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Managing pest vertebrate species in Australia is a significant challenge for government,

industry, research sectors and land-managers. Innovative tools such as genetic

biocontrol offers decision-makers a potentially effective means of reducing the impact of

pest species incursions. To determine the conditions for investment in genetic biocontrol,

we applied qualitative engagement methodologies to identify and integrate existing

knowledge of pest species research and management in Australia. Two facilitated

workshops were held to determine key topics related to genetic biocontrol technologies

for selected pest species. The topics explored during workshop discussions included:

identifying existing knowledge gaps; risk perceptions; social and ethical considerations

and; industry and business considerations. The workshops’ aim was to assess the

potential, the priorities and the risk parameters among expert stakeholders and

decision-makers for using genetic biocontrol approaches to reduce the impacts of key

pest species in Australia. This paper reports on the design, process and outcomes

of each workshop to inform the creation of a decision framework. Stakeholders were

cautiously optimistic of pursuing continued research and development for vertebrate

pest management in Australia. However, employing an appropriate, transparent process

for incorporating diverse stakeholder perspectives on genetic biocontrol technologies

is essential to ensure their development and use remains supported. This outcome will

require meaningful investment in both social science investigations and well-considered

engagement processes concurrent with biotechnology development globally.

Keywords: genetic biocontrol, gene drive, vertebrate pests, stakeholder engagement, social acceptability,

decision framework

INTRODUCTION

Established vertebrate pests are a significant social, economic and environmental burden for
Australia (Pimentel, 2002; Bradshaw et al., 2021). Invasive species incursions can affect agricultural
productivity, access to export markets, public health, and the conservation of biodiversity, natural
and built environments (Hart and Bomford, 2006). Incursions cost Australia’s primary producers
in excess of AUD$700 million per annum and are the primary force driving the decimation of
Australia’s unique fauna and flora (Kearney et al., 2019). These cumulative effects can lead to
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increased production costs, loss or restrictions to export trade,
reduced tourism, loss of biodiversity, greater public health costs
and reduced public amenity (McLeod, 2016).

Depending on the species, location and extent of an incursion,
a combination of techniques is typically required to achieve
sustained control of vertebrate pests at levels acceptable to
management. There are five main classes of techniques for
pest animal control currently available in Australia, including
removal (poisoning, shooting, trapping, mustering), habitat
alteration (warren ripping, removal of harbor), alteration of
land management practices, exclusion fencing and fertility and
biological control (Braysher, 2017). Funding for control efforts
primarily comes from private landholders (e.g., farmers), state
and federal governments, and non-government organizations
(NGOs). Much of this effort is considered reactive to existing
pest problems and does not necessarily prevent or manage
new incursions (Doherty et al., 2016; Epanchill-Niell, 2017).
Developing control tools and methods that deliver improved
welfare outcomes for both target and non-target animals is also
an important consideration in pest management (Littin et al.,
2014; Mankad et al., 2019; Hampton et al., 2020).

Refinement of existing practices and development of new
control strategies are required to add depth to the management
toolbox. Rapid advancements are now being made to develop
technologies to control invasive species and their impacts
genetically (Teem et al., 2020). Compared to conventional
management methods, genetic biocontrol technologies (GBTs
herein) potentially offer numerous advantages including
improved target specificity, increased efficiency, and better
animal welfare outcomes (Campbell et al., 2015; TARC X, 2016).

However, investment in GBTs raises multiple and
interconnected social, ecological and political considerations
(Brown et al., 2018; Rudenko et al., 2018). Investment decisions
need to be made in consideration of localized problem
articulation, environmental and ecological implications of
control, and associated innovation risks (Hartley et al., 2016).
Real and predicted economic impacts, sociocultural connections
and implications for a particular species and its control, as
well as more formal regulatory requirements, are also equally
important factors to consider (Clark et al., 2020). Finally,
investment in GBTs must also consider the counterfactual, such
as triple-bottom line impacts associated with inaction, and the
risks that longer-term inaction presents.

While proof of concept for GBTs such as gene drive for
vertebrates is being realized, early engagement with a diverse
range of stakeholders is considered key to a responsible research
agenda [Hartley et al., 2016; National Academy of Sciences
Engineering Medicine (NASEM), 2016]. To understand multiple
perspectives of GBTs and provide a basis for consideration of a
framework to progress development of these technologies, the
authors undertook targeted consultation with key Australian
stakeholders. The work builds on previous research that
identified key knowledge gaps in using gene drives for invasive
species control (Moro et al., 2018) as well as the need for
innovative approaches and the challenges this technology brings
(Legros et al., 2021). The investment decision framework
presented here extends this scholarship to consider the multiple

political, social and institutional considerations key to decision-
making about using GBTs for pest species management.

