. 

[74] C. Underwood, Belief and attitude change in the context of human development, 
in: I. Sirageldin (Ed.), Sustainable Human Development in the Twenty-first 
Century: Volume II, EOLSS Publishers, Oxford, UK, 2009, pp. 103-124. 

[75] J.G. West, Changing patterns of shark attacks in Australian waters, Mar. Freshw. 
Res. 62 (2011) 744–754. 

[76] B.M. Wetherbee, C.G. Lowe, G.L. Crow, A review of shark control in Hawaii with 
recommendations for future research, Pac. Sci. 48 (1994) 95–115. 

[77] C. Wyborn, E. Louder, J. Harrison, J. Montambault, J. Montana, M. Ryan, 
J. Hutton, Understanding the impacts of research synthesis, Environ. Sci. Policy 86 
(2018) 72–84, https://doi.org/10.1016/j.envsci.2018.04.013. 

C.L. Martin et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref20
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref20
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref21
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref21
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref21
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref22
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref22
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref22
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref22
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref23
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref23
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref24
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref24
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref24
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref25
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref25
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref25
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref26
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref26
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref26
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref27
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref27
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref27
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref28
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref28
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref29
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref29
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref29
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref30
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref30
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref31
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref31
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref32
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref32
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref32
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref33
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref33
https://doi.org/10.1371/journal.pone.0211049
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref35
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref35
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/734535/NSW-north-coast-shark-meshing-trial-final-report.pdf
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/734535/NSW-north-coast-shark-meshing-trial-final-report.pdf
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/734535/NSW-north-coast-shark-meshing-trial-final-report.pdf
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/829458/second-north-coast-shark-meshing-final-report.pdf
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/829458/second-north-coast-shark-meshing-final-report.pdf
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0009/829458/second-north-coast-shark-meshing-final-report.pdf
https://www.sharksmart.nsw.gov.au/__data/assets/pdf_file/0007/1149640/smp-2018-19-annual-performance-report.pdf
https://www.sharksmart.nsw.gov.au/__data/assets/pdf_file/0007/1149640/smp-2018-19-annual-performance-report.pdf
https://www.sharksmart.nsw.gov.au/__data/assets/pdf_file/0007/1149640/smp-2018-19-annual-performance-report.pdf
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref36
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref36
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref37
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref37
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref38
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref38
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref38
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref39
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref39
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref40
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref40
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref41
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref41
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref41
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref42
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref42
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref42
https://doi.org/10.1371/journal.pone.0083456
https://doi.org/10.1371/journal.pone.0083456
https://www.royallifesaving.com.au/__data/assets/pdf_file/0004/33178/RLS_NationalDrowningReport2020LR-FINAL.pdf
https://www.royallifesaving.com.au/__data/assets/pdf_file/0004/33178/RLS_NationalDrowningReport2020LR-FINAL.pdf
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref44
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref44
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref45
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref45
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref46
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref46
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref47
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref47
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref47
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref48
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref48
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref48
https://doi.org/10.1016/j.marpol.2021.104558
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref50
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref50
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref50
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref51
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref51
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref51
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref52
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref52
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref52
https://www.surflifesaving.com.au/history
https://www.surflifesaving.com.au/history
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref53
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref53
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref54
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref54
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref54
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref55
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref55
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref56
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref56
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref57
http://refhub.elsevier.com/S0308-597X(22)00126-9/sbref57
https://doi.org/10.1016/j.envsci.2018.04.013

	The social dimension to the New South Wales Shark Management Strategy, 2015–2020, Australia: Lessons learned
	1 Introduction
	2 Methods
	3 Results
	3.1 Shark nets
	3.2 SMART drumlines (SD)
	3.3 Aerial surveillance (drones and helicopters)
	3.4 Listening stations (detection and notifications including the SharkSmart app and Twitter account)
	3.5 Personal shark deterrents
	3.6 Community education

	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Acknowledgements
	Declarations of interest
	Appendix A Supporting information
	References


