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Abstract. Invasive animal species threaten global biodiversity. In New Zealand invasive species threaten iconic native

species, and scientists are seeking approval to research new technologies that might be capable of eradicating these
invasive species. The aim of this research was to understand what New Zealanders with an interest in pest control consider
to be themain risks and benefits of introducing new technologies tomanage invasive species.We invited key informants to

participate in the focus groups, selecting people with knowledge and experience of pest control issues in New Zealand.
Data were collected from seven focus groups held in three locations across New Zealand. A thematic analysis of the data
was then conducted inwhich three key themes emerged: concern about the risk of unintended consequences, the benefits of
landscape-scale technologies, andNewZealand being an early adopter of new technologies. The focus groups articulated a

variety of benefits from introducing new technologies – such as replacing dangerous poisons with non-toxic alternatives –
but it was the risks of the new technologies that dominated the discussions. Given these results, we recommend an
education and communication strategy focussed on social learning, in conjunction with a codesigned decision-making

process, to help establish social licence for the application of potentially controversial technologies.
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Introduction

Invasive animal species threaten global biodiversity (Harvey-
Samuel et al. 2017). These pests prey on native species, compete

with native species for resources, modify habitats, and introduce
new pathogens to ecosystems (Clavero and Garcı́a-Berthou
2005; Crowl et al. 2008; Bergstrom et al. 2009). In Aotearoa

New Zealand, where there is a high rate of endemism, invasive
animals have caused negative ecological, economic, and social
impacts (Russell 2014). Consequently, invasive species manage-
ment is integral to national conservation and biosecurity policy.

In 2016 the New Zealand Government announced an ambi-
tious conservation vision, Predator Free 2050 (we distinguish
here between Predator Free New Zealand as a broader conser-

vation vision, the Predator Free 2050 mission, and the Predator
Free 2050 Ltd organisation), which aims to eliminate rats, mice,
Australian brushtail possums, and stoats from the mainland and

offshore islands of New Zealand by 2050. Predator Free 2050
has renewed interest in developing and researching new tools
and technologies to control or eradicate invasive animal species.

Scientists believe that a range of new technologies will be
available in the future to resolve NewZealand’s invasive animal
problem (Gemmell et al. 2013; PCE 2017; Dearden et al. 2018).

However, some of these technologies are potentially very

controversial, such as using gene editing techniques to pass

genetic traits through pest populations. Under current New
Zealand law these genetically edited organisms would be
classified as genetically modified organisms (GMOs) and sub-

ject to strict regulation (Dearden et al. 2018). Recently, the
Royal Society of New Zealand has conducted public forums on
gene editing technologies for use in healthcare and pest control

(Royal Society Te Apārangi 2017), and over the past two
decades there has been robust discussion on GMOs, which
informed the current legal arrangements. However, given
public concern about GMOs, it is difficult to gauge whether

New Zealanders are happy with the level of public participation
in the decision to use GMOs, or whether enough has been done
to explore the diversity of perspectives within New Zealand.

New Zealand’s Minister for the Environment, the
Honourable David Parker, has signalled that ‘the first area
where New Zealand may consider these [genetic] technologies

could be pest control but that is many years away’ (Davison
2018). The Minister’s comments come as the outgoing
Chief Science Advisor to the Prime Minister, Sir Peter

Gluckman, endorsed a public debate on GMO regulation in
New Zealand because ‘the science is as settled as it will be’
and ‘there are no significant ecological or health concerns
associated with the use of advanced genetic technologies’

(Davison 2018). Despite this, research has shown that
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New Zealanders remain reluctant to accept GMOs in any form
(El-Kafafi 2017).

The application of new invasive species control technologies
will require more than just regulatory approval: it will also
require a social licence from the public. Social licence to operate

is a concept that originated from the mining industry in the 1990s
(Moffat et al. 2016), and is broadly defined as a process that seeks
the ‘ongoing acceptance or approval of an operation by those

community stakeholders who are affected by it’ (Moffat et al.
2016, p. 480). In the context of the acceptance of new technolo-
gies, however, social licence ought to be expanded to include
the different perceptions of risks and benefits held by different

stakeholders towards different types of technologies (Gluckman
2016). Scholars argue that social licence is built and maintained
by meaningful engagements and information sharing between

those seeking social licence and society, as well as clear account-
ability, two-way dialogue, and communication (Moffat et al.
2016; Baines and Edwards 2018). However, because public

opinion and perceptions can change, social licence is a dynamic
process that needs to be continually reviewed. Furthermore,
perceptions of the fairness of these dynamic processes is also
critical for social licence (Grimes 2017).

If new technologies are to be applied to help achieve the
objectives of Predator Free 2050, their application will be
greatly facilitated if they have social licence. Our research has

been designed to gain greater understanding of the range of
perspectives New Zealanders hold on these new technologies,
the goal being to provide recommendations to conservation

managers so they can begin the process of working towards
social licence to potentially apply these new technologies in the
NewZealand context. Given these objectives, our research asks:

What do informed New Zealanders perceive as the risk and
benefits of three new technologies to control wasps and rats?

Background

We examined attitude and perception of three technologies in
relation to wasps and rats. The three new technologies chosen –

gene drives, the Trojan female technique, and pest-specific
toxins – are not currently available for use but are examples of
new technologies that could potentially be used to eradicate

invasive species in the future (PCE 2017, p. 67).
Gene drive is a genetic modification that ensures that

particular genes will pass through a population. Generally, the
offspring of a species inherit two versions of every gene, one

from each parent. Each parent carries two versions of the gene as
well, so normally there is a 50 : 50 chance that a variant genewill
be passed to an offspring. A gene drive ensures that specific

genetic changes will almost always be passed on, allowing that
variant to spread throughout a population. Gene drives have
been identified as a potentially powerful tool for invasive

species eradication (Champer et al. 2016; Corlett 2017;
Harvey-Samuel et al. 2017), and recent advances in the
CRISPR-Cas9 gene-editing technique will make the creation

of gene drives quicker, easier, and more cost-effective
(Baltimore et al. 2015; Ledford 2015; Beets 2016).

The Trojan female technique takes advantage of a naturally
occurring genetic mutation in females that causes male infertil-
ity. The Trojan female technique identifies and selectively

breeds females with these male infertility mutations to control
invasive species populations. These females give birth to sterile
male offspring, but their daughters still breed and produce sterile

males. Experts believe this fertility control approach has the
potential to be an efficient and humane form of controlling
animal pests (Gemmell et al. 2013).