Recent research has highlighted divergent views among
experts involved in gene drive research, especially in relation
to engagement, decision-making and ethical acceptability (de
Graeff et al., 2021a,b). Generating multistakeholder buy-in has
previously been considered a critical component of successful
stakeholder engagement, as well as knowledge translation and
improved research impact (Shackleton et al., 2019; Carter, 2020).
These considerations drove both the design and the conduct of
each workshop and informed the development of an investment
decision framework which articulates the broader institutional
environment for GBT investment in Australia.

The aim of this paper is to reflect on a process of
multistakeholder engagement for the development and
identification of conditions for investment in GBTs for vertebrate
pests. We report on the outcomes of two research workshops
which brought together mostly Australian1 industry, civil society,
government and research stakeholders to discuss the conditions
under which decisions about investment in GBTs could be
made. The workshops were held to trigger dialogue among
key stakeholders with the intention of building understanding
and providing opportunities for future collaboration and
consensus-building. We anticipate these insights will assist with
multistakeholder discussions in other countries with similar
challenges, providing the relevant principles to pursue similar
forums for collaboration.

We begin the paper with a brief introduction to the
technological, regulatory and social factors relevant to
considering genetic biocontrol as an investment option
before presenting the Investment Decision Framework. A
detailed explanation of methods follows along with a discussion
of results and implications for future science planning and
policy development.

GENETIC BIOCONTROL AS AN
INVESTMENT OPTION

Technological and Environmental Factors
GBTs use genome editing methods such as CRISPR/Cas9 to
disrupt normal reproduction or development in a heritable way
to achieve population control of pest species (McFarlane et al.,
2018; Teem et al., 2020). The development and application of
GBTs is complex, may not be appropriate for all species, and
may take many years to reach a level of readiness suitable for
deployment. For each pest species, there are multiple knowledge
gaps that will need to be addressed before genetic biocontrol
options are able to be realized (Moro et al., 2018).

Unlike most toxin-based methods which may often impact
non-target species, including humans, most proposed GBTs rely
on sexual reproduction for transmission, thereby maximizing
target specificity. Additionally, many GBT applications
such as synthetic homing gene drives are self-propagating,
which minimizes resources and effort required for sustained
deployment and management compared to conventional

1One participant from New Zealand joined Workshop 1.
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controls or existing genetic biocontrols like sterile insect
technique (Knipple, 2013). Such efficiencies are particularly
important for use over large geographic areas or remote sites
where repeated management actions can be difficult or cost
prohibitive. Moreover, some proposed technologies include self-
terminating mechanisms which degrade over a predetermined
time interval, thereby limiting spread to non-target populations
and preventing the accumulation of modified genetic material in
the environment or bioaccumulation within food webs (Prowse
et al., 2017). Finally, GBT methods which achieve population
suppression via skewing of sex ratios or embryo viability
are arguably more humane than poisons or pathogen-based
biocontrols (Leitschuh et al., 2018).

Despite the prospective benefits, the application of GBTs
to control invasive species may carry both environmental and
technical risks that will need to be identified and managed on a
case-by-case basis (Oye et al., 2014; Hayes et al., 2018). Where
successful application of a GBT leads to large-scale control of
an invasive species, careful consideration needs to be given to
undesirable ecological outcomes (reviewed in Kopf et al., 2017).
These may include, but are not limited to, increased predation
pressure on already vulnerable native species from other invasive
species (meso-predator release, e.g., Molsher et al., 2017); adverse
changes to abiotic factors (e.g., water quality) and other negative
food-web outcomes (e.g., loss of prey for a native predator)
(Courchamp et al., 2003). From a technical perspective, the
very self-propagating characteristic that provides such efficiencies
to some GBTs (e.g., homing gene drive) presents a risk of
unmitigated spread beyond the target pest population should
the genome-edited animals interbreed with individuals in non-
target populations (Webber et al., 2015). There is also a risk of
populations spontaneously evolving resistance to GBT elements,
thus rendering the control mechanism ineffective (Unckless
et al., 2017). Additionally, most proposals require the release
of significant numbers of genetically-modified pest animals to
effectively spread the GBT elements, thereby creating a local
risk of additional direct damage due to increased pest numbers
(David et al., 2013).

