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Abstract

Fears regarding the future of coral reefs are reflected in a growing scientific effort, world-
wide, to help corals survive and adapt to the impacts of climate change through new
management strategies. To be viable, these strategies must not only be ecologically ben-
eficial and technically feasible; they must be developed in partnership with Indigenous
peoples and sensitive to the needs and aspirations of local communities, stakeholders
and broader publics. This paper synthesizes insights from a comprehensive program of
qualitative and quantitative social research, conducted through Australia’s Reef Restora-
tion and Adaptation Program, exploring local community and public perspectives on the
Great Barrier Reef (GBR) and the prospect of assisted adaptation. While the results of
this research indicate strong support for prospective interventions to help the GBR, they
also demonstrate that local communities and the broader Australian public hold multiple
visions for the GBR’s future and engage in careful processes to imagine and evaluate as-
sisted adaptation. We discuss the implications of this complexity for the development of
technically robust and socially responsible adaptation intervention in the GBR, emphasiz-
ing the opportunities it presents for robust and inclusive dialogue, knowledge building,
and governance around these strategies. Community and public support, we conclude, is
contingent on moving beyond the seemingly straightforward question of whether or not
people support intervention and towards forms of engagement that allow space for social
and cultural diversity and the co-creation of ethically grounded adaptation pathways.

Keywords: assisted adaptation; climate change; community perceptions; coral reefs; Great
Barrier Reef; imagined futures; restoration; risk perceptions; social license

1. Introduction
Repeated global bleaching events and forecasts of continued decline in coral reefs as a

consequence of climate change have provoked widespread concern about the future of coral
reefs worldwide [1]. Amidst calls for a greater emphasis on resilience-based approaches
to coral reef management [2,3], there has been increased interest in novel scientific and
technological interventions to help corals resist, survive, recover from, and adapt to the
impacts of rising temperatures [4–6]. One such initiative, Australia’s Reef Restoration and
Adaptation Program (RRAP), is a multi-institutional research and development program
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aiming to develop safe, acceptable, and cost-effective strategies that can be deployed at scale
to help maintain the critical functions and values of the Great Barrier Reef (GBR), an iconic
coral reef ecology stretching 2300 km along the north-eastern coast of Australia [7,8]. These
comprise the following: (1) protective interventions, including marine cloud brightening
and seawater fogging, to reduce solar gain during heatwave events [9,10]; (2) restoration
interventions, including methods to stabilize reef substrates for enhanced coral growth,
promote recruitment of juvenile corals to degraded reefs, and improve the effectiveness
of coral aquaculture and outplanting [11–14]; and (3) adaptation interventions, such as
identifying corals with natural heat resilience traits, selective breeding for heat tolerance,
pre-conditioning juvenile corals to heat stress, and introducing heat-evolved strains of the
symbiotic algae on which corals rely for photosynthetic energy production [15–17].

The ultimate effectiveness of these strategies will depend on timely actions to re-
duce global greenhouse gas emissions and address other environmental pressures, such
as invasive species and land-based runoff [4]. Effectiveness will also depend on the
extent to which novel interventions are developed and deployed in ways that are sen-
sitive to the needs and expectations of Indigenous peoples, local communities and
broader publics [18–20].

To this end, RRAP’s Stakeholder and Traditional Owner Engagement Subprogram
(hereafter, the RRAP Engagement Subprogram) has worked with Reef Traditional Owners,
stakeholders and communities to build a robust understanding of community aspirations
for the Reef and to provide meaningful opportunities for involvement in the design and
implementation of RRAP strategies [19]. The importance of such engagement is reflected
in a substantial literature addressing techniques to effectively involve rightsholders, com-
munities and stakeholders, to embed their perspectives in environmental governance and
decision-making, and to co-create outcomes and negotiate ‘social license’ for project or pro-
gram implementation [21–25]. A subset of this literature highlights the unique challenges
of engagement with respect to ‘future-oriented’ [26,27] initiatives, such as ecosystem adap-
tation, which seek to develop and implement strategic actions in anticipation of predicted
change and escalating ecological precarity. Involving stakeholders and communities in de-
liberation and decision-making about future-oriented initiatives demands they engage with
matters likely to be characterized by uncertainty, high levels of concern, competing claims
regarding what should be done, and proposals for unfamiliar technologies [28–30]. As it
is unreasonable to expect communities and publics to hold ready-formed views and firm
positions in these circumstances, engagement must provide opportunities to imagine the
worlds made possible through anticipatory responses to climate change and to deliberate
over, and grapple with, their potential ecological, societal and ethical implications [31–33].