Pest-specific toxins that will only kill target species are

currently being researched in New Zealand (PCE 2017).
(Pest-specific toxins are synonymous with species-specific,
host-specific, or species-selective toxins. We used the phrase

‘pest-specific toxin’ during our focus groups and have therefore
used it throughout the paper.) New Zealand uses several differ-
ent toxins for vertebrate pest control, but these have some

disadvantages; for example, they can affect non-target species,
some persist in animal tissues and can enter the food chain, and
some have animal welfare impacts. By contrast, pest-specific
toxins are less likely to cause secondary poisoning, to cause

undesirable animal welfare impacts, or to enter the food chain.
Researchers are ‘genome mining’ the DNA of target species to
find gene sequences that can be exploited by a pest-specific

toxin (PCE 2017, p. 67).
Vespula wasps1 (Lester et al. 2013) and rats2 (Russell 2014)

were chosen as target pests for this research primarily because

they are destructive invasive predators, and because research
examining New Zealanders’ attitudes to invasive species has
focussed on possums and rabbits (Kannemeyer 2017, p. 7). This

narrow focus can be seen in Table 1, which highlights past
research on attitudes towards invasive species in New Zealand.
Another reason for choosing wasps is that they ‘represent
perhaps the best case for the use of gene drive systems in New

Zealand’ (Dearden et al. 2018, p. 9).
New Zealand’s invasive species management has relied on

trapping, shooting, and several vertebrate toxic agents to control

harmful predators. Aerial release of 1080 toxin (sodium fluor-
oacetate) has provided landscape-scale predator control, but its
application remains controversial in New Zealand, with opi-

nions entrenched both in support of, and in opposition to, 1080
use (Green and Rohan 2012; Kannemeyer 2013; Russell 2014).
The debate over 1080 use has become polarised into ‘for and
against’ positions, reducing a complex debate to a win-or-lose

game to either continue or discontinue aerial 1080 use (Crowley
et al. 2017, p. 134).

The three new technologies examined in this paper have the

potential to achieve landscape-scale eradication of invasive
species. One of the factors affecting the application of new
technologies beyond social licence is New Zealand’s strict

legislative protections covering the research and release of
GMOs, toxins, and biological control agents. GMO research is
regulated in New Zealand by the Hazardous Substances and

1The wasps we targeted in this research are the two introduced Vespula species (German wasp and common wasp) and not the wasp species that are native to

New Zealand.
2Ship rats and Norway rats are initially targeted by Predator Free 2050. New Zealand also hosts kiore (Polynesian rats) which have cultural value to indigenous

Māori in New Zealand.
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New Organisms (HSNO) Act 1996. The HSNO Act promotes a
precautionary approach to GMOs, arguing that there is a ‘need
for caution in managing the adverse effects where there is

scientific and technical uncertainty about those effects’ (Sec-
tion 7). So far, under the HSNO Act there has been no release or
conditional release of a GMO in New Zealand, but several
applications have been given approval which have not yet been

activated (Edwards 2017, p. 2).
Because New Zealand has robust regulation for GMOs, there

has been debate about whether social licence to operate is

needed, with some arguing that the rule of law should be
sufficient to address the concerns of New Zealanders (Malpass
2013). The counter-argument is that ‘regulatory approval for an

activity does not necessarily equate to social approval’
(Edwards and Trafford 2016, p. 167). Edwards and Trafford
argue that regulation and social expectations operate indepen-

dently of each other, with regulation considered to be an
expression of theminimum standard that an activity or operation
must meet (p. 167). We argue that a conversation on social
licence to research new invasive species technologies is neces-

sary despite the strong regulatory context.
Our primary research aim is to examine the range of

perspectives on the risks and benefits of these new technologies.

A supplementary aim is to use this new knowledge to inform the
process of obtaining social licence for potential application of
these new technologies before political decisions and economic

investments are made, or before public opposition to

technologies has formed (Wilsdon and Willis 2004; Rogers-
Hayden and Pidgeon 2007). This research contributes knowl-
edge on how to deliberate with the public on complex and

controversial topics, and how to conduct this deliberation so that
it does not reduce into for-or-against positions by encouraging
two-way learning and engagement between scientists and the
public.

Methods

Focus groups

Primary data for this research was collected through focus
groups. Focus groups are commonly used to discover the atti-

tudes and perceptions of their participants (Kruger 1994). Focus
groups also help researchers to gain greater understanding of
how group dynamics affect individual attitudes and decision-
making processes (Bloor 2001; Stewart and Shamdasani 2014).

Also, practitioners have begun to articulate how focus groups
can be used as an anticipatory methodology, ‘a tool to research
public responses in-the-making’, in order to see how the public

will react to advances in science and technology (Macnaghten
2017, p. 343).

Seven focus groupswere conducted in three locations inNew

Zealand: Wellington, the Nelson region, and New Plymouth
(n¼ 47). All focus groups received social ethics approval from
Manaaki Whenua Landcare Research’s internal social ethics

review (application no. 1718/08). Two focus groups were

Table 1. A summary of research conducted in New Zealand on attitudes to invertebrate and vertebrate pest species identified in a systematic

literature review

Source: Kannemeyer (2017)

Invertebrate pests Vertebrate pests

Leafrollers

and mites

Moths Wasps Other

invertebrates

Feral cats Possums Rabbits Rats Stoats Other

vertebrates

Bidwell (2012)

Bidwell and Thompson (2015)

Farnworth et al. (2011)

Farnworth et al. (2014)

Fitzgerald et al. (1994)

Fitzgerald et al. (1996a)

Fitzgerald et al. (1996b, 2000)

Fitzgerald et al. (2002, 2005)

Fraser (2001)

Gamble et al. (2010)

Green and Rohan (2012)

Horn and Kilvington (2002)

Kannemeyer (2013)

McEntee (2007)

Mercier et al. (2019)

Niemic et al. (2017)

Richardson-Harmon et al. (1998)

Russell (2014)

Sheppard and Urquhart (1991)

Wilkinson and Fitzgerald (1997, 1998)

Wilkinson and Fitzgerald (2006)

Wilkinson and Fitzgerald (2014)

Wilkinson et al. (2000)

