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Novel technological interventions are under development to build the resilience of ecosystems by providing
short-term protection from climate extremes, enhancing recovery from disturbance, and accelerating adaptation
to changed climate states. Drawing on surveys of Australian residents (n = 5320) conducted in 2018 and 2022,
this paper investigates support for the development and deployment of six novel interventions on the Great
Barrier Reef (marine cloud brightening, fogging, rubble stabilization, coral seeding, natural breeding for heat
tolerance, and genetic engineering) and how support varies across time, social groups, perception of climate risk,
and approach to intervention. It finds strong support for research and small-scale trials of all six interventions
although support was highest for coral seeding, followed by rubble stabilization, fogging, natural breeding,
marine cloud brightening, and genetic engineering. Reflecting their early stage of development, support for
large-scale deployment of novel interventions across the Great Barrier Reef moderated, with respondents indi-
cating strongest support for deployment of coral seeding, rubble stabilization, and fogging and lower support for
natural breeding, marine cloud brightening, and genetic engineering. Trust in science to deliver solutions was a
consistently strong predictor of support for both intervention R&D and large-scale deployment. The perceived
ability to identify and test environmental impacts was a strong predictor of support for scaled deployment.
Perceived climate threat, trust in the Reef’s management authority, and ethics were also consistently associated
with support for intervention R&D and implementation. With the vast majority of Australian residents sup-
porting strong action to protect and restore coral reefs the maintenance of trust in scientists and scientific in-
stitutions stands out as critical to support for the implementation of novel interventions at scale, including the
ability of researchers to identify and assess the environmental risks of these interventions.

1. Introduction

Novel interventions are of increasing interest around the world to
protect and restore ecosystems and to accelerate their adaptation to
anthropogenic climate change (Bostrom-Einarsson et al., 2020; Hobbs
and Cramer, 2008; Malhi et al., 2020). Global warming has led to un-
precedented global environmental problems, including hotter temper-
atures, more severe storms, increased drought and rising sea levels
leading, in turn, to species loss and biodiversity decline
(Intergovernmental Panel on Climate Change, 2023). Habitat deterio-
ration threatens global ecological functions and can lead to significant

loss of economic and social values (Powers and Jetz, 2019). To minimize
the impact of global warming on biodiversity and other values, rapid
and deep mitigation of greenhouse gas emissions is essential. Scientists
are also exploring how a better understanding of ecological processes,
combined with traditional ecosystem management practices and new
management options, can be used to increase ecosystems’ resilience to
those impacts that can no longer be avoided (Anthony et al., 2020;
Mcleod et al., 2019). Novel interventions to increase ecosystem resil-
ience include (but are not restricted to) measures to protect ecosystems
from climate extremes by manipulating environmental conditions at a
local or regional scale, to enhance recovery from disturbance through
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more efficient and effective active restoration practices, and to accel-
erate adaptation to climate change through genetic selection, species
translocation, etc. (Anthony et al., 2020; Bay et al., 2019b; Mcleod et al.,
2019; Twardek et al., 2023).

Concerns over the ability of coral reef ecosystems, more specifically,
to recover between bleaching and other disturbance events have seen
active restoration projects and research into novel intervention options
become increasingly common (Bostrom-Einarsson et al., 2020; McLeod
et al., 2022). Possibly the largest intervention research initiative, Aus-
tralia’s Reef Restoration and Adaptation Program (RRAP),1 2 aims to
develop a suite of ecologically effective, socially acceptable, and
economically viable options for intervening at scale on the Great Barrier
Reef (GBR) (Gibbs et al., 2021). Spanning over 2300 km (km), home to
70 First Nations, and valued at approximately AUD$56 billion, the GBR
is of global social, economic and ecological importance (Commonwealth
of Australia, 2024; Deloitte Access Economics, 2017). Its condition,
however, like all tropical coral reefs around the world, has deteriorated
due to climate change, land-based run-off, illegal fishing,
crown-of-thorns starfish outbreaks, and marine debris. Extensive coral
bleaching in March 2024 - a consequence of climate change-induced
marine heatwaves — represented the fifth major bleaching event in the
last eight years.

Following a two-year pre-feasibility assessment of 160 possible in-
terventions (Bay et al., 2019b), RRAP commenced detailed research in
2020 on: (1) protective interventions including two solar radiation
management (SRM) techniques — seawater fogging and marine cloud
brightening (Butcherine et al., 2023; Harrison, 2024); (2) active resto-
ration interventions including techniques to increase the recruitment of
juvenile corals to damaged reefs, stabilize reef substrates to facilitate
coral growth, and increase the efficiency of coral aquaculture and out-
planting (Kenyon et al., 2023; Lippmann et al., 2023; McLeod et al.,
2022); and (3) adaptive interventions including the identification of
corals with natural heat resilience traits, selective breeding for heat
tolerance within and between coral populations, pre-conditioning of
juvenile corals to heat stress, and introduction of heat-evolved strains of
algae on which corals rely for photosynthetic production of energy
(McLeod et al., 2022; Scharfenstein et al., 2023; Selmoni et al., 2024).
Despite strong endorsement by the pre-feasibility study RRAP has not,
notably, undertaken research into the potential of genetic engineering
(or synthetic biology) to accelerate the development of novel in-
terventions such as corals bred for enhanced heat tolerance.

While meaningful ecological outcomes, which refer to measurable
changes in ecosystem health and function such as improvements in coral
cover, biodiversity, and ecosystem resilience, are often portrayed as the
primary objective, the prospective deployment of novel intervention
options for ecosystem management also raises questions concerning the
goals and ethics of intervention, the management of risk and uncer-
tainty, the distribution of social and economic risks and benefits, the
adequacy of governance and decision-making arrangements, and
whether the intervention enjoys broad stakeholder and public support
(Fidelman et al., 2019; Le et al., 2022; Minteer and Collins, 2010; Wa-
ters, 2022). Numerous scholars note the importance of public support

1 The Reef Restoration and Adaptation Program (RRAP) is funded through a
partnership between the Australian Government’s Reef Trust and the Great
Barrier Reef Foundation. Partners include the Australian Institute of Marine
Science, CSIRO, James Cook University, Queensland University of Technology,
the University of Queensland and Southern Cross University. The surveys on
which this manuscript draws were conducted as part of RRAP’s Stakeholder and
Traditional Owner Engagement Subprogram. They aim to provide a longitudi-
nal understanding of Australian attitudes toward the development and
deployment of novel reef restoration and adaptation options, along with the
factors that influence attitudes toward restoration and adaptation.

2 Other programs include Saudi Arabia’s KAUST Reefscape Restoration
Initiative and Australia’s Coral Nurture Program.
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for successful deployment of novel interventions (Hein et al., 2019; Le
et al., 2022; Waters, 2022). Understanding public perceptions of novel
interventions and how these vary across time, social groups, perception
of climate risk, and approaches to intervention, is important not only to
mitigate the risk of public opposition to novel interventions but to
inform their development and to identify opportunities for public
involvement in ecosystem management and restoration.

A substantial body of literature addresses public support for solar
radiation management (SRM) (Bellamy and Lezaun, 2017; Burns et al.,
2016; Merk et al., 2015; Pidgeon et al., 2012). The dominant focus
within this literature on atmospheric aerosol injection and other geo-
engineering technologies reflects the significant governance and politi-
cal challenges raised by global-scale climate manipulation (McLaren and
Corry, 2021). It also means though that research on support for local- or
regional-scale application of SRM for ecosystem protection is limited. A
similarly large body of literature addresses public support for active
restoration and strategies to involve communities in restoration projects
across a diversity of ecosystems (Budiharta et al., 2018; Buijs, 2009; van
Oosterzee et al., 2020) including coral reefs (Le et al., 2022; Sebastian
et al., 2024; Trialfhianty and Suadi, 2017). Meanwhile the literature on
public support for adaptation-focused interventions is dominated by
studies of terrestrial species translocation and genetic manipulation
(Hajjar and Kozak, 2015; Moshofsky et al., 2019) with only a small
number, again, addressing support for the assisted adaptation of coral
reef ecosystems. In addition, most studies of public acceptance rely on:
(1) cross-sectional designs, investigating the views of a single commu-
nity; (2) at one point in time; and (3) evaluate only one type of inter-
vention (Burns et al., 2016; Klaus et al., 2020). A more extensive
literature review of the factors influencing public support for novel
ecosystem protection, restoration, and adaptation interventions is pro-
vided in Appendix A.