This paper synthesizes key insights for science and management drawn from qual-
itative and quantitative social research conducted through the RRAP Engagement Sub-
program. In the sections below we outline our methods, then present a summary, with
updates, of research largely reported elsewhere [34–37]. In the final sections, we elaborate
on the implications of these findings for new approaches to science and management—in
particular, new approaches to science and management focused on building the resilience
of coral reefs and other ecosystems in relation to climate change and other stressors. We
discuss how an important part of this work has been gaining a thorough understanding
of the perspectives and expectations of rights-holders, local communities and the broader
Australian public. We argue that the overall goal is not to identify a singular or majority
view but to inform meaningful engagement over the full range of ecological, social, and
ethical questions raised by the prospect of novel restoration and adaptation interventions.
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2. Materials and Methods
This manuscript draws on two research activities—regional ‘Deep Dive’ interviews

and a biennial national survey—focused on understanding how Reef Traditional Owners,
local communities, livelihood, civil society and institutional stakeholders and the broader
Australian public imagine the future of the Great Barrier Reef and the prospect of scientific
strategies to help it adapt to the impacts of climate change.

2.1. Deep Dive Interviews

One hundred and seventeen semi-structured interviews were conducted with
140 people living and/or working in close connection to the GBR. Participants were drawn
from four groups: Reef Traditional Owners, Livelihood Users (e.g., tourism operators
and other reef industries), Institutional stakeholders (e.g., governments and research or-
ganizations) and Civil society stakeholders (e.g., recreational users, community groups,
conservationists), but typically held multiple and overlapping interests in the GBR. In-
terviews were conducted face-to-face and questions were designed to encourage candid
dialogue about the GBR, participants’ expectations and aspirations for its future, their
views on its management and initial responses to the prospect of technologically assisted
adaptation and the strategies explored under RRAP. Methodological detail, including the
interview process, is provided in Appendix A.1.

2.2. Biennial National Surveys

Large-scale surveys were conducted in 2018, 2022 and 2024. Sampling was stratified
to include: (1) a national sample of Australian residents across all states and territories; and
(2) a regional sample of residents living within 50 km of the GBR coastline. Questions were
used to assess knowledge, perceptions and attitudes towards the GBR, its management,
and novel strategies to accelerate coral adaptation to climate change and/or recovery from
disturbance in the GBR. The surveys included a quasi experimental component in which
each respondent was presented with a plain-English description followed by more detailed
questions about one from a set of prospective interventions—five of which are subject to ac-
tive research and development through RRAP (marine cloud brightening, seawater fogging,
rubble stabilization, coral seeding, and natural breeding for heat tolerance) and one that is
not subject to active research or development through RRAP (genetic engineering for heat
tolerance). Methodological detail, including key variables, is provided in Appendix A.2.

3. Results
Through this combination of in-depth community interviews and broadscale public

surveys, we developed a substantial body of qualitative and quantitative data relating to
the perspectives and positions that communities and the public hold in respect to the Great
Barrier Reef, and their emergent responses to the prospect of novel assisted adaptation
strategies. In analyzing these data, it became evident that communities and the public
hold complex expectations and aspirations for the GBR’s future. In the sections below, we
outline the multiple futures respondents imagined for the GBR and how these affected the
responses they articulated to the prospect of assisted adaptation.

3.1. Anticipated Futures
3.1.1. Co-Existing Community Expectations

Evident in Deep Dive interview accounts were two key storylines formed in response
to public and scientific narratives about the GBR’s growing precarity and imminent loss.
These storylines are detailed in [35]. The first, observed in only a small number of inter-
views, was formed in open resistance to these narratives. Its proponents were skeptical
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about the predicted loss in the GBR and drew instead on their own experiences to empha-
size their confidence (1) in the ability of coral reefs to adapt and recover and (2) in local
forms of management to protect them.

The second storyline, which was far more dominant in the interviews, aligned with
public and scientific narratives. This storyline used three strategies (see Figure 1) to
articulate a probable future for the GBR of escalating loss and precarity. With the first,
participants emphasized the anthropogenic factors compounding adversity in the GBR.
Climate change was framed as incontrovertible, with official climate reports and other forms
of scientific authority used as a rhetorical shorthand for the overwhelming consensus about
its negative influence on the GBR’s future. Degrading influences and disruptions, such as
cyclones, crown-of-thorns starfish outbreaks, and pollution, were carefully elaborated to
further emphasize the multi-layered nature of the GBR’s precarity.

Figure 1. Three initial narrative strategies (blue rectangles) used to frame a probable future of
precarity and loss in the GBR [35].