Wilson and Cannon (2004)
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conducted with central government agencies in Wellington
(coded in-text as GFG 1 and GFG 2), and five focus groups

were held with stakeholders with an interest in wasp and rat
eradication in Nelson and New Plymouth (coded in-text as
SFG 1 through SFG 5). The size of each focus group varied,

with 11 participants in the largest focus group (GFG 2) and only
three participants in the smallest focus group (SFG 3). The
locations of the stakeholder focus groups were chosen due to

specific pest issues in these regions. The Nelson region was
chosen because wasps are a particular problem in local beech
forests, and New Plymouth was chosen because of the extensive
pest control work that has been done by local farmers and

volunteers in the region.
We used a purposive sampling strategy to select our focus

group participants (Patton 2015). Our aim was to select people

who have detailed knowledge and experience of pest control
issues in relation to wasps and rats, so participants were sought
from industries and professions such as beekeeping, forestry,

conservation, journalism, local and regional councils, the educa-
tion sector, as well as professional pest control operators. We
consider these participants ‘key informants’ – our experience
supports the finding that ‘significant data can be generated

through in-depth interviewswith small samples of key informants
because they occupy significant positions of expertise or have had
particular experiences’ (Porth et al. 2015, p. 671). We make no

claims that our results are representative of the New Zealand
public; rather, we present a range of views and opinions of New
Zealanders who are informed about and involved in pest control.

One researcher moderated each focus group, whilst other
researchers observed the content and interactions of the group
discussions and took notes. The government agency focus

groups held in November 2017 were pilot focus groups, and
the lessons from these focus groups were incorporated into the
stakeholder focus groups that were held in Nelson (December
2017) and New Plymouth (March 2018). Each focus group

addressed three key questions:

(1) What is important to you in a pest control technology?

(2) What comes to mind when you think of gene drives, the
Trojan female technique, and/or pest-specific toxins as pest
control solutions in New Zealand?

(3) What doyou see as the risks and benefits of using genedrives,
the Trojan female technique, and/or pest-specific toxins?

The focus groups were designed to elicit both immediate
reactions to the technologies and participants’ reactions after
reading technology descriptions to see whether additional infor-

mation changed individual or group attitudes or perceptions. To
achieve this, between questions (2) and (3) participants were
given a sheet that briefly explained the three technologies. At the

beginning of each focus groupwe presented a set of ground rules
for the discussion, including respect for all opinions given in the
discussion.

Thematic analysis

We coded and analysed the focus group data using a thematic
analysis. Thematic analysis involves searching across a dataset
to find repeated themes and patterns of meaning. According to

Braun and Clarke (2006, p. 10), ‘a theme captures something

important about the data in relation to the research question, and
represents some level of patterned response or meaning within

the data set’. A theme ought to cut across the dataset – for
example, our dataset is made up of seven focus groups and a
theme should be identified within several of those focus groups.

However, being a qualitative analysis, there is no prescribed
percentage of focus groups in which a theme must be present.
Furthermore, the importance of a theme is not determined by

quantifiable measures (for example, it is present in all focus
groups) but rather in terms of whether it captures something
important and interesting about the research topic.

We followed Braun and Clarke’s (2006) six-step guide on

how to conduct thematic analysis. These steps require the
research team: (1) to familiarise themselves with the data,
(2) to generate initial codes, (3) to search for themes, (4) to

review themes, (5) to name and define themes, and (6) to report
the findings in relation to the research question. Following these
steps, we identified themes through a mixed inductive and

deductive approach that was initially developed by Fereday
and Muir-Cochrane (2006) in health research. This mixed
approach allowed us to identify themes that captured something
important about the research topic, themes we recognised from

the literature as well as themes that emerged from the focus
group text.

We audio-recorded six of the seven focus groups (one group

did not consent to recording so detailed notes of the unrecorded
meeting were taken). The audio recordings were then sent to be
transcribed by a professional transcription service. Two of the

researchers then separately coded each focus group transcription
and focus group observations using the NVivo 11 qualitative
data analysis software. Coding involves identifying features of

the data that appear interesting, and refers to ‘the most basic
segment, or element, of the raw data or information that can be
assessed in a meaningful way regarding the phenomenon’
(Boyatzis 1998, p. 63). After the first round of coding the

researchers searched for themes; following this, the researchers
then recoded the data a second time and compared their results to
identify overlaps or omissions. In the next section we will

describe these themes and how they contribute to our under-
standing of what New Zealanders perceive as the risks and
benefits of new invasive species control technologies.

Results

Across the seven focus groups three key themes emerged from
the discussion.

Theme 1: Unintended consequences

One of the risks identified by our focus group participants can be
broadly summarised under the theme unintended consequences.
This risk of unintended consequences was expressed in several

ways; for example, the effect of predator loss on ecosystems, the
spread of a technology beyond New Zealand’s borders, the
possibility of genetic technologies jumping between species,

and the notion of ‘playing god’. The recurrence of unintended
consequences as a theme highlights that our focus group parti-
cipants perceive potential unintended consequences as a serious
issue when introducing new technologies, and this supports

Wynne’s (2006, p. 216) argument that members of the public
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focus on unpredicted effects rather than scientifically described
risks. In addition, Duckworth et al. (2006) suggest that public

acceptance of new technologies for control of introduced
mammalian predators may depend on how these technologies
are introduced to the public and how much control people feel

they have over possible long-term effects.
A concern raised with all three technologies was that

eradication of introduced predators might upset New Zealand’s

fragile ecosystems. The quandary can be summarised as fol-
lows: if a pest-specific toxin eradicates rats from New Zealand,
will other predators fill the void left by rats? In other words, will
the deployment of technology actually achieve its aim to

protect New Zealand’s native species from harm? One partici-
pant from a stakeholder focus group summed up the issue by
stating:

y ecology is complex and the systems we are playing with

are really complex. If you tweak one thing you can get flow on

effects, and by reducing the predators itself that will be a flow

effect and there’s nothing you can really do about that. You

don’t want to add other things into the system that are also

going to have a lot of flow on effects. [SFG 3]

Ecosystem effects are a concern when deploying any inva-
sive species control technology, but most risks identified under
the unintended consequences theme relate specifically to the use

of genetic technologies.
The issue of unintended consequences with genetic technol-

ogies was raised in all seven focus groups. For example, if

German wasps were given gene drives to ensure all of their
offspring were male, and one or more of these wasps surrepti-
tiously returned to continental Europe through freight or other

means, it could disrupt the ecosystems of continental Europe.
Although the issue of international leakage of technology is
relevant to wasps and rats, the most commonly cited example in
our focus groups was possums. Possums are an invasive folivore

predator in New Zealand, but in neighbouring Australia they are
a treasured native species, and the possible spread of some form
of biological control such as infertility would be viewed nega-

tively (Duckworth et al. 2006). If a genetically modified possum
were to find its way to Australia, it could have a devastating
effect on the local possum population.