To bridge these gaps and better understand the potential accept-
ability of novel protection, restoration and adaptation interventions in
the GBR this manuscript aims to: (1) quantify public support for
research, trials and implementation of novel interventions; and (2)
examine how public support is influenced by factors such as scale,
geographic location, and temporal context. Thus, we explore differences
in perceptions based on the type of intervention and the scale of
deployment (from funding research through to large-scale deployment).
Moreover, we examine whether differences in levels of support exist
between people living in proximity to the Reef versus the broader
Australian public, and whether support changes over time. Finally, we
identify the primary determinants of public support for novel in-
terventions and whether these determinants differ across intervention

types.
2. Methodology

Data reported in this manuscript were collected through a larger
study of community attitudes toward existing and prospective man-
agement interventions in the Great Barrier Reef. Surveys were con-
ducted in 2018 and 2022 with over 8000 Australian residents in total to
explore support both for current management practices, and the po-
tential introduction of novel management practices designed to accel-
erate coral adaptation to climate change and/or recovery from
disturbance. This manuscript draws on a subsample of 5320 surveys
focused on six interventions, five of which are currently being explored
through the Reef Restoration and Adaptation Program (RRAP) and one,
genetic engineering, which is not under active development. The
remaining surveys that we did not include in our analysis focused on
interventions that have been excluded from further RRAP R&D (shading
using surface films and coral recovery using human-made reef struc-
tures, both included only in the 2018 survey), and pest control which has
been dealt with elsewhere (Lockie et al., 2024b). In the
quasi-experimental design, each respondent had the opportunity to
respond to a specific intervention (scenario) rather than comparing the
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full suite of interventions.
2.1. Sampling

A stratified sampling strategy was used targeting two primary
groups.

1. Australian residents across all states and territories (national
sample).

2. Residents located within 50 km of the GBR coastline (resident
sample).

Although the GBR is important nationally and internationally, ma-
rine conservation challenges or changes to the condition of ecosystem
condition due to climate impacts or due to changes that arise from
management interventions are more likely to directly and materially
impact respondents living closest to the Reef. In both years, online
surveys were distributed via a market research company using online
panels.® Representativeness was maintained by using Australian census
data quotas (based on gender, age, and location, with a mix of urban and
rural respondents) for the national sample and soft quotas for Queens-
land as a guide for the resident sample. Detailed information on the
sampling strategy is available in Appendix B.

2.2. Novel interventions

We classified the six interventions included in our study into: (1)
protective interventions to help protect the Reef from climate extremes;
(2) restorative interventions to help support the recovery of degraded
reefs; and (3) adaptive interventions to help corals adapt to changing
climate conditions. Within each category, we included two specific in-
terventions. Each intervention was introduced to the participant in one
paragraph, which included a description of the method used, its aims,
and potential benefits and risks. Descriptions of each intervention were
developed with scientists and engineers working directly on them to
ensure accuracy. Most of the respondents felt that the description of
their intervention was neutrally framed, and neutral responses were
relatively similar across interventions with no statistical differences
found (Appendix B). Moreover, the respondent’s perception of descrip-
tion bias did not meaningfully affect support levels for any of the in-
terventions (see Table 1).

For protective interventions, we included marine cloud brightening
(2018 and 2022 surveys) and fogging (2022 survey only), described to
survey respondents as follows:

One approach is to help cool and shade the waters of the Reef by
enhancing the clouds above it to reflect more sunlight and heat. This
is known as Marine Cloud Brightening. To achieve this, very small
seawater droplets are sprayed into the atmosphere using devices
similar to snow making cannons placed on boats, pontoons or per-
manent structures in the marine environment. Potential benefits
include cooling and shading the reef during stressful conditions that
can lead to coral bleaching. Cloud brightening can be used when
bleaching conditions are predicted. It can also be used only when it is
required (i.e., it can be ‘turned off’). Potential risks could include
small changes to local weather patterns such as altered rainfall.
Further research is required to understand the atmospheric condi-
tions over the Reef, the ability of this technology to be scaled up and
the impacts to local weather.

One approach aims to shade areas of the reef using artificially
generated sea mist or fog. This mist reduces the amount of sunlight

3 The final survey in 2018 was launched on 7 August 2018 and remained
open until 14 September 2018. The final survey in 2022 was launched on 14
February 2022 and remained open until 28 February 2022.
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and heat reaching the sea surface and the coral reefs beneath. Po-
tential benefits include cooling and shading the reef, which pre-
vents damage to coral and other organisms. Fogging could be
deployed when coral bleaching conditions (i.e., extreme heat events)
are predicted. Fogging could be effective in protecting targeted areas
over short critical periods (days to weeks). It can also be used only
when it is required (i.e., it can be ‘turned off’). Potential risks
include over-shading which may slow coral growth. It would be
ineffective during strong wind; however, bleaching is most likely to
occur during calm conditions.

For restorative interventions, we included rubble stabilization (2018
and 2022 surveys) and coral seeding (2022 survey only). These ap-
proaches were described to survey respondents as follows:

One approach aims to help stabilize dead coral rubble so that new
corals can grow. Mesh structures or the application of binding
agents can be used to prevent movement of the coral rubble. New
coral can then naturally establish themselves and grow on this ma-
terial. Potential benefits include providing a stable habitat to pro-
mote coral settlement and growth. This approach requires minimal
human labour to maintain and would work most effectively at a local
scale. Potential risks could include changes to natural conditions
such as ocean currents, water quality, and impacts on other reef
species. Further research is required to understand the effect of this
technology. Similar methods are currently used overseas to fix coral
reefs damaged by ships.

One approach — known as coral seeding - involves capturing natu-
ral, wild coral spawn/larval slicks in tanks and floating pools and
then transporting them for release to help re-seed local or regional
high-priority reefs. Potential benefits include speeding up the re-
turn of coral cover to a disturbed or damaged reef by increasing the
number of available coral babies (larvae) that can settle and grow
into new corals. Harvesting wild coral larval slicks is likely to have a
minimal negative impact on Reef ecology, as the mortality rate of the
larvae in a slick is typically high. Potential risks include introduced
and relocated corals impacting the local coral population ecosystem.
More research is needed to develop effective and efficient collection
and transfer and delivery techniques.

For adaptive interventions, we included enhancing heat resistance —
natural breeding (2018 and 2022 surveys) and enhancing heat resistance —
genetic engineering (2018 and 2022 surveys). These approaches were
described to survey respondents as follows:

One approach aims to enhance the heat resistance of corals
through the selective breeding and spread of naturally more heat
resistant corals. This can help corals become more resilient to ocean
warming and improve the overall health of coral reefs. Potential
benefits include helping corals to become more tolerant to marine
heatwaves and environmental change. Potential risks could include
possible changes in local coral structures and species interactions.
Further research is required to understand the effect of this tech-
nology. This approach may involve breeding corals in land-based
nurseries, an approach that is already used in aquaculture.

One potential approach could enhance the heat resistance of corals
using genetic engineering. Genetic engineering includes methods
that allow very precise changes to be made to the genetic material of
corals, or algae that lives in corals, to increase their ability to cope
with heat stress. Potential benefits include helping corals to resist,
repair and recover from bleaching events by improving their toler-
ance to heat stress. Potential risks could include possible disrup-
tions to the ecosystem and spread of modified algae to other
organisms. This technology is not yet sufficiently developed to be
applied to corals. Further research is required to understand the ef-
fect of this technology. Similar methods have been used to geneti-
cally modify food crops including maize and canola.
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Table 1
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Factors influencing social acceptance for small-scale outdoor trials and large-scale outdoor use of different novel interventions.