With the second, participants grounded their expectations of future decline in evoca-
tive descriptions of adversity and distress they had already witnessed in the GBR. This
included firsthand accounts of greater marine animal strandings, lowered numbers of fish
and other marine animals, encounters with bleached coral, dwindling tourist revenue, and
increasingly negative public perceptions of the health of the GBR.

With the third, participants expressed sorrow and frustration regarding the collective
dysfunction of human society to alter the GBR’s trajectory despite its responsibility for,
and knowledge of, its decline. This was attributed to growing economic and political
self-interest, which had eroded collective respect, and care for the GBR and the ability to
effectively respond to scientific authority and the ‘facts’ of the GBR’s imminent decline.
Fossil fuel industries, populist governments, and the legacy of colonial dispossession were
identified as key factors in this dysfunction.

Upon initiating this storyline, however, participants expressed immediate discomfort
with it, often described as feeling of being ‘torn’ or ‘split’ and not wanting to resign to the
future they considered most likely:

I don’t really have much hope for the future, but it’s almost like you can’t stop trying. I
definitely have my days where I’m like ‘this is pointless because people aren’t going to
change fast enough’. . . And that frustrates me because I don’t want to get to that point
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where it’s too late . . . but at the same time you can’t give up, because if you give up, then
what do we do now? What do we do? Institutional stakeholder

In response to this discomfort, participants then shifted their storyline in a new
direction. The narrative strategy used here was concerned, not with resignation to inevitable
decline, but with finding the ‘reserves’ needed to actively imagine a future in which
alternative scenarios for the GBR would become possible (see Figure 2). Participants
speculated on the possibility that the GBR might be mutable, responding to anthropogenic
threats in unexpected ways. This included imagining the impacts of climate change as
unevenly distributed across the GBR, with opportunities left for species and ecologies to
survive and adapt, and drawing on existing examples of impressive ecological resilience
and recovery in the aftermath of seemingly catastrophic disturbance.

Figure 2. Finding the reserves to narratively shift the GBR’s storyline from probable loss to trans-
formed human-Reef relationships [35].

Participants also speculated on the possibility that the GBR’s rapidly deteriorating circum-
stances might catalyze a collective reckoning, or what Beck refers to as ‘social catharsis’ [38],
whereby human interests and behaviors would be radically recalibrated. Some imagined
how the prospect of loss might galvanize a change in global practices to align, rather than
conflict, with the GBR’s ecological well-being. Others imagined how the GBR’s imminent
loss might catalyze political transformation, broader human responsibility, and shifts towards
more respectful and caring human-environment relationships:

There is this increasing community concern around that issue, and that’s really all that is
going to ever change politics. As ordinary people in Australia, we don’t have the huge
resources that the fossil fuel billionaires have . . . but we do have morality and the ability
to reach people and be trusted by people. So I think that that is what in the end will win.
Civil society community

Others imagined the development of more coherent, coordinated governance in the
GBR to address its escalating threats and precarity:

I’d like to see continuing small improvements, or some really wide scale, large im-
provements, but keep moving forward with small improvements in areas like fisheries
management of these really important ecosystems, and ways that we can help restore
them. If we can maintain 27 more years of small improvements, I would like to think that
by 2050 the Reef won’t be cataclysmically degraded at that point. And then past 2050, if
we can make it to that point with the Reef in its relatively current state, then it does have
a chance to improve beyond that point. Civil society community
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3.1.2. Australian Public Expectations

Like the dominant storylines observed in the Deep Dive interviews, large-scale sur-
veys indicate that local and Australian residents hold profound concern regarding both the
present ecological condition and long-term survival of the GBR [37]. As shown in Figure 3,
a substantial majority of survey respondents (over 80%) indicated agreement with the
statement “I am concerned about the environmental condition of the GBR”, while 11.9% main-
tained a neutral stance and only 6.6% of participants indicated any level of disagreement.
Similarly, a substantial majority (over 75%) agreed with the statement “I worry that the GBR
will cease to exist for future generations” while only 11.0% expressed any level of disagreement
and 11.5% remained neutral. On a 7-point scale, there was a strong tilt toward agreement
(skewness = −1.108) with these statements. Central tendency statistics confirm that the
mean response was 5.51, the median 6, and the modal was 7 (the highest agreement rating).

Figure 3. Agreement with two statements about the Great Barrier Reef—(1) concern about its current
environmental condition and (2) concern about its future existence—based on aggregated survey
data from 2018, 2022, and 2024.