Another unintended consequence that focus group partici-
pants were wary of was the spread of genetic technology from
species to species.When one stakeholder focus group was asked
what they see as the risk of genetic predator control technolo-

gies, the first response was:

Species jumping would be the biggest risk. And that would

put most people off, if there was even a slight chance. [SFG 4]

There was a concern that wasps with gene drives might breed
with native bees, and this breeding could subsequently spread

the gene drives from the wasps through to the bees. The likeli-
hood of species jumping might be extremely low with CRISPR-
Cas9 gene editing, but the focus groups did express the fear that

this might occur.
‘Playing god’ with genetics was another risk identified by

participants. Some might not consider this a consequential
argument because those opposed to gene drives on these grounds

are taking a principled stand against any form of genetic

manipulation free from any calculation of risk and benefit.
Despite this, a participant from the stakeholder focus groups

framed ‘playing god’ as a risk:

Changing nature – changing the blueprint. We cannot

reverse it once it’s changed. [SFG 4]

One participant from the government agency focus groups
stated:

I can imagine like most things, [there is a] bell-shaped curve

of perception from ‘yeah, cool science, go for it’, through to,

‘oh my god, this is GE food now in wildlife, and it’s the mad

scientist becoming Frankenstein and just messing with

nature’. [GFG 2]

These concerns refer not only to the unintended con-
sequences that might occur from the use of genetic predator
control technologies, but the idea that once genes are altered

there is no way to go back. We can monitor the effect that poi-
sons and toxins have on the environment, and can subsequently
reduce or increase their use given these measurable effects. By

contrast, gene drives are perceived to create permanent changes
that cannot be reversed.

Theme 2: Spatial and temporal scales of control

The control of invasive animals is limited by what can be
achieved with current technology, primarily because of cost.

New Zealanders have traditionally preferred non-toxic control
methods such as trapping and shooting (Fraser 2006), but due to
the size and topography of New Zealand these preferred control

methods are unsuitable for eradicating entire species over large
areas because of their costs. This has resulted in poisons being
used as the primary invasive animal pest control tool, despite the

public’s reluctance to use these methods. As one of the stake-
holder participants said:

For the work we do at the moment, we’ve only really two

choices: toxins and killing pests directly using trapping. We

know that trapping is not cost-effective on a large scale, so

we need to broaden the toxin tool box. [SFG 3]

Our participants identified that one benefit of introducing
new technologies is that they could potentially address invasive

species control at a landscape scale. As one participant noted:

[Any technology]y has to be acceptable, but if it’s not

[applicable] at the landscape scale then there is no point.

[SFG 2]

Another stated:

y controlling [pests] in little areas all over the country is

pretty ineffective at solving the big issuey if they controlled

birds in some little patch of bush down in Nelson, the actual

effect on the bird population will be nothing. [SFG 2]

New Zealand needs technologies that can control invasive
species effectively at landscape scales, and new technologies

such as gene drives could potentially provide this. Invasive
species control at the landscape scale must not only be afford-
able but also practical and easy to implement. Currently, aerial
1080 application is the most cost-effective predator control

method at the landscape scale, especially on steep and
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inaccessible conservation land.A new technologywould need to

be just as effective and practical as aerial 1080.
Our participants also noted that a mix of new and existing

technologies could enable New Zealand to have the most

comprehensive invasive species control toolkit in the world.
In one stakeholder focus group they argued that aerial 1080
could be used as a first step, and then a combination of the three

emerging technologies used afterwards to eradicate hard-to-
reach pests. The more new technologies that become available,
the more options there will be to undertake invasive species

control at the landscape scale that are ethically acceptable and
affordable.

In addition to a new technology being deployable at the
landscape scale, participants commented that new technologies

need to be sustainable over time:

We have lots of energy at the moment to keep trapping but

whether it is going to be the same in 20 years’ time – I might

be a bit over it by then. [SFG 3]

There was a sense in our focus groups that while the Predator

Free 2050 movement is currently receiving a lot of publicity,
if volunteers and the public do not see immediate beneficial
results they might lose interest and discontinue their efforts.
Given this, the potential of new technologies to self-perpetuate,

reducing the need for time-consuming labour, would be very
beneficial:

Sustainability for the future – manifests itself and grows by

itself so you don’t have to keep doing the labour over and

over. Sow the seeds and walk away and it will carry on by

itself. [SFG 2]

Theme 3: New Zealand as an early adopter of new
technologies

The introduction of new technologies to manage invasive spe-
cies could make New Zealand a world leader in invasive species
eradication, but our focus group participants perceived both

benefits and risks from being an early adopter. A participant

from a government agency focus group suggested that New
Zealand already leads the world in off-shore island pest eradi-
cation, and so is ideally suited to test new eradication technol-

ogies. Others in this discussion responded by arguing that there
were significant ethical questions to be answered before genetic
technologies could be used for invasive species eradication.

Participants noted that using genetic technologies could affect
New Zealand’s GMO-free status, and if this status was threat-
ened it could have a negative effect on the primary production

and tourism sectors.
The benefits of being an early adopter of invasive species

technologies were not elaborated in great detail by the focus
group participants. Thiswas illustrated in one exchange between

the focus group moderator and participants:

Participant A: I think a potential benefit is sharing the

techniques. If we can show it works here [in New Zealand]

we are potentially world leaders.

Moderator: Do you feel like this is something New

Zealand should be a world leader on?

Participant A: Yes.

Participant B: Yes. We could be world leaders – [we]

already lead the way in eradicating pests. We are about

innovation and technology. [SFG 3]

Developing the technology in New Zealand and then sharing it
globally could result in economic benefits for NewZealand. The

focus groups also felt that if problem species were eradicated,
this could have a positive flow-on effect for New Zealand’s
tourism industry, and other industries such as beekeeping and

honey exportation. Focus group members employed as pest
control specialists understood that it could negatively affect
their livelihood, and it could also affect farmers who market

their produce as GMO-free.
Attitudes to the risks and benefits of introducing new

technologies to manage wasps and rats in New Zealand are
summarised in Table 2.