Variable

Description

Unit of measurement

Demographics
Reef proximity

Gender”

Age Group

First Nations people
Education
Employment
Visitation (ever)”

Knowledge (GBR)"

Values and threats

National asset (intrinsic value)
Personal importance (intrinsic value)
Climate threat

Institutions and management

Trust in the Great Barrier Reef Management
Authority (GBRMPA)
Trust in Federal Government
Trust in science to provide solutions®

Intervention-specific
Description bias”

Awareness”

Understanding
Promising
Ethical
Cost-effective
Testable impacts

Distance of respondent’s residence from the GBR

Gender of respondent

Respondent’s age group; initially measured using six levels
Respondent identified as Aboriginal and/or Torres Strait Islander

Respondent had an undergraduate and/or postgraduate degree;
initially measured using five levels

Respondent had a full-time employment status at the time of the
survey

Respondent had ever visited the GBR

Respondent’s self-rated knowledge about the GBR.

Respondent’s level of agreement with the statement that:

- The GBR is an important national asset

- The GBR is personally important to me

- Climate change is negatively affecting the health of the GBR

Respondent’s level of agreement with the statement that:

- Itrust the Great Barrier Reef Marine Park Authority to act in the
best interests of society

- Itrust the Federal Government to act in the best interests of
society

- Scientific research can provide solutions to help prevent or
repair damage to the GBR

Respondent felt the intervention description was biased [...]
towards the intervention.

Respondent had heard about the intervention before

Respondent’s self-rated knowledge about the intervention
Respondent’s level of agreement with the statement that
intervention:

- Looks like a promising option to help the Reef

- Is ethical in use

- Is likely to be cost-effective when fully developed

- Has environmental impacts that can be identified and tested

(0) More than 50 km from GBR
(1) Within 50 km from GBR

(0) Female

(1) Male

(0) Below 50 years

(1) 50 years and older

(0) No

(1) Yes

(0) No

(1) Yes

(0) No

(1) Yes

(0) No

(1) Yes

From 1 ‘know very little’ to 10 ‘know a lot’

7-scale Likert:

(1) strongly disagree

(2) disagree

(3) slightly disagree

(4) neither agree or disagree
(5) slightly agree

(6) agree

(7) strongly agree

7-scale Likert:

(1) strongly disagree

(2) disagree

(3) slightly disagree

(4) neither agree or disagree
(5) slightly agree

(6) agree

(7) strongly agree

(1) Against

(2) Neutral

(3) Favourably

(0) No

(1) Yes

From 1 ‘know very little’ to 10 ‘know a lot’

7-point Likert scale from statement representing highest
potential risk (1) to most benefit (7)

# In five out of our 5320 surveys the respondents selected the ‘other/prefer not to say’ gender option. These five surveys were too few for a dedicated gender category
and they were consequently excluded from our analysis.
b Four variables were excluded from our final analysis because they did not significantly affect support levels for any of the six interventions across the two
deployment levels for which we did a regression analysis.
¢ We used only one of the ‘trust in scientific solutions’ variables as predictor, depending on the type of intervention. We used trust in scientific solutions to prevent
damage to the GBR for the two adaptive and two protective interventions, and trust in scientific solutions to repair damage to the GBR for the two restorative

interventions.

2.3. Levels of support

We used survey participants’ stated support for different in-
terventions with regards to four stages of development of increasingly
larger scale using the respondents’ level of agreement with the following
statements.

1. I support the funding of research into this intervention.

2. I support indoor lab research into this intervention.

3. I support small-scale outdoor trials of this intervention in selected
parts of the GBR.

4. I support large-scale outdoor use of this intervention across the GBR.

The level of agreement was measured using a 7-point Likert scale
including (1) strongly disagree; (2) disagree; (3) slightly disagree; (4)

neither agree or disagree; (5) slightly agree; (6) agree; and (7) strongly
agree.

2.4. Determinants of public support

We used four different groups of predictors to test which de-
terminants were most strongly associated with support for the deploy-
ment of novel Reef interventions (Table 1). The four groups of predictors
included demographics, values and threats, institutions and manage-
ment, and intervention-specific factors. For interventions measured
across two time periods (2018 and 2022) we also include the survey year
as a binary predictor to test whether public support changed over time.
We initially included past GBR visitation and self-rated knowledge about
the GBR as predictors within the demographic group, but these variables
were not included in the final models because they did not significantly
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affect support for any of the interventions regardless at any stage of
development.

Broader values act as guiding principles underpinning beliefs and
attitudes, and studies have shown that environmental values influence
emotions, perceived risks, benefits, and overall support for climate
change mitigation options (Merk and Ponitzsch, 2017). Past studies have
also identified reef related values or benefits as important antecedents to
explain attitudes or support for reef management (Marshall et al., 2017).
Values/benefits of the GBR were developed using past studies as a guide
(Moffat et al., 2014, 2018). Perceived threats to the GBR and their views
on the effect of a decline of the GBR were also examined. This can create
issue salience (Yang et al., 2014) or threat appraisal that can influence
attitudes toward restoration options.

A series of statements asked respondents about their understanding
of the current management of the GBR. Questions were also asked
regarding the prospects of scientific research to help repair and restore
the Reef.

Finally, respondents were asked about their understanding of the
intervention based on the scenario and their knowledge level associated
with the intervention, by asking if they had heard of it prior to the in-
formation presented in the survey, and if so, how much knowledge they
had. We also measured respondents’ perceptions of whether they
believed the intervention looks promising, ethical, cost-effective, and is
perceived as having identifiable and testable environmental impacts.

2.5. Analysis

We started our analyses by providing descriptive results on the dis-
tribution of answers in our surveys regarding support for six in-
terventions at four stages of development. For the last two stages of
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development (small-scale outdoor trials and large-scale outdoor use), we
ran a regression model for each intervention including the predictor
variables as described in Table 1. Models were fit using R modelling
software (R Core Team, 2013), version 4.2.2. Because all our outcome
variables were measured on a 7-point Likert scale, we used ordinal lo-
gistic regression models which were implemented using the MASS
package in R (Ripley et al., 2013).

All non-binary predictors in the models were scaled using z-scores to
reduce multicollinearity and to make effect sizes directly comparable
(Abelson, 1995). We tested for multicollinearity through variance
inflation factors using the performance package in R (Liidecke et al.,
2021). All predictors in the models had a variance inflation factor below
3, indicating low collinearity. We reported pseudo-R-squared values that
were derived by using the DescTools package, specifically the Nagel-
kerke (Cragg and Uhler) value, which represents the proportion of the
total variability in the outcome variable that is accounted for by the
model.

3. Results
3.1. Sample description

We sampled a total of 5320 Australian residents, of which 2020 in
2018 and 3300 in 2022. About a third (31%) of our sample consisted of
survey participants that lived in close proximity (<50 km) to the Great
Barrier Reef, and we had a relatively even balance in terms of age and
gender (Appendix C, Table 3). Eight percent of our sample consisted of
participants that classified themselves as Aboriginal and/or Torres Strait
Islander. About two-thirds (62%) of the participants had ever visited the
Reef and the average self-reported knowledge about the GBR was 5.2 on

Graph B. Indoor Lab Research
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Fig. 1. Level of agreement on the support for research funding (Graph A), indoor lab research (Graph B), small scale outdoor trials in selected parts of the GBR

(Graph C), and large-scale outdoor use across GBR (Graph D), by intervention.

Note: Data were collected through surveys in the year 2018 and 2022 (Australian residents, n = 5320) except for the coral seeding and fogging technologies, which

were only included in the 2022 survey.
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a ten-point scale.