Regulatory and Governance Factors
With regulators anticipating successful development and
release of GBT within 5–20 years, discussions on the extent
to which existing national and international regulations will
be fit-for-purpose are occurring despite the absence of any
‘field-ready’ GBTs (e.g., Emerson et al., 2017; Kuzma et al., 2018;
Rudenko et al., 2018; Royal Society Te Apãrangi, 2019; European
Commission, https://ec.europa.eu/food/plants/genetically-
modified-organisms/gmo-legislation_en). In Australia,
under the Gene Technology Act (2000), the National Gene
Technology Scheme (NGTS) sets out the understanding between
Commonwealth, state and territory governments regarding the
establishment of a nationally consistent regulatory system for
gene technology. The Gene Technology Act (2000) requires
consideration of risks to the health and safety of humans and the
environment, however there are no specific provisions under this
act for consideration of threats and benefits to the economy (e.g.,
primary industries) from the application of GBTs. In parallel

to the NGTS, the Intergovernmental Agreement on Biosecurity
(IGAB), is a key agreement signed by all Australian jurisdictions
outlining national biosecurity goals and objectives and clarifying
roles, responsibilities and governance arrangements. Australia’s
National Biosecurity Committee (NBC) was formally established
under the IGAB and is responsible for managing a national,
strategic approach to plant and animal biosecurity threats
to agricultural, environmental and societal assets. Currently
there is no expertise on the committee to direct research and
development into GBTs for vertebrate pests in Australia.

Beyond the formal regulatory structures and assessments
GBTs must satisfy, there is a myriad of broader governance
considerations relevant to their development and use. These
include consideration of their social, ethical and cultural
implications (Kuzma and Rawls, 2016; Emerson et al.,
2017), whether GBTs contribute to a shared public good
(Santos, 2020), and whether the science generated by research
communities generate institutional reflexivity and change
(Macnaughten and Chilvers, 2014). That is, whether learnings
from stakeholder engagement are adopted by organizations
investing in the research. As such, governance frameworks
for GBTs, i.e., processes for establishing clear, transparent
communication, inclusiveness and equity among all stakeholders
and publics, require further attention and development by
involved jurisdictions.

Social and Institutional Factors
In the past 5 years, there has been a significant increase in the
exploration of the social and institutional factors influencing
research and development of GBTs. Public attitudes toward novel
genetic tools using synthetic biology (c.f., Mankad et al., 2019;
Synthetic Biology Future Science Platform, 2020) and the broader
normative questions raised by public participation in science in
the context of gene drives (c.f. Thizy et al., 2019; Ledingham and
Hartley, 2021) are examples of these efforts.

Much of the empirical work in Australia and New Zealand
has focused on public acceptability, perceived risks of genetic
interventions and affect-driven decision-making (cf. MacDonald
et al., 2020; Mankad et al., 2020; Carter et al., 2021). In the
Australian invasive species context, the Australian public is
moderately to strongly aware of the negative impact pest species
have on our landscapes, and conditionally willing to consider
novel technologies to manage the problem (Mankad et al.,
2019). This research also shows that while a stated intention to
support the development of novel approaches for pest control
is moderately strong, it does vary depending on existing social
and cultural values linkages between communities and the species
in question (Mankad et al., 2019). This is likely to be even
more important if the pest species is native. Thus, any genetic
biocontrol designed to manage pests must consider the full
context within which that pest currently exists.

Public opinion of novel genetic biocontrol is often cited
as a key driving factor in high-level decision making for
investment in genetic biocontrol (Brossard et al., 2019).
However, to date, there has been relatively less engagement
with local land managers whose perspectives could provide a
useful complement to the engagement narrative around genetic
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biocontrol, and who could highlight more business-oriented
criteria for decision-making and support in relation to genetic
biocontrol technologies (Kofler et al., 2018; Kuzma et al.,
2018). To date, policy and industry stakeholder perspectives
are largely missing from genetic biocontrol conversations in
Australia. Presently, it is not clear how investment decisions
are made amongst these key stakeholders or what priorities
they may value when evaluating an investment business case for
genetic biocontrol.

The Investment Decision Framework
A cross-jurisdictional, multidisciplinary team led by CSIRO
designed two workshops in 2020, each event aiming to
bring together expert knowledge across research, policy, and
industry sectors. The workshops were designed to inform
two key research questions: What are the current priorities
in managing the impact of pest species for key Australian
research, industry and government stakeholders? What factors
influence investment in genetic biocontrol options for Australian
stakeholder organizations?

The research took a cross-disciplinary approach to framing
the issue of genetic biocontrol. In addition to discussion
of the technical feasibility of GBTs, the workshops were
designed to capture the social and institutional aspects
of decision-making for investment in GBTs. We applied
qualitative methods in the form of face-to-face group
discussions, online interactions and a short survey to
reveal the conditions for investment in GBT among key
Australian stakeholders. Our findings identify the criteria

that are valued by a cross-section of diverse Australian
organizational stakeholders when considering the case for
investment in GBTs.

The framework presented in Figure 1 below emerged from
analysis of workshop discussions. The framework informs
investor decision-making by articulating the range of drivers (i.e.,
conditions) for investment in GBTs for Australian government,
industry and research stakeholders. While “investment” typically
refers to the provision of funding, the project applied a
broader definition of investment in GBTs to include: partnering,
networking and advocacy; strengthening governance pathways
and; the brokering of knowledge and partnerships. A broader
interpretation of investment is important when considering the
diversity of capacities, resources and interests a diverse range
of organizations can contribute to invasive species research and
management (Shackleton et al., 2019).