Table 2. An overview of the key themes identified in focus group discussions on three new technologies with potential for pest control of wasps

and rats

Theme Perceived risks Perceived benefits

Unintended consequences � Effect of predator loss on ecosystems and

other predators

� International leakage of technologies

� Species jumping with gene technologies

� ‘Playing God’ and being unable to reverse

genetic modification

Spatial and temporal scales of control � Used at landscape scale

� Alternatives to aerial 1080

� Ability to use a mixture of old and new technologies

� Sustainable over time

New Zealand as an early adopter of

new technologies

� Economic effects on primary production � Potential benefits of being a world leader in invasive

species eradication

� Livelihood of pest control contractors � Tourism benefits from pest-free environment

� Benefits to industries directly affected by pests, such as

honey exportation
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Discussion

The focus groups uncovered diverse attitudes to the risks and
benefits of introducing new technologies to manage wasps and
rats in New Zealand. Although our research participants

articulated a variety of benefits from introducing new technol-
ogies – such as landscape-scale eradication, replacing danger-
ous poisons with non-toxic alternatives, as well as New Zealand
being aworld leader in invasive species eradication – the risks of

the new technologies dominated the discussions. The risks were
often related to the hypothetical unknown consequences of the
technology, such as gene drives swapping between species. The

opinion of focus group participants on the technologies did not
change significantly after we provided them with more infor-
mation. Given that our focus group participants were selected as

key informants, these attitudes will be informed by their
intimate knowledge of invasive species control in New Zealand.
For those seeking data on general public attitudes, a paper is in

preparation that reports the results of a survey undertaken into
public attitudes on new invasive species technologies, in
particular gene-drive technology (E. MacDonald, pers. comm).

There are multiple public perspectives on invasive species

management in New Zealand (Russell 2014; Bidwell and
Thompson 2015), and this is reflected in the themes that
emerged from our analysis. Some of the themes resonate with

past research on attitudes to invasive species technologies in
New Zealand. For example, the issue of unintended conse-
quences is one theme that has been revealed in past research

(Horn and Kilvington 2002; Kannemeyer 2013; Wilkinson and
Fitzgerald 2014). However, the importance of new technologies
being effective at the landscape scale and sustainable over time,

and New Zealand being a world leader in testing new invasive
species eradication technologies, are themes that have not
previously been identified.

The concept of social licence emerged in an era when faith

in government assessment processes was low and demand for
public engagement in decision-making was increasing (Zhang
et al. 2018). Typically, informal social licence has been sought

by resource development companies who seek the approval of
local communities for their activities (Baines and Edwards
2018). In our example, the approval of communities is sought

for technologies that will most likely be implemented and
funded by government for public benefit, an arrangement that
risks blurring the line between a government agency’s formal
regulatory responsibilities and informal social licence (Zhang

et al. 2018). Given this, it is particularly important that the
principles of engagement, trust building, information sharing,
accountability, and clear two-way communication are observed

to obtain and maintain social licence (Moffat et al. 2016; Baines
and Edwards 2018, p. 140).

The following recommendations provide guidance on how to

work towards the principles of social licence in the context of
the themes that emerged from our focus group analysis. We
argue that these recommendations are important starting steps in

public deliberation, but we recognise they are not an ideal or
perfect process for deliberating about invasive species control
(Hagendijk and Irwin 2006, p. 183). It should also be noted that
these recommendations have been developed in theNewZealand

context. Regardless, we believe that these recommendations

could help countries to begin an open and honest debate regard-
ing ethical and moral concerns stemming from invasive species

eradication, or the introduction of new and potentially disruptive
technologies.

We follow the recommendation of Mercer-Mapstone et al.

(2017) to establish an initial phase of dialogue focussed on
social learning, followed by a phase of strategic dialogue that is
more goal driven. In the first stage the public can inform the

parameters of the discussion, while in the second stage the
process of building social licence can begin.

Recommendation 1: Develop an education and
communication strategy on gene drives, the Trojan
female technique, and pest-specific toxins

Trust, legitimacy and credibility are core components in devel-
oping social licence with communities (Thomson and Joyce
2008; Moffat and Zhang 2014;Moffat et al. 2016). An important

step in developing an engagement strategy will be to build trust
with decision makers and scientists. Hipkins et al. (2002, p. 2)
argue that for most New Zealanders ‘seeing is believing’, and
they are not inclined to accept scientific claims on trust alone.

Given this, it is not surprising that some of our focus group
participants felt that a science-led approach to education was not
going to convince the public to accept new technologies:

The more you push facts down their throat, the more they

won’t agree with you. [GFG 1] y when you attack them

with science, they’re not going to believe it a lot of the time

because they don’t understand the science. [GFG 1]

Distrust in science has a direct effect on how people perceive

the risks of new technologies and whether they would be willing
to permit their use in New Zealand. As one participant noted:

We’ve worked for a very, very long time to [gain acceptabil-

ity for]y the use of toxins in their current form and still we

do not have faith and trust from the whole community. If

something new is implemented and subsequently fails to be

able to take the public on another positive journey [it] might

be a really, really difficult task [to gain social licence to

operate]. [SFG 4]

Our first recommendation is to establish a two-way com-
munication strategy between the public and scientists in which
social concern about the technologies is transmitted from the
public to scientists, and scientists present information to the

public about the new technologies while recognising knowledge
gaps, uncertainties, and risks. The problem with public educa-
tion initiatives, as identified in our focus groups, is that they

often assume that the public do not support the introduction of
new science and technology due to lack of information. Fol-
lowingWynne’s (2006) caution, we do not want to replicate this

deficit model of science communication in the creation of our
new communication strategy, but we also recognise that there is
a lack of information available to the public about these

potentially powerful new technologies. Thus we recommend a
genuine shift from one-way, top-down communication between
science providers and the public towards public engagement
with science that results in a genuine dialogue (Burns and

Medvecky 2018).
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One way of achieving this dialogue is by selecting ‘front-
room’ scientists – scientists who are skilled communicators and

can engage in a dialogue with the public – to play a brokering
role between science and the public (Berkett et al. 2018). Two-
way communication can ensure that the framing of the discus-

sion includes the public’s concern about unpredicted effects as
well as scientifically described risks (Wynne 2006, p. 216). We
believe a reflexive education and communication strategy will

enhance trust and enable greater information sharing and
engagement between information providers, advocates for
new technologies, and the public.