Consistent again with the Deep Dive storylines, perceptions of climate change sat
at the forefront of respondents’ concerns about the present and future condition of the
GBR. As shown in Figure 4, the majority (75.6%) of survey respondents agreed with the
statement “Climate change is negatively affecting the health of the GBR” with nearly two-thirds
(62.6%) indicating moderate to strong agreement, 16.5% slight agreement, and only 9.9%
expressing any form of disagreement and 14.5% remaining neutral. Spearman’s rank-order
correlation indicates a strong, positive correlation (ρ = 0.649, p < 0.001 two-tailed) between
respondents’ anxieties regarding the GBR’s condition and their perceptions of climate
change as a threat and negative influence on the health of the GBR, indicating that individ-
uals who express greater concern about the GBR’s condition are significantly more likely to
perceive climate change as a key threat to the GBR.
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Figure 4. Agreement that climate change is having a negative effect on the GBR. Based on aggregated
survey data from 2018, 2022, and 2024.

Alongside the effects of climate change, survey results also indicated agreement that
other pressures, such as pests, agriculture, mining and tourism were having negative
impacts on the condition of the GBR and only tentative agreement that enough was being
done to protect it [37].

3.1.3. Changing GBR Futures Through Assisted Recovery and Adaptation

As outlined above, most Deep Dive interview participants imagined both probable
futures of increased reef precarity, and possible futures in which fears for ecosystem
decline would mobilize the social, political and economic transformation needed to address
climate change. The implications of these imagined futures became evident as participants
responded to the prospect of novel restoration and adaptation interventions. On the one
hand, participants saw pragmatic merit in ‘buying time’ for the GBR until anthropogenic
climate change was brought under control, and in developing tools for the protection and
care of the GBR. Some expressed an ethical obligation to explore every available option
to help the GBR, including assisted recovery and adaptation. At the same time, many
worried that the availability of tools to upscale assisted reef recovery and adaptation
would disrupt the more hopeful possibilities they imagined in broader social change. As
Figure 5 summarizes, the support that participants expressed for research into novel reef
interventions did not reflect positions of resolution or certainty but processes whereby they
‘weighed up’ its implications for probable and possible futures.

Figure 5. Assisted adaptation imagined as a choice between probable and probable futures.
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Asked to share their initial thoughts on assisted recovery and adaptation technolo-
gies subject to research and development on the GBR, participants articulated a range of
potential impacts, both positive and negative, from widespread deployment across the
GBR. As detailed in [34] these responses were categorized into six broad themes: reef out-
comes, Indigenous partnerships, distributional equity, community engagement, program
sustainability, and unintended consequences:

Reef outcomes: the possibility was imagined of assisted adaptation achieving clear
benefits for reef ecologies, whether by reducing pressures on reef systems, slowing or
reversing degradation of coral and associated reef ecosystems, building human stewardship,
and/or complementing broader societal momentum toward climate action. The possibility
was also imagined, however, of assisted adaptation proving ineffective against ecological
degradation at the scale and rate experienced on the GBR and/or against entrenched
political apathy about climate change.

Indigenous partnerships: participants described scenarios in which the authority of
Reef Traditional Owners would be respected while social, economic and political oppor-
tunities open up through participation in assisted adaptation interventions in the GBR.
Participants also imagined scenarios, however, in which Reef Traditional Owner authority
was undermined. Mitigating against these, participants believed, required effective en-
gagement, formalized collaboration, deep respect for traditional knowledge, and effective
processes for seeking Traditional Owner consent for projects on Sea Country.

Distributional equity: participants imagined that the benefits and opportunities
created by assisted adaptation—such as enhanced economic security, political influence
and social participation—would flow to Reef Traditional Owners and local and regional
communities and work to address existing social and regional disparities. However,
they could also imagine scenarios in which existing inequities became amplified, with
GBR expertise and decision-making becoming concentrated in large, urban institutions,
Traditional Owner authority and knowledge becoming further devalued, and investment
in GBR management favoring international interests and global markets over grass-roots
stewardship and local knowledge.

Community engagement: participants foresaw the development and deployment
of assisted adaptation in the GBR as highly collaborative and participatory, providing
opportunities to establish partnerships, foster communities of practice (through citizen
science, knowledge sharing hubs, vocational qualifications, for example) and to develop a
collective sense of efficacy in securing the future of the GBR. However, participants also
foresaw the possibility of superficial and alienating community engagement, devaluation
of local knowledge, and privileging of institutional interests.

Program sustainability: participants imagined scenarios in which interventions could
be developed and deployed in the GBR at a scale that attracted ongoing investment and
political commitment, delivering tangible ecological, economic, and social benefits, with
the support of well-established industrial, commercial, and regulatory frameworks. Others
expressed skepticism about the feasibility and cost-effectiveness of assisted adaptation,
highlighting uncertainties around funding arrangements, approval processes, political
commitment, and the as yet unproven status of interventions.