The Investment Decision Framework (Figure 1) represents
collated findings from both workshops and highlights antecedent
factors influencing the current investment and management
environment (e.g., diverse investment drivers and competing
priorities); the conditions for investment in genetic biocontrol
technologies (e.g., established safety and efficacy); and the
enabling conditions for investment in genetic biocontrol (e.g.,
alignment with funding, program and political priorities).
Interestingly, the four conditions identified by workshop
participants as essential for investment in genetic biocontrol
are also those identified as key to effective and responsible
science development globally [National Academy of Sciences
Engineering Medicine (NASEM), 2016; Teem et al., 2020].

FIGURE 1 | Investment decision framework for genetic biocontrol of vertebrate pests in Australia, with conditions for investment highlighted in orange.
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The conditions for investment cluster incorporates four key
themes revealed by workshop participants as essential for
investment in GBTs and include clear drivers for technology
development, and public and stakeholder engagement. The
investment and management environment cluster denotes the
multiple, interrelated and at times complex factors that influence
institutional decision-making in relation to GBTs. Enabling
factors convey the considerations identified by participants as
favorable to investment in GBTs.

WORKSHOP DESIGN

The Investment Decision Framework was created from the
outputs of two Australian stakeholder workshops—the key
details of which are summarized in Table 1 below. Workshop
1 (W1 herein) was held face-to-face in Canberra, Australia
while workshop 2 (W2 herein) was convened online due to
evolving circumstances in relation to the COVID-19 pandemic.
Each workshop invited participants from a cross-section of
representative stakeholder organizations including industry,
research, civil society and government. Each workshop had
distinct but interrelated objectives and was designed to determine
the knowledge sets identified as a requirement to technology
deployment (W1) and the institutional context and drivers key

TABLE 1 | Synopsis of workshop participants, methods and objectives.

Workshop 1: Pest priorities and their technical, business, ecological

and social risks

Objective: Identify priorities and impacts in managing pest species for key

Australian research, industry and government stakeholders

Invited participants Methods (Face-to-face)

Science and industry professionals from

a range of backgrounds including

government, civil society and industry

identified as having a direct interest in

the genetic biocontrol of vertebrate

pests.

54 participants invited; 34 attended

Construction of stakeholder matrix

Pre-workshop pilot survey

Scene-setting presentations

Face-to-face group exercises

and discussions

Workshop 2: Institutional decision-making and investment in genetic

biocontrol

Objective: Understand the institutional drivers, conditions and enablers of

investment in genetic biocontrol for key Australian stakeholders

Invited participants Methods (Online)

Government, civil society and industry

decision-makers identified as having

knowledge of organizational

decision-making processes and a

broad understanding of the pest

species context.

34 participants invited; 15 attended in

one of two online sessions offering

flexibility for participants to join under

COVID-19 disruptions to

working schedules

Construction of stakeholder matrix

Thematic synopsis from Workshop 1;

research updates

Online group exercises and discussions

to the successful adoption of genetic biocontrol interventions
in Australia (W2). Both workshops were designed by the
authorship team in consultation with an independent facilitator
(PiqueGlobal) who also led the proceedings for each workshop.
The outcomes of both workshops informed the creation of the
Decision Framework (Figure 1).

The employment of an independent facilitator allowed the
team to focus on facilitating small group work and capturing
the key themes of discussions. Independent facilitation for
plenary sessions also ensured that the project team leading the
consultation maintained some distance from proceedings and
reduced the potential for influencing the direction of discussions
and subsequent outcomes. Table 1 describes the objectives of
each workshop, along with the methods used to collect data to
construct the Investment Decision Framework.

W1 attendees participated in a full day workshop to identify
current pest priorities and their impacts along with the risks of
using GBTs to manage incursions. A range of group exercises
(detailed below) were used to elicit expert knowledge. W2
consisted of one 2.5-h online meeting, offered across two
alternative timeslots (morning or afternoon). The focus of
discussion for W2 was designed to uncover the institutional
decision-making ecosystem including the range of factors and
drivers that influence how, why and when decisions are made
about invasive species research and development. In addition, the
W2 set out to identify the enablers and disablers for organizations
to invest in genetic biocontrol options.

METHODS

Development of a Stakeholder Matrix
The project applied a phased, adaptive approach to stakeholder
engagement beginning with the construction of a structured
stakeholder matrix. The matrix was developed by the project
team, who themselves represented multiple disciplinary
backgrounds including ecology, genetics and social science. The
matrix was created prior to W1 and was subsequently adapted to
meet the objectives of W2.