3.2. Public support for novel reef management interventions

Our results indicate that support levels for the first three stages of
development (research funding, indoor lab research, and small-scale

Ocean and Coastal Management 260 (2025) 107489

outdoor trials) were relatively similar, with overall high support
levels, while support levels for the fourth stage (large scale outdoor use)
was more skewed towards neutral and slight agreement (Fig. 1). In terms
of support for small scale outdoor trials in selected parts of the GBR,
respondents showed relatively high support for all six interventions, i.e.,
for all approaches most survey respondents “agreed” with small scale

Cost-effective
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Fig. 2. Regression statistics (odds ratios at 95% confidence intervals) for ordinal logistic regression model outcomes associated with support for small-
scale outdoor trials of each intervention in selected parts of the GBR.Note: Outcomes are on a 7-point Likert scale (Fig. 1). Significant predictors are those that
do not cross the dotted ‘1’ line. Non-binary predictors (all predictors below Employment (FT)) were standardized using z-scores. Effect sizes shown in this Figure and
discussed in the text can be de-standardized by multiplying with the standard deviation of the respective indicator (Appendix C, Table 3). Because of the wide
confidence interval range for the effect of the First Nations people predictor on support for the coral seeding intervention (0.57-3.87, mean effect size of 1.46), we

included only the mean effect size in the Figure for visualization purposes.
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outdoor trials. The median response was also “agreed” for all in-
terventions, except for genetic engineering which had a median
response of “slightly agreed” (Appendix D, Table 5). Respondents were
overall most agreeable, in terms of small-scale outdoor trials, with the
restorative interventions (coral seeding and rubble stabilization), and
slightly less agreeable about genetic engineering (adaptative interven-
tion) and cloud brightening (protective intervention).

In terms of support for large-scale outdoor use of novel interventions
across the GBR, respondents showed relatively less enthusiasm as
compared to small-scale outdoor trials, although most respondents were
still overall in support (Fig. 1). Most survey respondents “agreed” with
the large-scale outdoor use of rubble stabilization, coral seeding, and
fogging. For cloud brightening, natural breeding, and genetic engi-
neering, on the other hand, most respondents revealed neutral responses
regarding their large-scale outdoor use across the GBR. The median
response was “slightly agreed” for all interventions, except for genetic
engineering which had a median response of “neither agree or disagree”
(Appendix D, Table 5).

3.3. Determinants of public support for small-scale outdoor trials of
technological interventions

As shown in Fig. 2, residents located within 50 km of the GBR
coastline were significantly more likely than Australian residents across
all states and territories to support cloud brightening (mean odds ratio
= 1.34, p-value = 0.028). Support for rubble stabilization was signifi-
cantly lower in 2022 compared to 2018 (mean odds ratio = 0.66, p-
value = 0.001). Demographically, male respondents were significantly
more likely to support rubble stabilization (mean odds ratio = 1.36, p-
value = 0.017), while older respondents were significantly more likely
to support genetic engineering (mean odds ratio = 1.37, p-value =
0.015). We found no significant effect size for First Nations respondents
and education levels. Respondents who had a fulltime employment
status at the time of the survey were significantly more likely to support
natural breeding (mean odds ratio = 1.29, p-value = 0.047), while they
were significantly less likely to support fogging (mean odds ratio = 0.66,
p-value = 0.027) and rubble stabilization (mean odds ratio = 0.76, p-
value = 0.045).

Whether respondents valued the Reef and whether they believed the
Reef is under threat from climate change generally had a positive effect
size on support for outdoor trials. The perceived value of the GBR as a
national asset had the strongest effect size for rubble stabilization
(standardized mean odds ratio = 1.70, p-value <0.001), while it was not
a significant determinant of support for genetic engineering or fogging.
Whether respondents felt the GBR is personally important to them was a
significant determinant of support for all interventions except genetic
engineering and cloud brightening. The perceived threat of climate
change on the Reef was positively associated with all interventions, with
the protective interventions (cloud brightening and fogging) having the
strongest (standardized) mean effect sizes, respectively 1.41 (p-value
<0.001) and 1.40 (p-value = 0.001). In terms of trust in institutions and
Reef management, trust in scientific solutions to help prevent or repair
damage to the Reef was a strong determinant of support for all in-
terventions, with the standardized mean effect sizes ranging from 1.36
(p-value <0.001) for natural breeding to 2.00 for fogging (p-value
<0.001). Trust in GBRMPA was a significant determinant of support for
all interventions except natural breeding and coral seeding, although the
effect sizes were less strong compared to those of trust in science, in the
range of 1.22 (genetic engineering) to 1.30 (rubble stabilization). Trust
in the Federal Government had no significant effect sizes in terms of
support for outdoor trials.

Intervention-specific factors had strong effect sizes associated with
support for all interventions. First, respondents’ self-rated knowledge
about the intervention was a significantly positive determinant of sup-
port for all interventions, with the strongest effect size for rubble sta-
bilization (standardized mean odds ratio = 1.79, p-value <0.001),
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followed by natural breeding (standardized mean odds ratio = 1.44, p-
value <0.001). Whether respondents agreed an intervention looked like
a promising option to help the Reef had a significantly positive effect
size for all interventions except for coral seeding, with the highest re-
ported effect sizes for natural breeding (standardized mean odds ratio =
1.86, p-value <0.001) and fogging (standardized mean odds ratio =
1.82, p-value <0.001). Whether an intervention was perceived as being
ethical in use was a significant predictor for all interventions, with the
strongest effect size for genetic engineering (standardized mean odds
ratio = 1.59, p-value <0.001). Whether an intervention was perceived as
likely to be cost-effective when fully developed only significantly
affected support for rubble stabilization (standardized mean odds ratio
= 1.26, p-value = 0.005) and genetic engineering (standardized mean
odds ratio = 1.23, p-value = 0.008). Finally, whether respondents felt
that the intervention has environmental impacts that can be identified
and tested was a strong determinant of support for outdoor trials for
coral seeding (standardized mean odds ratio = 1.51, p-value <0.001),
genetic engineering (standardized mean odds ratio = 1.48, p-value
<0.001), and cloud brightening (standardized mean odds ratio = 1.40,
p-value <0.001), while a lower effect size was found for natural
breeding (standardized mean odds ratio = 1.18, p-value = 0.046).

Overall, our models explained between 42% and 52% of the total
variance in the support levels for outdoor trials, with respective of R-
squared values of 46% for natural breeding, 42% for genetic engineer-
ing, 46% for cloud brightening, 52% for fogging, 51% for rubble stabi-
lization, and 46% for coral seeding.

3.4. Determinants of public support for large-scale deployment of novel
interventions

As shown in Fig. 3, residents located within 50 km of the GBR
coastline were significantly less likely than other Australian residents to
support coral seeding (mean odds ratio = 0.57, p-value = 0.002). Sup-
port levels did not change significantly between 2018 and 2022.
Demographically, male respondents were significantly more likely to
support cloud brightening (mean odds ratio = 1.37, p-value = 0.007)
and rubble stabilization (mean odds ratio = 1.30, p-value = 0.028),
while older respondents were significantly less likely to support cloud
brightening (mean odds ratio = 0.77, p-value = 0.035), fogging (mean
odds ratio = 0.64, p-value = 0.012), and natural breeding (mean odds
ratio = 0.66, p-value = 0.002). First Nations respondents were signifi-
cantly more likely to support coral seeding (mean odds ratio = 3.11, p-
value = 0.017) and natural breeding (mean odds ratio = 2.55, p-value
<0.001). Respondents with higher education levels were significantly
less likely to support natural breeding (mean odds ratio = 0.77, p-value
= 0.034), while we did not find significant effect sizes associated with
employment status.