Independent authorities such as the Parliamentary Commis-

sioner for the Environment or an expert panel could provide
information to the communication strategy, which would be as
objective and neutral as possible. The process of public engage-

ment ought to be led by professional organisations such as the
Royal Society of New Zealand, or institutions such as museums
(Priest 2017). New Zealand’s Department of Conservation, or

organisations such as the Predator Free New Zealand Trust,
should not be involved in these processes because they are likely
to advocate for one or more of the technologies to be introduced,
and opponents to new technologies might not trust them as a

source of objective and neutral information.

Recommendation 2: Codesign decision-making processes

In order to establish social licence, our second recommendation
is to codesign decision-making processes with stakeholders

and the public (Blomkamp 2018). Just as the engagement and
communication initiatives ought to be a dialogue, so should
the processes to decide whether to apply a new technology.

In this process it should be put to both decision-makers and the
public whether the aim of becoming a world leader in applying
new invasive species eradication technologies is desirable. Once
again, these processes ought to be led by independent authorities

such as the Royal Society of New Zealand, rather than institu-
tions that might be perceived to have a vested interest in
applying new technologies for invasive species control. Further

research is required to identify which existing or potential new
organisations would be best placed to provide the stewardship-
oriented leadership that is required to moderate such a process.

Ceding some decision-making authority to the public will
help legitimise the decisions that are made. Techniques such
as deliberative dialogue, citizen juries, or community collabora-
tions could be introduced, whereby authority is devolved

from politicians and public servants to community representa-
tives (Cronin 2008). The focus ought to be on bringing together
divergent interests to form a shared vision, although in creating

this shared vision it should be stressed that differences of
opinion are good and valuable, whereas polarisation is divisive
(Olsson et al. 2006). Many of these techniques are being

developed and tested through the responsible research and
innovation agenda in Europe (Owen et al. 2012; Von
Schomberg 2013; Burget et al. 2017).

One of the difficulties in establishing social licence for the
application of new technologies is that a range of different social
licences would need to be negotiatedwith those affected at local,
regional, national, and international scales (Dare et al. 2014).

Initially, social licence to research these technologies might be

limited to a small geographical space, as technologies would be
located in laboratories. But if there was a desire for field testing

or conditional release, the scope of social licence would rapidly
expand. Social licence ought to be obtained at multiple scales if
New Zealand were to become a world leader in the application

of these technologies, but seeking social licence at all these
scales simultaneously would also be costly, time consuming and
difficult.

Conclusion

To conclude, we identified a series of themes, some of which

resonate with past research and some of which are new. In the
past, debates over the use of particular technologies to control
invasive species, such as aerial 1080, have resulted in social
polarisation and distrust in government institutions. In order

to avoid entrenching new conflicts, new communication and
decision-making processes ought to be introduced regarding the
research and potential future application of the three new tech-

nologies examined.Diverse communities at different scales ought
to be included in the design and enactment of these education and
decision-making processes to enhance their legitimacy.

Obtaining social licence for new invasive species control
technologies is complex and multifaceted. Even if our recom-
mendations are thoughtfully and thoroughly implemented,

obtaining social licence to apply new invasive species control
technologies in New Zealand is not guaranteed.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

We acknowledge the anonymous referees as well as Dr Ronlyn Duncan and

Bruce Warburton for their comments on earlier versions of the manuscript.

We would also like to thank all the focus group participants for their con-

tribution to the project. This research was funded by the Biological Heritage

National Science Challenge under Project 2.6. – Public perceptions of the

use of novel pest control methods.

References

Baines, J., and Edwards, P. (2018). The role of relationships in achieving and

maintaining a social licence in the New Zealand aquaculture sector.

Aquaculture 485, 140–146. doi:10.1016/J.AQUACULTURE.2017.11.047

Baltimore, D., Berg, P., Botchan, M., Carroll, D., Charo, R. A., Church, G.,

Corn, J. E., Daley, G. Q., Doudna, J. A., Fenne, R. M., and Greely, H. T.

(2015). A prudent path forward for genomic engineering and germline

gene modification. Science 348, 36–38. doi:10.1126/SCIENCE.

AAB1028

Beets, R. (2016). Governing CRISPR: evaluating ethics, risk, and regulation

in gene drive research. MSc thesis, University of Minnesota, Minnea-

polis, MN, USA.

Bergstrom, D. M., Lucieer, A., Kiefer, K., Wasley, J., Belbin, L., Pedersen,

T. K., and Chown, S. L. (2009). Indirect effects of invasive species

removal devastate World Heritage island. Journal of Applied Ecology

46, 73–81. doi:10.1111/J.1365-2664.2008.01601.X

Berkett, N., Fenemor, A., Newton, M., and Sinner, J. (2018). Collaborative

freshwater planning: changing roles for science and scientists. Austra-

lasian Journal of Water Resources 22, 39–51. doi:10.1080/13241583.

2018.1465246

Bidwell, S. (2012). Talking about 1080: risk, trust and protecting our place.

M. PubHealth, University of Otago, Dunedin. Available at http://hdl.

handle.net/10523/2186 [Verified 16 May 2019].

42 Pacific Conservation Biology N. Kirk et al.

http://dx.doi.org/10.1016/J.AQUACULTURE.2017.11.047
http://dx.doi.org/10.1126/SCIENCE.AAB1028
http://dx.doi.org/10.1126/SCIENCE.AAB1028
http://dx.doi.org/10.1111/J.1365-2664.2008.01601.X
http://dx.doi.org/10.1080/13241583.2018.1465246
http://dx.doi.org/10.1080/13241583.2018.1465246
http://hdl.handle.net/10523/2186
http://hdl.handle.net/10523/2186


Bidwell, S., and Thompson, L. (2015). Place invaders: identity, place

attachment and possum control in the South Island west coast of New

Zealand.New Zealand Geographer 71, 81–90. doi:10.1111/NZG.12083

Blomkamp, E. (2018). The promise of co-design for public policy.

In ‘Routledge handbook of policy design’. (Eds M. Howlett, and

I. Mukherjee.) pp. 77–92. (Routledge: Milton Park, UK.)

Bloor, M. (2001). ‘Focus groups in social research.’ (Sage Publications:

Thousand Oaks, CA, USA.)