The research objective forW1was to identify a comprehensive
spectrum of drivers, risks and impacts of pest incursions. The
team was guided by the approaches of Urquhart et al. (2017)
and others (Thresher and Kuris, 2004; Kirk et al., 2020) who
previously elicited expert opinion in a range of complex and
contested biosecurity contexts. In creating a targeted stakeholder
matrix, the team was especially careful to distinguish among
the roles and expertise of a broad range of stakeholders,
including identifying existing links between stakeholders and
their institutional capacity to influence biosecurity outcomes
more broadly (c.f. Urquhart et al., 2017). Moon and Blackman
(2015) and others, have found scientists and policy makers hold
different views on the role of scientific evidence where scientists
often consider evidence to be the primary driver of policy-making
while policymakers have a broader view of the role of science
as one component of a larger pool of considerations and most
relevant to monitoring outcomes.

The matrix intended to systematically capture multiple
institutional scales and knowledge types considered essential in
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biosecurity governance (Reed and Curzon, 2015). It included
representation at organizational and individual levels; coverage
across jurisdictional and geographic scales; coverage across a
range of knowledge sectors including government, research and
civil society; inclusion of representatives with diverse interests
and; gender and age diversity.

Among the criteria applied, equal representation of
various knowledge domains was considered essential for
the development of a balanced list. Care was taken not to “stack”
expert knowledge from a single domain. The research team
had a genuine intention to include Indigenous contribution
to both workshops; however, we were unable to build the
necessary relationships required in the timeframe available to
complete the project. A concrete plan for inclusion of Indigenous
knowledge in future science planning is required for future
engagement initiatives.

Adapted to fit the scope of each workshop, the matrix evolved
over time and remained dynamic to availability of attendees. At
the time of matrix development and workshop design, rapidly
changing local circumstances, including bushfire emergencies
and the COVID-19 pandemic, required agility in planning. After
initially generating a long list of potential invitees, a short list of
potential participants was selected and endorsed by the project’s
steering committee.

For W2, a revised matrix was generated to reflect our
purpose to understand the broader institutional decision-making
environment and the conditions under which government,
industry and civil society might invest in genetic biocontrol.
In this instance, multisectoral decision-makers were the target
of consultation.

Pre-workshop Survey
Prior to W1, the team piloted a short open-ended survey to: (1)
elicit expert opinion using well-defined constructs (2) inform the
workshop design and; (3) “prime” participants to the topics for
discussion in W1. The results of the survey were fed back to
participants prior to the workshop and communicated in a W1
plenary session.

Stakeholders invited to take part in the pilot survey were
a systematic random subsample of the total stakeholder pool
(n = 20). Individuals were selected based on a mix of
personal and organizational expertise and stakeholder location,
to ensure a diversity of views were represented. A total of seven
people responded to the email invitation (35% response rate)
and completed the survey. The survey instrument consisted
of six open-ended questions, designed to elicit responses on
participants’ priority pests, perceived risks and benefits of using
genetic biocontrol for pest control, and key criteria that might
be used to determine support or investment in research and
development. The survey also asked participants to reflect on
their personal views toward the use of genetic biocontrol for pest
control. A final question invited participants to reflect on their
personal expectations for the workshop and what they hoped to
discuss during sessions.

The data collected from the pre-workshop survey was used
to tailor W1 such that it reflected an articulation of the sampled
workshop attendees, while acknowledging that those preferences

expressed by the subsample may not reflect the broader needs of
all workshop participants.

Scene-Setting Presentations
A series of short informative scene-setting presentations were
offered to attendees to orient attention to key topics for
discussion in W1. The presentations were delivered by members
of the project team as experts in various aspects of gene
drive research and implementation. Topics covered high-level
considerations in pest ecology, genetic control of vertebrate
invasive species, regulation challenges, and social attitudes
toward genetic technologies.

In W2, the online environment and a smaller group setting
allowed for more informal orientation to workshop themes. For
online sessions, one project team member updated the group
on recent research advances and communicated the outcomes
of W1.

Construction of Pre-defined Scenarios
A total of seven (7) pest species scenarios were developed prior
to W1, informed by the pre-workshop survey. These scenarios
served to focus discussion on individual species’ contexts,
harnessing specific expertise and participants’ individual
interests. Short descriptive narratives outlining the “invasive
species problem” in relation to key biological, ecological and
economic cost considerations to environment and industry
were created. The species for which scenarios were developed
included: carp (Cyprinus carpio), feral pigs (Sus scrofa), cane
toads (Rhinella marina), foxes (Vulpes vulpes), rodents (Rattus
rattus, Mus musculus), feral cats (Felis catus), rabbits (Oryctolagus
cuniculus) and invasive pest birds. Box 1 below illustrates the
pre-defined scenario developed for rodents.