Unintended consequences: the potential for large-scale restoration and adaptation
programs to catalyze broad action on climate change was one of several unintended, but
positive, outcomes imagined by participants. Other positive consequences imagined in-
cluded changes to environmental practices, a greater sense of responsibility and care for
the GBR (see also [35]), the development of transferable adaptive technologies, and the dis-
semination of enhanced ecological knowledge and stewardship practices. Conversely, the
possibility that assisted adaptation might disrupt momentum towards addressing anthro-
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pogenic climate change and reinforce political complacency and inaction was also imagined.
Other negative consequences included the introduction of pests, biotic homogenization
and biocultural impacts.

3.1.4. Public Outcome Perceptions

Each survey respondent was randomly assigned to evaluate one of six prospective
interventions—marine cloud brightening, seawater fogging, rubble stabilization, coral
seeding, natural breeding, and genetic engineering. This required the respondents to
indicate their level of agreement with a series of bipolar semantic-differential items on
7-point scales. (see Figure 6). Each item consisted of a pair of plain-English opposing
evaluative anchors (e.g., ‘unlikely to work’ vs. ‘promising’, ‘unsafe for people’ vs. ‘safe for
people’), allowing respondents to position their judgments along a continuum of perceived
risk and benefit across ecological, social, cultural, and ethical domains. For interpretive
clarity we reverse-coded all items so higher scores indicate stronger agreement with the
positive anchor (1–7; 4 = neutral).

Figure 6. Profiles of six interventions across the 12 semantic-differential items, pooled over 2018, 2022,
and 2024 (N = 8457 and per-intervention ns > 1000). Scale is 1–7, with higher = more positive; the
dashed ring marks 4 = neutral. Lines depict reverse-coded means (respondents rated one intervention
only). Welch ANOVAs and Games–Howell post hoc comparisons are provided in the main results;
the radar visualizes relative strengths/weaknesses across items.

Figure 6 shows mean responses above the mid-point of four—meaning positive out-
comes were perceived as more likely than negative outcomes for every intervention on all
but one of the outcome statements. Although above-midpoint scores indicate a general lean-
ing toward positive expectations, their proximity to neutrality reflects calibrated optimism
potentially shaped by ongoing uncertainty. If the interventions are compared, it is apparent
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that coral seeding and rubble stabilization were perceived as more feasible, beneficial, and
ethical than other interventions, followed by natural breeding and sea fogging, with marine
cloud brightening and genetic engineering perceived as the least feasible, beneficial, and
ethical. However, it would be misleading to infer from this that large numbers of people
perceived marine cloud brightening and genetic engineering as dangerous or unlikely to
work. Scores for each intervention were compared on each item with Welch’s one-way
ANOVA (robust to unequal variances and group sizes) and Games–Howell post hoc tests;
ω2 quantified effect magnitude given the large N, confirming that while most differences
between the interventions were statistically significant the effect sizes are small and cell
means lie just above neutral (~4.1–5.1).

The one outcome statement that elicited mean responses below the midpoint addressed
the potential irreversibility of environmental impacts. On average, respondents believed
that the environmental impacts of breeding corals for heat tolerance (whether through
natural breeding or genetic engineering) were likely to be irreversible. Responses for other
interventions clustered very close to the midpoint suggesting most respondents were either
uncertain or believed each outcome to be equally likely.

3.2. Scaled Support for Intervention Approaches

Respondents to the three biennial surveys were asked whether they supported research
funding, laboratory research, small-scale trials, and large-scale deployment of the six
prospective interventions included in the survey. These indicated strong public support for
research funding, laboratory research, and small-scale trials of all six interventions under
development through RRAP with mean support consistently above 5.3 on the 7-point scale
on which the midpoint of four indicates neither opposition nor support (see Figure 7 below).
Support for genetic engineering was slightly lower but still high at almost 5.3 on the 7-point
scale for laboratory research.

Figure 7. Mean public support for research funding, laboratory research, small-scale trials, and
large-scale deployment of novel restoration and adaptation interventions in the Great Barrier
Reef —based on aggregated survey data from 2018, 2022, and 2024.

Across all interventions, support for large-scale deployment was slightly lower than
support for research or small-scale trials, but again, it remained high. Levels of trust in
science to deliver solutions was a consistently strong predictor of support for both research
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into interventions (β = 0.463, p < 0.001, 95% CI [0.281, 0.304]) and large-scale deployment
of interventions (β = 0.347, p < 0.001, 95% CI [0.233, 0.258]). Perceived climate threat
(β = 0.369, p < 0.001, 95% CI [0.309, 0.345]); β = 0.274, p < 0.001, 95% CI [0.253, 0.292]), trust
in the GBR’s management authority (β = 0.072, p < 0.001, 95% CI [0.050, 0.087]; β = 0.168,
p < 0.001, 95% CI [0.156, 0.195]), and ethics (β = 0.146, p < 0.001, 95% CI [0.105, 0.139];
β = 0.139, p < 0.001, 95% CI [0.148, 0.112]) were also consistently associated with support
for intervention R&D and implementation.