Like support levels for small scale outdoor trials, support for larger
scale deployment was generally positively associated with whether re-
spondents felt the GBR is personally important to them. Unlike support
levels for outdoor trials, however, the perceived value of the GBR as a
national asset was not a determinant of support for scaled deployment,
and it was significantly negatively associated with support for genetic
engineering (standardized mean odds ratio = 0.77, p-value = 0.001).
The perceived threat of climate change on the Reef was positively
associated with all interventions, with the protective interventions
(cloud brightening and fogging) having the strongest (standardized)
mean effect sizes, respectively 1.41 (p-value <0.001) and 1.61 (p-value
<0.001). Trust in scientific solutions to help prevent or repair damage to
the Reef was a strong determinant of support for technologies, although
the effect size was lower compared to support for outdoor trials, and
became insignificant for the fogging intervention, which had the
strongest effect size for this predictor for outdoor trials (Fig. 2). Trust in
GBRMPA was a significant determinant of support for all interventions
except natural breeding, and the effect size was the largest for rubble
stabilization (standardized mean odds ratio = 1.45, p-value <0.001).
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Fig. 3. Regression statistics (odds ratios at 95% confidence intervals) for ordinal logistic regression model outcomes associated with support for large-scale outdoor
use of each intervention across the GBR.Note: Outcomes are on a 7-point Likert scale (Fig. 1). Significant predictors are those that do not cross the dotted ‘1’ line.
Non-binary predictors (all predictors below Employment (FT)) were standardized using z-scores. Effect sizes shown in this Figure and discussed in the text can be de-
standardized by multiplying with the standard deviation of the respective indicator (Appendix C, Table 3). Because of the wide confidence interval range for the
effect of the First Nations people predictor on support for the coral seeding (1.22-7.98, mean effect size of 3.11) and natural breeding (1.57-4.17, mean effect size of
2.55) technologies, we included only the mean effect size in the Figure for visualization purposes.

Unlike outdoor trials, trust in the Federal Government became a signifi-
cant predictor of support for the scaled deployment of cloud brightening
(standardized mean odds ratio = 1.20, p-value = 0.006), natural
breeding (standardized mean odds ratio = 1.30, p-value <0.001), and
genetic engineering (standardized mean odds ratio = 1.33, p-value
<0.001).

Intervention-specific factors (see Table 1) had strong effect sizes
associated with support for all interventions. Unlike support for outdoor
trials, the respondent’s self-rated knowledge about the intervention had
a lower effect size on all interventions and became insignificant for all
interventions except rubble stabilization (standardized mean odds ratio
= 1.35, p-value <0.001) and natural breeding (standardized mean odds



H.A. Bartelet et al.

ratio = 1.17, p-value = 0.009). Whether respondents agreed an inter-
vention looked like a promising option to help the Reef had a signifi-
cantly positive effect size for all interventions except for coral seeding,
with the highest reported effect sizes for protective interventions, cloud
brightening (standardized mean odds ratio = 1.41, p-value <0.001) and
fogging (standardized mean odds ratio = 1.58, p-value = 0.001).
Whether an intervention was perceived as being ethical in use was a
significant predictor for all interventions except fogging, with the
strongest effect size for genetic engineering (standardized mean odds
ratio = 1.61, p-value <0.001). Compared to support for outdoor trials,
perceptions of a intervention’s cost-effectiveness became a much
stronger predictor for cloud brightening (standardized mean odds ratio
= 1.23, p-value = 0.007) and fogging (standardized mean odds ratio =
1.40, p-value = 0.002), while for genetic engineering the effect size
became insignificant. Finally, whether respondents felt that the inter-
vention has environmental impacts that can be identified and tested
became a stronger predictor of support, compared to support for outdoor
trials, for all interventions, with the strongest effect sizes for genetic
engineering (standardized mean odds ratio = 1.92, p-value <0.001),
coral seeding (standardized mean odds ratio = 1.85, p-value <0.001),
and natural breeding (standardized mean odds ratio = 1.71, p-value
<0.001).

Overall, our models explained between 37% and 43% of the total
variance in the support levels for scaled deployment, with respective of R-
squared values of 43% for natural breeding, 43% for genetic engineer-
ing, 38% for cloud brightening, 42% for fogging, 37% for rubble stabi-
lization, and 37% for coral seeding.

4. Discussion
4.1. Patterns of support across interventions

The pattern evident across our data of high support for intervention
research and trials and slightly more muted support for large-scale
deployment makes intuitive sense considering the relative novelty of
these interventions. It is also consistent with past research demon-
strating that while people support research on climate interventions
such as stratospheric aerosol injection this does not necessarily lead to
their endorsement of full-scale deployment (Baum et al., 2024; Mac-
naghten and Szerszynski, 2013; Pidgeon et al., 2013). Bearing in mind
that five of our own six intervention descriptions advised respondents
that more research was needed to understand their effects, and all
qualified their outline of benefits and risks as “potential,” it would not be
unreasonable for respondents to conclude interventions are not suffi-
ciently mature for large-scale deployment but deserving nonetheless of
further research and development.

Support did, of course, vary across the interventions, being highest
for coral-seeding across all stages of development from research to
deployment (Fig. 1). Speculatively, this might be explained by early
applications of this intervention receiving positive media coverage using
language such as ‘coral babies’ and ‘coral IVF’ - language evocative of
nurturing and care (Taylor et al., 2019, app. E). It is also possible
coral-seeding, by helping improve the recruitment of wild coral juve-
niles to degraded reefs, was perceived as more natural than the other
interventions we examined. Particularly strong support for coral-seeding
would thus be consistent with studies showing that nature-based climate
solutions such as afforestation and soil carbon sequestration attract
more support and are perceived to have fewer risks than
technology-based alternatives such as space-based geoengineering
(Bertram and Merk, 2020; Jobin and Siegrist, 2020; Wolske et al., 2019).

For three reef interventions — coral seeding, rubble stabilization, and
shading by fogging — tentative support was already evident for large-
scale deployment. In fact, support for these interventions was compa-
rable to those of an existing Reef management practice — the manual
control (or culling) of crown-of-thorns starfish (COTS) — with 71%, 67%,
and 64% of respondents at least slightly agreeing with the scaled
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deployment of coral seeding, rubble stabilization, and fogging respec-
tively, compared with 68% for manual COTS control (Lockie et al.,
2024b).

At the other end of the scale, genetic engineering attracted the lowest
support at all stages of development. However, with only 14% of re-
spondents disagreeing to any extent with small-scale trials of genetic
engineering and 29% disagreeing to any extent with scaled deployment
it is clear there is no widespread opposition to investigating the potential
of this technology to assist reef restoration and adaptation. Older re-
spondents especially showed higher preference for enhancing heat
resistant corals through genetic engineering, indicating greater trust in
technological solutions and novel approaches to enhance reef recovery.
Similar findings are reported by Hobman et al. (2022; Mankad et al.,
2021) who found that 59% of Australians support the use of genetic
engineering to enhance coral resilience.

4.2. Determinants of support

The perceived threat of climate change was consistently associated
with support for intervention trials and deployment. It was most
strongly associated with trials and deployment of protective in-
terventions, suggesting people may become more open to solar radiation
management interventions, such as cloud brightening and fogging, as
climate threats intensify. This might be related to the possibility of
protective interventions having the most immediate impact by reducing
water temperatures above reefs (Condie et al., 2021). Studies of public
attitudes to the use of genetically modified organisms for the purposes of
environmental management or restoration have found that the idea of
‘thresholds of environmental damage’ are influential in public accep-
tance of novel and contentious technologies. Hobman et al.’s (2022)
study of public opinion on the use of genetically modified coral shows
that at certain rates of coral mortality from bleaching, people believe the
use of this technology increasingly justified.

The perceived promise (is this likely to work?), ability to identify and
test impacts (can risks be managed?), understanding (what do I know?),
and ethics (is it right to use?) of interventions were consistently strong
predictors of support for both trials and large-scale deployment. The
perceived cost-effectiveness of interventions, meanwhile, had limited
influence. While all these findings make intuitive sense it is important to
note their consistency with other studies of technological intervention.
Of particular note are findings reported by Hobman and colleagues’
suggesting people are particularly receptive to the idea of applying ge-
netic engineering when benefits are clearly communicated and the
techniques themselves prove more effective than other approaches
(Hobman et al., 2022; Mankad et al., 2021). In our results, under-
standing of interventions became less important as a predictor of sup-
port for scaled deployment while the ability to identify and test
environmental impacts became the major determinant — especially for
the coral-focused interventions (Fig. 3). This underscores the impor-
tance for reef managers of conducting comprehensive risk assessment
and of transparently communicating the findings of such assessments to
the public in an easy-to-understand manner.