Group Exercises
Risk Identification Against Social, Technical and

Commercial Criteria
Participants were divided into six small groups to identify the
social, technical, and business/commercial risks, hurdles, and
pain points under the assumption that gene drive technology
was already available for deployment. Exploration of the risks
and benefits of genetic biocontrol was undertaken using group
rotations to elicit participants’ responses to key questions. In the
first rotation, groups were asked to identify a range of pain-
points, hurdles and risks relating to either the social, technical
or commercial aspects of genetic biocontrol options. A second
rotation built on the work of previous groups. A third rotation
identified factors to mitigate the key risks identified. Each of
the six groups were asked to present mitigation strategies to
overcome the hurdles identified to the broader group. Table 2
in Results shows the range of factors identified across social,
commercial and technical categories.

Completion of Pre-defined Scenarios
Participants were invited to self-select into one of seven
pest species discussion groups. For each scenario, a narrative
describing the invasive species context was presented before a
series of questions were asked of group participants to consider.
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BOX 1 | One of seven pre-de�ned species-speci�c scenarios developed to gather insights from participating experts.

• Small omnivorous mammals with high rates of population increase and turnover.

• Can start breeding at three months of age.

• Gestation period of 21 days and litter sizes of up to 12 pups.

• Can mate the same day as giving birth –> can lead to multiple litters in a good season??

• Average field lifespan < 1 year.

Plagues of house mice (>1,000 mice/ha) cause enormous economic and social stress to rural communities in Australia. The mouse plague in 1993/94 caused about

US$60 million in damage to crops, intensive livestock industries, and rural communities. In 1999, over 500,000 ha of cropping land was baited with zinc phosphide

for mouse control.

The house mouse and the black rat are identified as key threatening processes under New South Wales and Australian environmental legislation, for their role in the

extinction of at least 20 species of birds, invertebrates and plants on Lord Howe Island. Introductions of rats on islands have caused ecosystems to breakdown,

especially on islands where species have evolved in the absence of mammalian predators. Rats disrupt ecosystem function through predation of animals and plants,

which in turn can cause interruption of pollination, nutrient pathways, and seed predation, in some cases leading to forest collapse.

Genetic biocontrol approaches aimed at biasing the sex ratio of rodent populations have been suggested as part of possible eradication of feral rodents from

islands. House mice, being the model laboratory animal, are currently being used to test genetic editing techniques though it has not yet been successful in the

mammalian model.

For each species, participants were asked to discuss the following
questions and document group responses.What do you think are
the key challenges when considering a potential genetic biocontrol
approach for [rodent] in Australia? How might we overcome
these key challenges? How might we deploy genetic technologies to
assist [rodent] management? How might we fund the research and
development required to advance genetic technologies for [rodent]
management? If genetic biocontrol or other ground-breaking
strategies were not implemented to control [rodents], what would
happen if we continued to rely on current control methods? What
are the biggest questions or gaps that need addressing to advance a
genetic control approach for this pest?

Pest Prioritization
A final activity in W1 was a pest prioritization exercise
which asked participants to prioritize two individual species
for the application of GBT according to multiple criteria
including: ecological imperatives; strength of business case;
technological development and; social acceptance. The
plenary exercise provided both workshop attendees and the
project team with insights into the perceived challenges
for stakeholders in communicating and investing in GBTs
against priority species. The activity used an online voting
facility (Zeetings Pty Ltd.) for participants to register
their anonymous responses which were relayed to the
group in real-time. Figure 2 in Results shows the results of
this exercise.

Decision-Making Factors for Investing in Genetic

Biocontrol Options
The primary rationale for understanding the institutional
decision-making environment was to identify the full set of
factors that influence conditions for investment in GBTs.
We refer to conditions as the circumstances, impediments
and enablers that facilitate decision-making in this context.
Participants were divided into small groups to identify (1) the
“push factors” (those factors that are likely to push stakeholders
toward investment in GBTs); (2) the “pull factors” (those factors
that are likely to “pull” stakeholders away from investment in
GBTs and finally; “dealbreakers” (those factors that would be
considered unacceptable and likely to derail investment efforts).
Table 3 in the Results section identifies the range of influential
factors identified by participants for investment in GBTs.

RESULTS

Pest Priorities and their Technical,
Business, Ecological and Social Risks
Participant responses to the pre-workshop survey revealed the
top three priority pests requiring management in Australia
to be rabbits, cats and foxes, respectively. When asked to
further consider which priority pests in Australia might be most
efficacious for genetic biocontrol, participants mostly mentioned
rodents and rabbits. The commonly cited reasons for why these
particular pests might be most receptive to a genetic control
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option included: species impact, fecundity, existing knowledge
about species’ biology, and laboratory/controlled trialability.