4. Discussion
The value proposition for investment in R&D articulated by RRAP is based on scale;

that is, on developing interventions that can be deployed in the right places, and at the right
times, to support key ecological and biocultural functions across the entire GBR. Implicit
in this is the mobilization of scientific capacity to investigate new intervention options as
soon as practicably possible—not waiting until climate impacts undermine the capacity of
reef ecosystems to withstand, recover from, and adapt to disturbance. Our results show
strong public support for investment in intervention research and a general belief that
interventions, when implemented, will be more likely to provide benefits than to cause
harm. Reef community members expressed concern, in fact, about the government not
continuing its investment in R&D and/or in failing to invest in implementing the results.

It is important to note that, across all interventions, support for large-scale deployment
was only slightly lower among survey respondents than support for research or small-scale
trials. This may not be considered surprising, given that respondents were advised that
further research is required to understand the effects of each intervention (Appendix A.2).
However, that support for large-scale deployment was strong despite this advice suggests
members of the public perceive a degree of urgency and do not want action to support
the adaptation of reef ecosystems to climate change to be delayed until deep reductions in
greenhouse gas emissions are achieved.

It is similarly important to note that while support for the development and deploy-
ment of corals genetically engineered for heat tolerance was lower than support for other
interventions, it was still, nonetheless, positive. Although a preliminary assessment of over
160 intervention options by RRAP recommended consideration of genetic engineering as a
biodiversity conservation tool for reef corals [39], genetic engineering and other synthetic
biology techniques are not subject to active research through RRAP, nor, to the best of our
knowledge, any other research teams active in the GBR. Scientists and managers may have
many reasons for not prioritizing interventions based on genetic engineering. However, if
fears that genetic engineering research might provoke social conflict as seen in the food and
agriculture sector are among those reasons these results suggest that fear may be misplaced;
not because conflict is unforeseeable but because the governance and engagement processes
needed to reduce the risk of conflict in relation to genetic engineering are, in many ways,
the same governance and engagement processes needed to support effective intervention
research and resilience-based ecosystem management more generally.

Interviews with GBR community members show that responses to the prospect of
scaled restoration and assisted adaptation are not typically unequivocal or fixed, but
provisional and cautious. Many Reef community members interviewed through this
research were uneasy about the potential for adaptation to derail meaningful social change
or displace other Reef stewardship activities. Participants believed that while assisted
adaptation interventions may offer practical options for helping the GBR, it was important
to continue hoping and working for broader societal change in order to reduce the need
for adaptation.
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While noting that the predominant aim of the RRAP is to develop intervention tech-
nologies to support ecosystem adaptation, our analyses also point to the need to improve
actors’ capability to respond (or adapt) organizationally and institutionally. The two narra-
tives in the second storyline from the interviews (see Figures 1 and 2) identify ‘collective
reckoning’ and ‘collective dysfunction’ as influential in hopeful visions for transformational
change in human relations with the GBR and their absence, conversely, in its likely precarity
and loss. These narratives position social coordination and institutional responsiveness as
key conditions of success, while survey responses show strong levels of concern and worry
about condition of the GBR and its future and indicate the public are trusting of scientists
and managing agencies to act in response but cautious about the step from smaller to larger
field trials of technologies on the Reef.

These perspectives together point to a need not only for technological innovation, but
genuine organizational and institutional innovation that supports a collective response and
adopts inclusive strategies to achieve scale. Such a response would embed reef adaptation
efforts in broader governance and development trajectories, and enhance the capacity of
government, science organizations and civil society to work together, and work differently.
The Reef Authority’s Reef Blueprint 2030 [40] for instance highlights the nexus between
helping the reef to adapt, and a deliberate shift to organizational postures and capabilities
that drive transformational, collective and adaptive management. Reef managers and
stakeholders are embarking on several significant planning, and plan review processes
at the whole of Reef level (e.g., the current 5-yearly review of the Reef 2050 Long-term
Sustainability Plan) and regional levels (e.g., the design and consultation stage of the Plan of
Management for the Southern Great Barrier Reef). Processes such as these provide critical
windows of opportunity to revisit existing management paradigms and steer towards more
inclusive, action-oriented and adaptive ways of working.