Boyatzis, R. (1998). ‘Transforming qualitative information: thematic analysis

and code development.’ (Sage Publications: Thousand Oaks, CA, USA.)

Braun, V., and Clarke, V. (2006). Using thematic analysis in psychology.

Qualitative Research in Psychology 3, 77–101. doi:10.1191/

1478088706QP063OA

Burget, M., Bardone, E., and Pedaste,M. (2017). Definitions and conceptual

dimensions of responsible research and innovation: a literature review.

Science and Engineering Ethics 23, 1–19. doi:10.1007/S11948-016-

9782-1

Burns, M., and Medvecky, F. (2018). The disengaged in science communi-

cation: how not to count audiences and publics. Public Understanding of

Science 27, 118–130. doi:10.1177/0963662516678351

Champer, J., Buchman, A., and Akbari, O. S. (2016). Cheating evolution:

engineering gene drives to manipulate the fate of wild populations.

Nature Reviews. Genetics 17, 146–159. doi:10.1038/NRG.2015.34

Clavero, M., and Garcı́a-Berthou, E. (2005). Invasive species are a leading

cause of animal extinctions. Trends in Ecology & Evolution 20, 110.

doi:10.1016/J.TREE.2005.01.003

Corlett, R. T. (2017). A bigger toolbox: biotechnology in biodiversity

conservation. Trends in Biotechnology 35, 55–65. doi:10.1016/

J.TIBTECH.2016.06.009

Cronin, K. (2008). The privatization of public talk: a New Zealand case

study on the use of dialogue for civic engagement in biotechnology

governance. New Genetics & Society 27, 285–299. doi:10.1080/

14636770802326950

Crowl, T. A., Crist, T. O., Parmenter, R. R., Belovsky, G., and Lugo, A. E.

(2008). The spread of invasive species and infectious disease as

drivers of ecosystem change. Frontiers in Ecology and the Environment

6, 238–246. doi:10.1890/070151

Crowley, S. L., Hinchliffe, S., and McDonald, R. A. (2017). Conflict in

invasive species management. Frontiers in Ecology and the Environ-

ment 15, 133–141. doi:10.1002/FEE.1471

Dare,M., Schirmer, J., and Vanclay, F. (2014). Community engagement and

social licence to operate. Impact Assessment and Project Appraisal 32,

188–197. doi:10.1080/14615517.2014.927108

Davison, I. (2018). Time to reignite GE debate in New Zealand, says

Sir Peter Gluckman. Available at https://www.nzherald.co.nz/nz/news/

article.cfm?c_id=1&objectid=12081256 [accessed 15 October 2018].

Dearden, P. K., Gemmell, N. J., Mercier, O. R., Lester, P. J., Scott, M. J.,

Newcomb, R. D., Buckley, T. R., Jacobs, J. M., Goldson, S. G., and

Penman, D. R. (2018). The potential for the use of gene drives for pest

control in New Zealand: a perspective. Journal of the Royal Society of

New Zealand 48, 225–244. doi:10.1080/03036758.2017.1385030

Duckworth, J. A., Byrom,A. E., Fisher, P., andHorn, C. (2006). Pest control:

does the answer lie in new biotechnologies? In ‘Biological Invasions in

NewZealand’. (EdsR.B.Allen, andW.G. Lee.) pp. 421–434. (Springer:

Berlin.)

Edwards, S. (2017). Research into genetically modified organisms in New

Zealand: an examination of a sociotechnical controversy. Ph.D. Thesis,

Lincoln University, New Zealand.

Edwards, P., and Trafford, S. (2016). Social licence in New Zealand – what

is it? Journal of the Royal Society of New Zealand 46, 165–180.

doi:10.1080/03036758.2016.1186702

El-Kafafi, S. (2017). Genetic engineering perception in New Zealand: is it

the way of the future? In ‘World Sustainable Development Outlook

2007: Knowledge Management and Sustainable Development in the

21st Century’. (Ed. A. Ahmed.) pp. 200. (Greenleaf Publications:

Sheffield, UK.)

Farnworth, M. J., Campbell, J., and Adams, N. J. (2011). What’s in a Name?

Perceptions of stray and feral cat welfare and control in Aotearoa.

New Zealand Journal of Applied Animal Welfare Science 14, 59–74.

doi:10.1080/10888705.2011.527604

Farnworth, M. J., Watson, H., and Adams, N. J. (2014). Understanding

attitudes toward the control of nonnative wild and feral mammals:

similarities and differences in the opinions of the general public, animal

protectionists, and conservationists in New Zealand (Aotearoa). Journal

of Applied Animal Welfare Science 17, 1–17. doi:10.1080/10888705.

2013.799414

Fereday, J., and Muir-Cochrane, E. (2006). Demonstrating rigor using

thematic analysis: a hybrid approach of inductive and deductive coding

and theme development. International Journal of QualitativeMethods 5,

80–92. doi:10.1177/160940690600500107

Fitzgerald, G., Saunders, L., and Wilkinson, R. (1994). ‘Doing good, doing

harm: public perceptions and issues in the biological control of possums

and rabbits’. (MAF Policy and Landcare Research: Lincoln, NZ.)

Fitzgerald, G., Saunders L., and Wilkinson, R. (1996a). Public attitudes to

the biological control of rabbits inNewZealand –MAFPolicyTechnical

Paper 96/3. Ministry of Agriculture, Wellington, NZ.

Fitzgerald, G., Saunders, L., and Wilkinson, R. (1996b). Public perceptions

and issues in the present and future management of possums – MAF

Policy Technical Paper 96/4. Ministry of Agriculture, Wellington, NZ.

Fitzgerald, G., Wilkinson, R., and Saunders, L. (2000). Public perceptions

and issues in possum control. In ‘The brushtail possum: biology, impact

and management of an introduce marsupial’. (Ed. T. L. Montague)

pp. 187–197. (Manaaki Whenua Press: Lincoln, NZ.)

Fitzgerald, G., FitzgeraldN., andWilkinson, R. (2002). ‘Social acceptability

of stoats and stoat control methods: focus group findings’. (Department

of Conservation: Wellington, NZ.)

Fitzgerald, G., FitzgeraldN., andWilkinson, R. (2005). ‘Social acceptability

of stoats and stoat control methods: a survey of the NewZealand public’.