Table 2 below outlines the range of technical, social and
commercial hurdles revealed by W1 participants to overcome
prior to the release of GBTs. Six small groups participated in
this exercise across two rotations in W1. Each group’s report
back was audio-recorded and a thematic summary conducted.
Two prominent themes were identified from this exercise. The
first, was that resourcing is needed to monitor and evaluate
field experience upon release of any genetic control options.
The second theme to emerge was the need for coordinated
governance to ensure responsible science was conducted and
any releases managed appropriately. Unsurprisingly, these
themes captured the broad spectrum of political, social and
technical categories. In addition, there was some cross-over
among the challenges identified where mitigation strategies

identified were at times a combination of social, technical or
regulatory solutions.

In relation to the application of GBTs against priority species,
data were summed in Excel for each of the four criteria tested (i.e.,
ecological, social, technological and business), for each species.
Figure 2 shows the sum of all selections for each species. The
five top ranked species for consideration were rodents, rabbits,
carp, cane toads and cats. The number of selections for each issue
were: ecological imperative n = 64, social acceptance n = 64,
technological development n = 59, and strength of business case
n= 61.

Rodents received the most selections (sum = 73) with most
selections for technological development (n = 26) and business
case (n = 22). Second ranked were rabbits (n = 55) with most
selections for business case (n= 24) and ecological imperative (n
= 18). Third was carp (n = 51) with most selections for social

TABLE 2 | Identified commercial, social and technical hurdles to overcome before genetic control options could be implemented.

Rotation 1 Rotation 2

Technical and scientific

hurdles, risks and pain

points

Increased resources. For example, the housing and

production of large numbers of animals with genetic

constructs.

Measuring efficiency and efficacy of gene drives in

the field.

Demonstrating gene drive works in mice, that it’s

contained, efficacious, specific and can be switched off.

Social and political hurdles,

risks and pain points

Skepticism about the technology being effective.

Lack of consensus on the use of GM vertebrates globally

Program derailment through political and social

opposition

Opposition resulting from misinformation

Business and commercial

hurdles, risks and pain

points

Maintaining commitment and resources from all

governments around Australia, probably internationally

also for gene drive.

An in-depth review of similar programs is needed to

understand the economic, technical and social barriers

to previous programs.

Cost recovery; legal risks to scientists in case of

off-target effects; managing costs and responsibilities of

monitoring.

Potential for current industries to lobby against this

technology; market access issues in the global context.

FIGURE 2 | Prioritization of pest species for focus of gene drive research across four dimensions of issues (ecological imperative, social acceptance, technological

development and business case). Workshop participants selected two species for each issue. Each bar represents the sum of selections by workshop participants for

each issue.
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acceptance (n = 16) and technological development (n = 16).
Fourth was cane toads (n = 41) with most selections for social
acceptance (n = 21) and technological development (n = 10).
The fifth ranked species was cats (n = 21) with most selections
for ecological imperative (n= 12). The remaining species of foxes
(n = 4), pigs (n = 3), birds (n = 0) and none (n = 0) had very
few selections.

The Institutional Decision-Making
Environment
Decision-makers invited to the online forums for W2 were
considered as knowledge holders of organizational decision-
making processes and held leadership positions in their
respective organizations. Group discussions were designed to
uncover the processes and drivers that influence how, when and
why decisions are made in relation to investment in GBT. Table 3
below captures the multiple pull and push factors identified
by Australian decision-makers as influential to decision-making
about GBTs.

Online discussions revealed that decisions about pest
management are made in complex and dynamic environments
(de Graeff et al., 2021a). In addition, decision-making
processes and their outcomes have multiple drivers and
can be unpredictable. While there exists appetite for considering
investing in GBTs among multiple sectors (government, industry
and NGOs), the conditions for investment remain significant
and as yet unmet. Established safety and efficacy, broad public
acceptability and clear drivers for development (as highlighted
in the Investment Framework in Figure 1) are among the key
conditions identified as essential to investment in GBTs.

When considering conditions for investment in new genetic
biocontrol technologies, established safety and efficacy was a
recurring theme among participant responses. In addition to

TABLE 3 | The range of factors that influence investment decision-making for key

government, industry and civil society stakeholders.

Investment decision-making environment

Push factors (toward

investment in

genetic biocontrol)

Proof of concept; species specificity
Established social license

Better than current methods; affordable

Realistic time frame

Demonstrable effectiveness, safety, conformity

Pull factors (away

from investment in

genetic biocontrol)

Effects on market access; international trade implications

Negative community perceptions

Loss of confidence in reliability and transparency of data

Flow-on ecosystem effects

International mistakes (herein)

Organized opposition

Uncertainty: who is investing; is it a national priority

Fragmented policy and regulatory framework

“Dealbreakers”

(factors that would

be considered

unacceptable and

likely to derail

investment efforts)

Trade insecurity or market blocks

Evidence that undermines stakeholder confidence

Impacts on charismatic species

Radical failure—environmental escape; ecosystem decline

conforming to existing safety regulations, workshop participants
raised concerns about potential unintended consequences of
genetic biocontrol technology deployment. These included
potential impacts on non-target species (especially charismatic
ones), or broadscale “escape” of genetic biocontrol technologies,
organisms, or elements beyond targeted populations. Such events
were considered to carry an added risk due to potential negative
effects on public confidence in genetic biocontrol technologies
which has the potential to threaten future viability of such
initiatives. Thus, safeguards (e.g., genetic, physical, ecological) to
ensure target specificity was a key condition for investment.