In short, the results reported here and elsewhere [36,37] suggest that while the vast
majority of Australian residents support strong action to protect and restore coral reefs,
building strong relationships with Reef Traditional Owners and Reef communities and
maintaining public trust in scientists and scientific institutions will also be critical to
support the implementation of novel interventions at scale. The visions and aspirations
that communities and the public articulate for the GBR also contain clear indications of
practical actions to build and maintain support, including:

• Strong parallel action both by Australian governments and by GBR management and
research institutions to reduce greenhouse gas emissions and other anthropogenic
pressures on the GBR.

• Similarly, strong parallel action to support stewardship activities in the GBR at
multiple scales.

• Long-term funding commitment to restoration and adaptation R&D and implementation.
• Rigorous risk assessment (including assessment of social, cultural, and economic risks)

and monitoring of restoration and adaptation interventions.
• Recognition of the multiple values—social, cultural, economic, and ecological—that

inhere in the Reef and which require nurturing, both through and in addition to,
measures focused on coral restoration and adaptation.

• Transparent communication of research outcomes and intervention risks to Reef
Traditional Owners, Reef communities and stakeholders, and the broader public.

• Continuing dialogue with Reef Traditional Owners, Reef communities, stakeholders,
and the broader public over how best to support the resilience of the GBR and the
communities and industries that are a part of it.

• The development of personal and institutional capacities to work relationally, respond
effectively and create multiple possibilities and outcomes for the GBR.
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The richness of these practical implications illustrates the value of flexible and anticipa-
tory research and engagement when seeking to gain an early understanding of community
and public responses to novel management strategies and technologies such as those be-
ing considered in the GBR [26,28,32,41]. Our methods have facilitated dialogue around
assisted adaptation in close connection with communities’ lived experiences of the GBR,
highlighting the deep care and aspirations that local communities and the broader public
hold for its future. Beyond simply benchmarking levels of existing support and/or concern
regarding assisted adaptation interventions, this approach has brought more voices to
the table, and new understandings, challenges and narratives into the science and pol-
icy making underpinning the GBR [30,32,33]. When dealing with global environmental
change, approaches like this foster collective capacity to work relationally, breaking down
unhelpful dichotomies (such as those between the local and the regional, community and
institutional, traditional and innovative) and offering insights that can be built upon in
other collaborative contexts [23,29,41,42]. This provides the basis for ongoing engagement
with communities and the public as different interventions and deployment models are
tested in the GBR, helping to identify common concerns and areas of consensus as we
negotiate the uncertainties that will inevitably arise even after rigorous risk assessment
processes take place [19,28,43,44].

5. Conclusions
Support for research into assisted ecosystem adaptation in the Great Barrier Reef is

high. However, far from suggesting this provides researchers and managers license to
investigate or deploy any intervention wherever, and whenever, they like, our results
point to the need for continuing efforts to build trust and partnerships for ecosystem care.
Assisted adaptation in the Great Barrier Reef cannot be reduced to a technical exercise in
ecological restoration. It is a deeply relational practice, demanding governance processes
capable of respectfully engaging the multiple, often competing, visions held by commu-
nities. The clear conditions articulated by community members—ranging from authentic
Indigenous authority to fair distribution of ecological benefits—highlight the need for
adaptive frameworks that genuinely respond to these ethical and social dimensions. Rather
than seeking consensus, successful reef adaptation relies on sustaining open, meaningful di-
alogue where differences are not flattened, but woven together, into a richer, more resilient
governance fabric.
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Appendix A.
Appendix A.1. Detailed Deep Dive Methodology

Recruitment

Participants were recruited from four broad stakeholder categories identified by social
scientists in the RRAP feasibility stages:

• Traditional Owners with ongoing traditional connections to and rights over the
Reef (10 interviews)

• Livelihood communities including individuals and businesses that gain income, profit or
other financial benefits from the Reef (22 interviews)

• Institutional stakeholders, including representatives from scientific, government and
community institutions (28 interviews)

• Civil society communities including reef NGOs, wildlife advocates, conservationists and
recreational users (57 interviews)

Participants were mostly located in coastal regions adjacent to the GBR (which extends
2300 km along the coast of Queensland, Australia). 51 interviews were conducted in and
around the city of Cairns in the northern section of the GBR, 31 were conducted in and
around the cities of Townsville and Mackay, and 31 in and around the cities of Gladstone,
Rockhampton and Bundaberg at the most southern end of the GBR. 4 interviews were
conducted in Brisbane.
Interview protocol

The interview format was kept flexible to allow participants to raise issues that were
important to them. The interview protocol included the following topics and questions:

Background and relationships to the Reef

1: Can you please tell me a bit about yourself and your history with the Great Barrier Reef?