Trust in science to provide solutions and trust in the Great Barrier
Reef Marine Park Authority to act in the best interests of society were
also consistently strong predictors of support for both trials and
deployment. It is well known that trust in scientists and management
institutions influences support for potentially controversial in-
terventions such as gene technology (Barnett et al., 2007) and solar
radiation management (Merk and Ponitzsch, 2017). In essence, trust-
worthy scientific and management institutions provide confidence that
meaningful action to address threats will be taken and risks associated
with that action managed appropriately.

In contrast with the importance of trust in science and trust in
GBRMPA, trust in the Federal Government had little influence on sup-
port. This may reflect public understanding of GBRMPA'’s lead role as
manager and regulator of the marine park charged with protecting its
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Outstanding Universal Value under World Heritage listing. For coral-
breeding interventions, however, and to a lesser extent for cloud
brightening, trust in the Federal Government became an important
driver of support levels. This could indicate respondents perceive a need
for more active Federal Government involvement in decisions about
scaled deployment of more technology-based and potentially higher risk
interventions. It could also indicate that public expectations of regula-
tory oversight might differ between interventions with those perceived
as more familiar or nature-based regulated through existing manage-
ment and permit arrangements in the marine park and those perceived
as more novel or risky requiring oversight at the national level. Trust in
regulators have been found to influence public’s perceptions of the
benefits and risks of novel technologies including carbon capture and
storage (Midden and Huijts, 2009) and gene technology (Siegrist, 2000).

Respondents living in proximity of the Reef (<50 km) showed more
support for trials of cloud seeding and lower support for scaled
deployment of coral seeding than did residents of the rest of Australia.
For all other interventions, proximity to the Reef had no significant ef-
fect on support for either trials or scaled deployment. Two potential
explanations for these findings (i.e., that Reef residents have a higher
understanding of these specific interventions or perceive them as more
environmentally risky) can be excluded because these explanations were
included in the regression model. Any remaining effect size from Reef
proximity requires an alternative explanation and further research,
especially because the coral seeding intervention was overall the novel
intervention with the highest support rates. Possibly the most important
point to note is that, for the most part, people living within 50 kms of the
GBR coast do not have markedly different views to their fellow Aus-
tralians. To the extent that place values (the economic, biodiversity,
cultural and/or recreational values people associate with a place) in-
fluence support for intervention in the GBR (Le et al., 2022; Scholte
et al., 2016) they appear widely shared among Australian residents.

Other demographic characteristics had similarly limited bearing on
support for interventions. First Nations status was the one possible
exception to this generalization (showing much higher support levels for
the scaled deployment of coral seeding and natural breeding in-
terventions (Fig. 3)). However, there is considerable variance in the
responses provided by First Nation respondents due to the relatively
small sample (especially for coral seeding which was only measured in
the 2022 survey (Appendix C, Table 3)) and more focused inquiry will be
needed. For the most part, it seems, concern about the condition of the
GBR and belief more should be done to address climate threats (Lockie
et al., 2024a) is sufficiently widespread to override most demographic
differences.

The perceived value of the GBR as a national asset was positively and
meaningfully associated with support for outdoor trials but not with
support for scaled deployment. Given almost all respondents were in
high agreement that the GBR is a major national asset (Appendix C,
Table 3), this suggests many feel that while something must be done
(funded, researched, and trialled) to protect the intrinsic value of the
GBR, interventions should not be deployed prematurely and place those
same values at risk. This finding highlights the need both for careful risk
assessment of intervention deployments and for more public engage-
ment, deliberation, and, in lay terms, difficult conversations about the
trade-offs between intervening and not-intervening in response to global
environmental change. Informing and engaging the public to address
public’s concerns about the risks novel management intervention can
have on the GBR or to people’s everyday lives is needed to create
consensus (Vella et al., 2021).

5. Conclusion

Australian residents, including those living in proximity to the GBR,
offered broad support for research and development of novel in-
terventions to help protect, restore and support adaption of the GBR. The
level of support they expressed did vary across types of intervention and,
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as proposed interventions moved through stages of development from
laboratory testing to small field trials, to larger scale deployments,
support moderated. Despite variability in support for the six in-
terventions, however, it is important to note that the broad trend of
strong support for R&D and moderate support for large-scale imple-
mentation was just as evident of those technologies which have proven
controversial in other contexts (i.e., genetic engineering and solar ra-
diation management through marine cloud brightening and fogging) as
it was of others included in this study. Indeed, there was little evidence
of opposition among Australian residents to the development and
eventual use of any novel intervention included in this study on the GBR.

At face value, this suggests that from the perspective of public
opinion: (1) no interventions should be considered ‘off the table’ for
research and development; and (2) scientists and management author-
ities can be trusted to guide interventions into deployment. While people
are generally more supportive of interventions they perceive as natural
and familiar they become more open to novel technology-based solu-
tions as climate threats and impacts escalate. For many members of the
Australian public, our results suggest, that time is now.

Some caveats, however, need to be placed around this conclusion.
First, it should be borne in mind that while surveys of the kind we have
reported here are useful in understanding attitudes and perspectives at a
population level they are not democratic instruments. They can inform,
but not replace, democratic dialogue over the management of climate
threats in the GBR and other ecosystems. Such dialogue must be
particularly cognizant of the rights and authority of First Nations in the
GBR, the interests of stakeholders including local communities, and the
potential distribution of social and economic impacts arising from
intervention. Second, we have investigated six novel interventions, five
of which are subject to active R&D through the RRAP and one which is
not. While consistency between our results and other research provides
confidence, we cannot discount the possibility that had we used
different descriptions within the survey or asked about different in-
terventions we may have recorded different results. A significant num-
ber of candidate interventions were reviewed and rejected in the 2018
feasibility phase for the RRAP (Anthony et al., 2019; Bay et al., 2019a).
That a considerable number of potential interventions were not included
in this study suggests the possibility that both technical scrutiny and
public scrutiny may lead to further interventions being rejected in the
future.

This study highlights the critical influence of public understanding of
threats to the reef, such as climate related impacts, and the expectation
of the public that appropriate and rigorous regulatory and management
oversight by relevant authorities tasked with protecting the GBR is part
of the process of intervention development and deployment in the World
Heritage Listed marine park. That trust in science to deliver solutions
and the ability to identify and test environmental impacts were identi-
fied as critical to public support for implementation of novel in-
terventions — along with perceived climate threat, trust in the Reef’s
management authority, and ethics — presents a strong case, we believe,
for transparency and, wherever possible, direct First Nations, public and
stakeholder involvement in both R&D and implementation.
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Appendix A. Extended Literature Review: Factors influencing public support for novel ecosystem protection, restoration, and
adaptation interventions

Escalating climate impacts and risks have stimulated calls among scientists for resilience-based approaches to ecosystem management that support
natural processes of resistance and recovery (Lam et al.,, 2017; Mcleod et al., 2019). Resilience-based management builds on the integrated,
multi-scalar approach to social and ecological objectives characteristic of ecosystem-based adaptation (Nalau et al., 2018) through increased focus on
the active management of ecosystem processes to maintain desired values in the face of large-scale social and ecological change (Mcleod et al., 2019).
Resilience-based management calls for improvement in the execution and targeting of traditional management practices such as the protected area
designations, invasive species control, water quality regulations, etc. (Mcleod et al., 2019). However, resilience-based management also requires
innovation to dramatically upscale ecosystem restoration (Gibbs et al., 2021) and develop new options for ecosystem protection and adaptation. While
novel protection, restoration and adaptation interventions for coral reef ecosystems are at varying stages of development (Bostrom-Einarsson et al.,
2020; McLeod et al., 2022), none are sufficiently mature for deployment at a regional or whole-of-ecosystem scale. It is just as relevant, consequently,
to ask what is known about public support for research and field trials as it is to ask what is known about support for widespread deployment.