DISCUSSION AND IMPLICATIONS FOR
GENETIC BIOCONTROL IN AUSTRALIA
AND ELSEWHERE

There is much global interest in developing novel methods for
managing invasive pests, but most countries and governments
are unsure how to go about initiating research and development
in a responsible and inclusive way (Brown et al., 2018). The
Decision Investment Framework developed here (Figure 1) has
identified key considerations for Australian stakeholders for
investment in GBTs. The conditions identified by our Australian-
based workshops are not dissimilar to those identified elsewhere
(cf. Brown et al., 2018; Moro et al., 2018; de Graeff et al.,
2021a). These findings can inform other research consortiums
on the types of enablers and constraints for investing in GBTs
to manage current and future vertebrate pest incursions. The
framework also highlights remaining knowledge gaps for science,
including directions for continued social science investigation.
The inclusion of Traditional knowledge contribution also
requires further consideration.

In relation to developing a better understanding of public
engagement with science, there are multiple and inter-
related areas of scientific and professional enquiry possible.
These span social scientific enquiry (i.e., public attitudes and
perceptions of risk, drivers for technology acceptance and uptake,
bioethics, institutional arrangements) to understand the broader
context of the technology implementation environment; public
engagement (e.g., consulting with and working with the public
to listen and acknowledge concerns and provide feedback); and
science communication (e.g., providing information about new
technologies to keep the public informed). While these can
overlap, their intentions and goals require careful unpacking
(Moon and Blackman, 2015; Smith et al., 2021).

Given the many uncertainties relating to readiness and
acceptability of genetic biocontrol to date, public “acceptance”
itself may not be a prerequisite for researchers nor investors
wishing to pursue genetic biocontrol. Instead, pursuing
outcomes that more broadly reflect public tolerability
toward innovative solutions, or seeking to genuinely engage
affected groups in dialogue are more likely to build trusted
relationships with segments of society. Clarity about engagement
purpose and strategy is critical to a transparent process.
Employing the appropriate process for the expected outcome
is the most effective approach to incorporating stakeholder
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perspectives in complex scientific endeavors such as genetic
biocontrol technologies.

Genetic biocontrol technology solutions are complex to
understand and communicate and require substantive and
constructive discourse with communities likely affected. As such,
this paper strongly supports investment in both social science
investigation alongside biotechnology development, in addition
to well-considered engagement processes which include diverse
sections of society. Involvement of Traditional Owners, and
broader Aboriginal and Torres Strait Islander communities to
co-develop culturally acceptable plans for deployment is an
example of the depth of engagement required in responsible
science development.

Reflecting on the original research questions, the current
priorities for Australian stakeholders in managing the impact
of pest species are influenced by a range of interrelated and
at times competing drivers. Jurisdictional boundaries, diverse
and multi-layered governance structures and a commitment to
balancing the risks and benefits of management options are at
the forefront of decision-making for the stakeholders we engaged.
Rabbits, cats and foxes were identified as key priority species
for pest management in Australia, while rodents and rabbits
were considered ideal species candidates for genetic biocontrol.
The primary factors which are likely to influence Australian
stakeholder investment in GBTs include: established safety and
efficacy; social acceptability and robust drivers for development
and deployment of the technology.

While our exercise demonstrated a replicable methodological
approach for gathering diverse perspectives and identifying
priorities in different settings, the research conducted carried
one major limitation. The Investment Framework is skewed
by Western models of science which have historically largely
neglected Indigenous perspectives and knowledge, including
alternative assessments of risk (Taitingfong, 2020). As mentioned
earlier, our workshops did not explicitly engage Indigenous
and Traditional Owner perspectives in development of the
Framework. Future research should prioritize engagement with
Indigenous land managers and Traditional Owner groups to
gain a fuller understanding of the potential impact of GBTs on
heritage and cultural values held by Indigenous Australians and
more broadly on country and kinship. The funding and planning

of science often prioritizes expert knowledge of limited type,
especially in regard to social risk (Moon and Blackman, 2015).
Inclusion of alternate knowledge categories so that conclusions
about how risk at community level, for example, reflect reality, is
essential to informed decision-making in relation to GBTs.
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