Perceptions of the Reef’s future;

2a: Thinking about the Reef, what do you think its most likely future will be? What do you
think the Reef will look like in 2050 and beyond? Including prompts for discussion of
causes and drivers, existing management, implications/opportunities, uncertainties.
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2b: What would a better future for the Reef look like? What does the best possible fu-
ture look like? Prompts regarding who/what would change and how, how par-
ticipants and communities would be involved, personal and collective implica-
tions/opportunities/uncertainties

Responses to the prospect of technological interventions to support the GBR

Preamble: I’d like to focus on the interventions being explored through RRAP
which are:

- Enhancing the settlement of coral larvae on degraded reefs to speed up their recovery
(also known as coral IVF).

- Selecting and breeding coral for heat-tolerance.
- Reproducing and growing coral in land-based aquaculture facilities for use in

restoration projects.
- Reducing the exposure of reefs to solar radiation during extreme heat events using

cloud brightening or fogging.

3a: When I talk about these interventions, what thoughts come to mind? Prompts regarding
uncertainties/assumptions/tacit knowledge, imagined effect (positive and negative)
on self and others, different responses to the different interventions
3b: What (if anything) would you need to know or see to feel confident that these interventions
were being carried out for the right reasons and in the right way?
3c: Other technological options we haven’t foreseen yet might become available. In your view,
is technological intervention a viable option for the Reef? Why/Why not?

Analysis

Interviews were transcribed verbatim using a professional transcription service. Anal-
ysis was conducted using NVivo (Version 14). Researchers followed a combination of
thematic and narrative approaches to the data, using processes of open and hierarchical
coding to identify key themes and narrative mapping to identify common patterns in
the ways participants expressed early responses to the prospect of adaptive interventions
in the GBR.

Appendix A.2. Detailed Survey Methodology

Sampling and Recruitment

The study employed a stratified sampling design to capture both national and Reef-adjacent
perspectives. For the national sample, quotas based on Australian Bureau of Statistics
(ABS) census benchmarks (gender, age, and state/territory of residence) were applied to
maintain representativeness. For the regional Queensland sample, defined as residents
living within 50 km of the GBR coastline, soft quotas were applied to balance urban and
rural perspectives. Postcodes were collected to validate respondents’ location and to allow
sub-regional analyses.

Participation was voluntary and anonymous aligned with the obtained ethics approval.
Participants were recruited through online research panels managed by a professional
market research provider. Multiple panels were utilized to reduce the likelihood of over-
representing affluent or highly survey-active populations. Incentives, managed and dis-
tributed directly by the provider, were either monetary or points-based and were designed
to appeal to a wide audience, thereby increasing participation across socio-economic strata.
Survey Instrument
The questionnaire (average completion time 20–25 min) comprised five core sections and
an experimental component:
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a. Background and demographics—residency, Reef visitation, self-rated knowl-
edge, factual knowledge quiz, gender, age, education, employment, and (for
regional respondents) economic dependence on the Reef.

b. Values and benefits of the GBR—items on national, intrinsic, and personal
significance.

c. Perceived threats and risks—concern about environmental condition, climate
change, industries (agriculture, mining, tourism, shipping), and ecological pres-
sures
(e.g., Crown-of-thorns starfish).

d. Attitudes to management—confidence in Reef management, optimism, suffi-
ciency of current measures, trust in organizations (federal/state government,
NGOs, international agencies, scientific institutions), and perceived regulatory
efficacy.

e. Restoration and adaptation—general views on intervention (e.g., prevention vs.
restoration vs. resilience-building), fairness (procedural, distributional), and
acceptance of broad options.

Quasi-experimental design: Each respondent was randomly assigned one detailed de-
scription of a potential intervention, written in plain English with a balanced discussion of
benefits, risks, and uncertainties.
For their assigned intervention, respondents were asked about:

• Perceived neutrality and clarity of the description.
• Emotional responses (10 discrete emotions: cautious, worried, sadness, power-

less, scared, proud, hopeful, happy, confident, relieved).
• Knowledge and information needs (past awareness, desired future knowledge,

preferred communication channels).
• Perceptions of risks, benefits, safety, cost-effectiveness, cultural impacts, and

ethical considerations.
• Fairness and trust (procedural, distributional, trust in regulators and institu-

tions).
• Acceptance and support (willingness to support research, trials, and large-scale

deployment; willingness to donate or participate in engagement processes).

Data Quality Procedures

• Forced responses: The platform required completion of all questions to mini-
mize missing data.

• Completion checks: Surveys not finished in full were excluded.
• Speeding checks: Surveys completed in implausibly short times were removed.
• Attention checks: Embedded items assessed attentiveness, with failures ex-

cluded.
• Quota monitoring: Sample composition was monitored in real time to align with

ABS benchmarks.
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