Solar radiation management (SRM) refers to a suite of technologies designed to control how much solar energy reaches the Earth’s surface (Sovacool,
2021). SRM is generally classified as a type of geoengineering; that is, a deliberate intervention in the climate system to minimize the impacts of
climate change (Sovacool, 2021). It is important to note, however, that SRM can be applied at a diversity of scales (the surface-level fogging and
marine cloud brightening under investigation through RRAP intended for deployment at much smaller scales than technologies such as stratospheric
aerosol injection and space mirrors) and has little in common with greenhouse gas removal technologies (e.g. carbon capture and storage (CCS)) other
than categorization as a form of geoengineering. Care must be taken when interpreting the results of public perception research concerning SRM and
geoengineering to ensure their implications for different technological approaches and scales of application are not confused.

The type of intervention and the scale of implementation, it turns out, both influence public support. Multiple studies find geoengineering in-
terventions perceived to be more natural (interventions such as afforestation and soil-based CO5 storage) receive greater support than those
considered artificial (Baum et al., 2024; Burns et al., 2016; Jobin and Siegrist, 2020; Sweet et al., 2021; Vella et al., 2021). Multiple studies also show
that support is higher for laboratory research and small-scale field trials than it is for large-scale field deployment (Baum et al., 2024; Macnaghten and
Szerszynski, 2013; Pidgeon et al., 2013).

In the only published study to assess a variety of SRM techniques specifically, however, Baum et al. (2024) found little difference in support for
marine cloud brightening, stratospheric aerosol injection, and space-based geoengineering. Respondents from the Global North were best described as
ambivalent toward SRM while respondents from the Global South were significantly more supportive — a difference best explained by the younger age,
higher perceived urgency of dealing with climate change, and greater vulnerability to climate impacts among respondents from the Global South
(Baum et al., 2024). Both cohorts perceived less benefit and more risk from SRM relative to both engineered and ecosystem-based CO;, removal, but
respondents from the Global South evinced significantly higher levels of trust in international organizations to set standards and provide oversight of
SRM, scientific agencies to start testing and development, information and engagement campaigns, and national regulation of SRM technology. Trust
in scientists and relevant management institutions has been found to play a role in assessing support in a number of other sectors including gene
technology (Barnett et al., 2007), hydroelectric power (Siegrist et al., 2000), nuclear power (Visschers and Siegrist, 2013), stratospheric aerosol
injection (Merk and Ponitzsch, 2017) and CCS (Terwel et al., 2009).

Traditionally defined simply as the process of assisting recovery in degraded or destroyed ecosystems, understandings of ecosystem restoration are
increasingly attuned to the diversity of goals relevant to restoration projects (Martin, 2017) including, importantly, the provision of socially beneficial
ecosystem services and planning for future climate resilience (Ren and Coffman, 2023). Active coral reef restoration initiatives are burgeoning in
response to global declines in coral cover and recognition of escalating climate threats (Hein et al., 2017) but historically they have, in fact, been rare
(Bostrom-Einarsson et al., 2020; McLeod et al., 2022). Coral restoration practices are in an embryonic stage of development when compared with
those available for terrestrial and coastal environments (Hein et al., 2017) and suitable for application only at very small scales (Gibbs, 2021). While
the imperative to scale-up restoration practices drives the logic of research programs like RRAP, public support for increased restoration effort in
marine ecosystems cannot be assumed (McLeod et al., 2022). Even at relatively small scales, research suggests that support for coral restoration can
vary depending on context, culture, time, demographics, knowledge levels, values and beliefs (Le et al., 2022).
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How members of the public perceive risks, benefits, costs and opportunities associated with coral reef restoration projects can vary based on
people’s place values (Le et al., 2022; Thiault et al., 2021). Place value — how people value a place, in terms of its economic, biodiversity, cultural or
recreational value - plays an important role in the decision-making process of supporting restoration and conservation efforts (Le et al., 2022; Scholte
etal., 2016). Past studies show for example, that local stakeholders perceive greater value in sociocultural benefits as opposed to ecological ones (Hein
et al., 2019).

Knowledge and understanding of environmental management has been found to reduce perceived risks and increase the perceived benefits of coral
reef restoration in Bali, Indonesia (Trialfhianty and Suadi, 2017). Knowledge was found to be an important element in increasing acceptance of reef
restoration technologies in their early stages of development in Australia (Ritchie et al., 2022) while elsewhere in Bali, where support for coral
restoration was already high, knowledge was linked to a range of subsidiary social benefits associated with increased participation in restoration
(Sebastian et al., 2024). The relationship between knowledge levels and support for ecosystem restoration more generally is mixed, however, with
findings showing that increased knowledge does not always translate into support (Vella et al., 2021). One potential explanation may be that shifts in
attitudes towards new technologies are influenced by factors like misinterpretation of information, political affiliation, or selectively scrutinizing
information (McFadden and Lusk, 2015).

Understanding the values and motivations of publics creates opportunities for aligning the goals of restoration and increasing the likelihood of
public support (Scholte et al., 2016). Noting attitudes are formed through experiences as well as the rational appraisal of information, Scholte et al.
(2016) argue that involving people directly in restoration, where possible, will also increase support. Elsewhere, trust in institutions has been found to
indirectly increase public support for ecosystem restoration in riverine environments, by reducing perceptions of environmental risks and increasing
beliefs in the benefits of environmental interventions (Metcalf et al., 2015).

Assisted ecosystem adaptation interventions are intended to accelerate the evolutionary responses of species or ecosystems to anthropogenic
pressures associated with global environmental change (Lockie, 2024; Vella et al., 2021). Prospective interventions include assisted species migration,
managed or selective breeding, pre-conditioning seed- or brood-stock to changed environmental conditions, and genetic engineering (Hobman et al.,
2022; McLeod et al., 2022). Such interventions may be implemented in parallel with ecosystem restoration projects to maximize opportunities for
long-term climate resilience (Vella et al., 2021).

Mankad et al. (2021; Hobman et al., 2022) investigate correlates of support for the genetic engineering (GE) of corals on the Great Barrier Reef for
heat tolerance. While neither RRAP nor any other research program are actively engaged in genetic engineering research in the GBR, this study
provides useful insight into prospective support for what many scientists will intuitively believe (in light of social conflict over genetically engineered
food) is potentially one of the most controversial adaptation intervention options (Hobman et al., 2022). Despite low self-reported knowledge of gene
editing of coral, respondents expressed moderate to strong support for this technology, a result consistent with prior research suggesting positive
sentiment to synthetic biology applications for environmental or social benefit (Hobman et al., 2022). Respondents perceived coral reef loss as a
significant threat, and believed it was particularly important to find a viable solution for reef conservation (Mankad et al., 2021). The main correlate of
support consequently was the perceived efficacy of genetic engineering relative to other intervention and management options.

Furthermore, research on adaptation and mitigation shows that public responses may also largely depend on their perceptions of risk/threats from
climate change, people’s “beliefs about the existence and characteristics of a natural hazard” (Nigg and Mileti, 2002, p. 280). In other words, support
for novel technologies can be influenced by people’s perceptions associated with the potential threats, the degree of exposure to climate change.
Perceived threats can create issue salience or threat appraisal that can influence attitudes towards restoration interventions (Yang et al., 2014).

In sum, while current advances in reef protection, restoration and adaptation technologies continue to be developed and tested in laboratory
settings, there is a lack of understanding of stakeholder and public perspectives on reef restoration interventions and the factors that influence support
for novel technologies (Mankad et al., 2021). Many of the factors identified to influence support levels of emerging technologies in general in past
studies, however, appear broadly applicable to reef restoration and adaptation interventions. Public support may differ, for example, based on the type
of technology proposed, or the scale of deployment. Attitudes may vary depending on the understanding of the technological interventions, with
public support often influenced by the scientific consensus related to the urgency and effectiveness of proposed interventions (Vella et al., 2021).
Levels of support could be also influenced by the perceived relative benefits, risks, including unforeseen outcomes or costs associated with specific
technologies (Mankad et al., 2021; Vella et al., 2021). Furthermore, public support may be affected by the level of trust in related scientific and
management institutions.