(Department of Conservation: Wellington, NZ.)

Fraser,W. (2001). ‘Introduced wildlife in NewZealand: A survey of general

public views’. (Manaaki Whenua Press: Lincoln, NZ.)

Gamble, J. C., Payne, T., and Small, B. (2010). InterviewswithNewZealand

community stakeholders regarding acceptability of potential pest eradi-

cation technologies. New Zealand Journal of Crop and Horticultural

Science 38, 57–68. doi:10.1080/01140671003767842

Gemmell, N. J., Jalilzadeh, A., Didham, R. K., Soboleva, T., and Tompkins,

D. M. (2013). The Trojan female technique: a novel, effective and

humane approach for pest population control. Proceedings of the Royal

Society. B 280, 20132549. doi:10.1098/RSPB.2013.2549

Gluckman, P. (2016). New technologies and social consensus. In ‘17th

International Biotechnology Symposium, Melbourne, 24–26 October’.

Available at https://www.pmcsa.org.nz/wp-content/uploads/Discus-

sion-of-Social-Licence.pdf [Verified 16 May 2019].

Green, W., and Rohan, M. (2012). Opposition to aerial 1080 poisoning

for control of invasive mammals in New Zealand: risk perceptions

and agency responses. Journal of the Royal Society of New Zealand

42, 185–213. doi:10.1080/03036758.2011.556130

Grimes, M. (2017). Procedural fairness and political trust. In ‘Handbook on

political trust’. (Eds S. Zmerli and T. Van der Meer.) p. 256. (Edward

Elgar: Cheltenham, UK.)

Hagendijk, R., and Irwin, A. (2006). Public deliberation and governance:

engagingwith science and technology in contemporary Europe.Minerva

44, 167–184. doi:10.1007/S11024-006-0012-X

Harvey-Samuel, T., Ant, T., and Alphey, L. (2017). Towards the genetic

control of invasive species. Biological Invasions 19, 1683–1703.

doi:10.1007/S10530-017-1384-6

Hipkins, R., Stockwell, W., Bolstad, R., and Baker, R. (2002). Common-

sense, trust and science: how patterns of beliefs and attitudes to science

Attitudes on technologies to manage invasive pests Pacific Conservation Biology 43

http://dx.doi.org/10.1111/NZG.12083
http://dx.doi.org/10.1191/1478088706QP063OA
http://dx.doi.org/10.1191/1478088706QP063OA
http://dx.doi.org/10.1007/S11948-016-9782-1
http://dx.doi.org/10.1007/S11948-016-9782-1
http://dx.doi.org/10.1177/0963662516678351
http://dx.doi.org/10.1038/NRG.2015.34
http://dx.doi.org/10.1016/J.TREE.2005.01.003
http://dx.doi.org/10.1016/J.TIBTECH.2016.06.009
http://dx.doi.org/10.1016/J.TIBTECH.2016.06.009
http://dx.doi.org/10.1080/14636770802326950
http://dx.doi.org/10.1080/14636770802326950
http://dx.doi.org/10.1890/070151
http://dx.doi.org/10.1002/FEE.1471
http://dx.doi.org/10.1080/14615517.2014.927108
https://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=12081256
https://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=12081256
https://www.nzherald.co.nz/nz/news/article.cfm?c_id=1&objectid=12081256
http://dx.doi.org/10.1080/03036758.2017.1385030
http://dx.doi.org/10.1080/03036758.2016.1186702
http://dx.doi.org/10.1080/10888705.2011.527604
http://dx.doi.org/10.1080/10888705.2013.799414
http://dx.doi.org/10.1080/10888705.2013.799414
http://dx.doi.org/10.1177/160940690600500107
http://dx.doi.org/10.1080/01140671003767842
http://dx.doi.org/10.1098/RSPB.2013.2549
https://www.pmcsa.org.nz/wp-content/uploads/Discussion-of-Social-Licence.pdf
https://www.pmcsa.org.nz/wp-content/uploads/Discussion-of-Social-Licence.pdf
http://dx.doi.org/10.1080/03036758.2011.556130
http://dx.doi.org/10.1007/S11024-006-0012-X
http://dx.doi.org/10.1007/S10530-017-1384-6


pose challenges for effective communication. Ministry of Research,

Science and Technology, Wellington, New Zealand.

Horn, C., andKilvington,M. (2002). ‘Maori and 1080.’ (LandcareResearch:

Auckland, NZ.)

Kannemeyer, R. L. (2013). Public attitudes to pest control and aerial 1080

use in the Coromandel. University of Auckland.

Kannemeyer, R. L. (2017). A systematic literature review of attitudes to pest

controlmethods inNewZealand. (ManaakiWhenuaLandcareResearch:

Linconln, NZ.)

Kruger, R. A. (1994). ‘Focus group: practical guide for applied research.’

(Sage Publicaitons: Thousand Oaks, CA, USA.)

Ledford, H. (2015). CRISPR, the disruptor. Nature 522, 20. doi:10.1038/

522020A

Lester, P., Beggs, J., Brown, R., Edwards, E., Groenteman, R., Toft, R.,

Twidle, A., and Ward, D. (2013). The outlook for control of New

Zealand’s most abundant, widespread and damaging invertebrate pests:

social wasps. New Zealand Science Review 70, 56–62.

Macnaghten, P. (2017). Focus groups as anticipatory methodology: a

contribution from science and technology studies towards socially

resilient governance. In ‘A new era in focus group research’.

(Eds R. S. Barbour, and D. L. Morgan.) pp. 343–363. (Springer: Berlin.)

Malpass, L. (2013). Rule of law or social licence to operate? Available

at: https://nzinitiative.org.nz/reports-and-media/opinion/rule-of-law-or-

social-licence-to-operate/ [accessed 15 October 2018].

McEntee, M. (2007). Participation and communication approaches that

influence public and media response to scientific risk: a comparative

study of two biosecurity events in New Zealand. The International

Journal of Interdisciplinary Social Science 2, 195203.

Mercer-Mapstone, L., Rifkin, W., Moffat, K., and Louis, W. (2017). Con-

ceptualising the role of dialogue in social licence to operate. Resources

Policy 54, 137–146. doi:10.1016/J.RESOURPOL.2017.09.007

Mercier, O. R., King Hunt, A., and Lester, P. (2019). Novel biotechnologies
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