Appendix B. Detailed methodological description

Sampling

The market research company utilised diverse online panels to include participants from different income levels, reducing the likelihood of over-
representing affluent individuals. The market research company also directly managed and distributed incentives to all participants, regardless of
income level. These incentives were designed to appeal to a wide audience, encouraging participation from various socio-economic strata and helping
to balance the sample. The survey was designed to require participants to complete all questions. The survey platform was set up to remind par-
ticipants of any unanswered questions, and they were unable to progress to the next question unless the previous ones were fully completed.

This design ensured that we collected a complete dataset from each participant, eliminating the issue of missing data and allowing us to include all
responses in our analysis without the need for imputation or deletion methods. Data were cleaned by removing surveys that were either not completed
in full (submissions before all sections were finalized) or that were completed in a time not considered feasible in order to maintain quality (i.e. by
“speeders”). For the 2018 survey, a total of 1978 surveys were removed and for the 2022 survey, a total of 2113 surveys were removed. The 2018
survey amounted to a total of 4036 useable surveys (2743 from the national sample and 1293 from the resident sample). The 2022 survey amounted to
a total of 4410 useable surveys (3082 from the national sample and 1328 from the resident sample). Where applicable, questions were randomised to
reduce priming effects. This randomisation was managed by the survey platform, ensuring each participant received a unique question sequence.

Intervention bias

We tested for potential bias in our written framing of each intervention because the survey presented detailed descriptions of a range of
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interventions to a largely non-scientific audience.

Table 1
Overview of whether survey respondents felt that description of the intervention was written in way that was biased, neutral, or in favour of the intervention.

Technology Biased against intervention Neutral regarding intervention Biased in favour of intervention
Cloud brightening 53 (5%) 725 (69%) 278 (26%)
Fogging 34 (6%) 381 (69%) 140 (25%)
Rubble stabilization 54 (5%) 742 (70%) 257 (24%)
Coral seeding 26 (5%) 375 (69%) 141 (26%)
Natural breeding 71 (7%) 695 (66%) 295 (28%)
Genetic engineering 87 (8%) 737 (70%) 229 (22%)

Appendix C. Sample description

Table 3
Sample description.

Indicator Level Frequency (fraction)
2018 2022 Total
Surveys # 2020 (38%) 3300 (62%) 5320 (100%)
Reef proximity >50 km from the GBR 1373 (68%) 2304 (70%) 3677 (69%)
<50 km from the GBR 647 (32%) 996 (30%) 1643 (31%)
Gender Female 1082 (54%) 1742 (53%) 2824 (53%)
Male 934 (46%) 1557 (47%) 2491 (47%)
Age group <50 years 1137 (56%) 1762 (53%) 2899 (54%)
>50 years 883 (44%) 1538 (47%) 2421 (46%)
First Nations people No 1730 (86%) 3177 (96%) 4907 (92%)
Yes 284 (14%) 123 (4%) 407 (8%)
Education (graduate degree) No 1252 (62%) 1781 (54%) 3033 (57%)
Yes 762 (38%) 1519 (46%) 2281 (43%)
Employment (full-time) No 1239 (62%) 1880 (57%) 3119 (59%)
Yes 775 (38%) 1420 (43%) 2195 (41%)
Reef visitation No 753 (37%) 1289 (39%) 2042 (38%)
Yes 1267 (63%) 2011 (61%) 3278 (62%)
GBR knowledge p (10-scale Likert) 5.50 5.02 5.20
[ 2.12 2.16 2.16
Value (national asset) p (7-scale Likert) 6.08 6.34 6.24
c 1.11 0.99 1.05
Value (personal) p (7-scale Likert) 5.24 5.29 5.27
c 1.41 1.36 1.38
Perceived threat (climate) p (7-scale Likert) 5.30 5.52 5.44
c 1.55 1.57 1.56
Trust in GBRMPA p (7-scale Likert) 4.82 5.32 5.13
c 1.36 1.34 1.37
Trust in Federal Government p (7-scale Likert) 3.79 3.81 3.80
[ 1.62 1.60 1.61
Trust in scientific solutions to repair damage GBR p (7-scale Likert) 5.42 5.67 5.58
[ 1.18 1.15 1.17
Trust in scientific solutions to prevent damage to GBR p (7-scale Likert) 5.45 5.73 5.62
c 1.18 1.14 1.16
Awareness (technology) No 1476 (73%) 819 (25%) 2295 (43%)
Yes 544 (27%) 2481 (75%) 3025 (57%)
Understanding (technology) p (10-scale Likert) 4.73 4.78 4.76
c 1.45 1.42 1.43

Appendix D. Support for interventions, summary statistics

Table 4
Australian residents’ (n = 5320) expressed levels of agreement with statements about support for small-scale outdoor trials and large-scale outdoor use of different
interventions across the GBR. Summary statistics. “>4" reflects fraction of total respondents that at least “slightly agreed (5)”.

Funding of research Indoor lab research

Modus Median >4 Modus Median >4
Cloud brightening 6 5 68% 6 5 74%
Fogging 6 6 74% 6 6 78%

(continued on next page)
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Table 4 (continued)

Funding of research Indoor lab research

Modus Median >4 Modus Median >4
Rubble stabilization 6 6 77% 6 6 79%
Coral seeding 6 6 82% 6 6 85%
Natural breeding 6 5 72% 6 6 78%
Genetic engineering 6 5 66% 6 5 73%

Table 5
Australian residents’ (n = 5320) expressed levels of agreement with statements about support for small-scale outdoor trials and large-scale outdoor use of different
interventions across the GBR. Summary statistics. “>4" reflects fraction of total respondents that at least “slightly agreed (5)”.

Small-scale outdoor trials Large-scale outdoor use

Modus Median >4 Modus Median >4
Cloud brightening 6 6 74% 4 5 57%
Fogging 6 6 78% 6 5 64%
Rubble stabilization 6 6 80% 6 5 67%
Coral seeding 6 6 83% 6 5 71%
Natural breeding 6 6 77% 4 5 59%
Genetic engineering 6 5 68% 4 4 48%

Appendix E. RRAP Survey Introductory information for participants

Dear Survey Respondents:

We are undertaking a study to find out your thoughts about the Great Barrier Reef and its management, including potential options for (future)
interventions to sustain the Reef. An understanding of your attitudes will help to inform strategies and actions to help the Great Barrier Reef (GBR).
This research is funded by the Australian Government through the Reef Restoration and Adaptation Program (RRAP). This study is being conducted by
a consortium of research organizations including The University of Queensland.

The survey will take approximately 20-25 min to complete. We appreciate your time. By hitting the next button below, you will agree to have read
and understood the nature of the research as described at the bottom of this page and thus provided informed consent to participate.

If you participate in this study, you will not be identified in the study or final report. All responses will be coded and will be pooled and aggregated
so no individual responses will be identifiable or made available. The information will be stored in a secure environment and will only be accessible to
members of the research team. Your responses will be confidential and any information provided will only be used for the purposes of this research.
Please understand that you are under no obligation to participate and may withdraw at any time without penalty. The findings of this project will be
provided on the UQ Business School website http://www.uq.edu.au/business at the conclusion of the study.

This study adheres to the Guidelines of the ethical review process of The University of Queensland and the National Statement on Ethical Conduct
in Human Research (#2021/HE002586). Whilst you are free to discuss your participation in this study with project staff (contactable on 07 3346
7308), if you would like to speak to an officer of the University not involved in the study, you may contact the Ethics Coordinator on 3365 4584 or on
humanethics@research.uq.edu.au.
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