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Abstract Despite extensive research on the western
Pacific crown-of-thorns starfish (CoTS; Acanthaster cf.
solaris), especially from Australia’s Great Barrier Reef
(GBR), there are persistent knowledge gaps that constrain
understanding and management. Given renewed population
irruptions of CoTS on the GBR, alongside escalating climate
impacts and direct anthropogenic pressures, a quantitative
assessment of knowledge gaps was undertaken to identify
research priorities and guide future efforts. In this study,
27 experts independently scored 206 research questions
across seven Themes and 39 topics, based on four different
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criteria (Knowledge gap, Feasibility, Urgency, and Appli-
cability). These questions were ultimately rationalized into
170 distinct questions, with scores aggregated across merged
questions. Management was the highest scoring Theme for
Urgency, Applicability, and overall. All but six of the 20
top-ranked questions were from the Management Theme and
mainly related to Culling and/ or Monitoring. Most questions
(158 out of 170) also scored highly for Feasibility, suggest-
ing that there are existing methods and technical capabil-
ity available to advance the extensive and diverse range of
research questions that were posed, if resources were made
available. This quantitative assessment provides guid-
ance on the prioritization of potential research that could
improve management of CoT'S populations to improve coral
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protection outcomes on the GBR. This study also suggests
that there are limited constraints to undertaking necessary
research to address many of the persistent knowledge gaps
relating to CoT'S.

Keywords Coral reefs - Disturbance - Expert elicitation -
Management - Outbreaks - Prioritisation

Introduction

Managing coral reefs in the face of escalating disturbances
and increasing anthropogenic pressures represents a
considerable challenge, especially given that most major
disturbances (in particular, those linked with environmental
change) cannot be effectively managed locally and
directly (e.g., Bellwood et al. 2019). Population irruptions
(commonly referred to as outbreaks; Babcock et al. 2020)
of crown-of-thorns starfish (CoTS; Acanthaster spp.) are
one of the few major disturbances on coral reefs that may
be amenable to direct intervention, either by increasing the
timeliness, efficacy and/ or extent of direct control (Castro-
Sanguino et al. 2023; Rogers et al. 2023; Matthews et al.
2024), and/ or effectively addressing the anthropogenic
factors (e.g., increased land runoff or overfishing) that
cause or exacerbate population irruptions (Babcock et al.
20164, b; Hoey et al. 2016, Pratchett and Cumming 2019).
There have been substantial advances in the effectiveness
of direct management interventions (Westcott et al. 2020,
Matthews et al. 2024) to suppress CoTS densities and
thereby reduce local coral loss and enhance resilience.
These accomplishments have been underpinned by targeted
research to address specific management priorities (e.g.,
Fletcher et al. 2020; Plagéanyi et al. 2020; Rogers et al.
2023). However, there are also extensive knowledge gaps
that constrain further improvements in CoI'S management
(Babcock et al. 2016a, b ; Hoey et al. 2016; Pratchett et al.
2021), including uncertainty regarding the proximal and
ultimate cause(s) of population irruptions (Pratchett et al.
2014), which hinders predictions regarding where and
when elevated densities may occur. Rapidly changing
environmental (Heron et al. 2016) and habitat conditions
(Hughes et al. 2017; Byrne et al. 2025) may also lead to
fundamental changes in the population dynamics of CoT'S,
and corresponding effects on reef ecosystems. Like many
coral reef organisms, CoTS are sensitive to changing
environmental and habitat conditions (Lamare et al. 2014,
Uthicke et al. 2015, Caballes et al. 2017, Hue et al. 2020,
Lang et al. 2022, Byrne et al. 2023). It is, however, still
unclear how these changes will influence population
irruptions of CoT'S and their corresponding impacts on coral
reef ecosystems.
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On Australia’s Great Barrier Reef (GBR), there have
been four separate population irruptions of Pacific CoTS
(Acanthaster cf. solaris) since the 1960s (Pratchett et al.
2014). Distinct population irruptions tend to start in
the northern section of the GBR, but then spread (e.g.,
Vanhatalo et al. 2017) and affect up to 17% of reefs (Hoey
and Chin 2004). Recurrent population irruptions of CoTS
were a major contributor to sustained coral loss recorded
up until 2016 (De’ath et al. 2012, Mellin et al. 2019).
De’ath et al. (2012) estimated that coral cover on the
GBR would have increased during the period 1985-2012,
rather than exhibiting a 50.7% decline, were it not for
population irruptions of CoTS (see also Castro-Sangino
et al. 2021). Since that time, there has been further coral
loss attributable to CoTS (Matthews et al. 2024) with
renewed population irruptions recently detected in the
northern GBR (Chandler et al. 2023, Uthicke et al. 2024b),
though climate-induced coral bleaching is increasingly
recognized as the foremost cause of contemporary coral
mortality (Bozec et al. 2022, Emslie et al. 2024a, b). Rapid
and substantial reductions in emissions are therefore
needed to minimize devastating and escalating effects of
environmental change (Ortiz et al. 2014). However, this
also provides renewed imperative to suppress population
irruptions of CoT'S (e.g., Condie et al. 2021), to minimize
coral loss, mitigate the effects of environmental change,
and maximize opportunities for natural adaptation.

Population irruptions of CoT'S have been variously attrib-
uted to particular life-history characteristics, especially very
high fecundity (Babcock et al. 2016a; Pratchett et al. 2021)
and variable recruitment (Wilmes et al. 2018) that predis-
pose CoTS to pronounced fluctuations in population size
(Uthicke et al. 2009, Deaker and Byrne 2022). However,
major changes in population modality (from persistent low-
density populations to abrupt, but short-lived population
irruptions) are often ascribed to physical or biological fac-
tors that potentially disrupt normal population regulation
(e.g., predatory release due to overfishing, Endean and Sta-
blum 1973; release from nutritional constraints that other-
wise limit larval development and survival, Birkeland 1982).
Even if CdT'S are pre-disposed to population irruptions, this
does not explain the recurrence of population irruptions
at seemingly regular (15-17 years) intervals on the GBR
(Babcock et al. 2020). Such oscillations in the appearance
of high densities of adult CoTS are most likely attributable
to changes in resource availability (Caballes et al. 2016,
Pratchett and Cumming 2019). For CoTS, resource limi-
tation may occur i) among coral-feeding adults, whereby
fecundity (if not growth and survival) is constrained by
availability of preferred coral prey (Caballes et al. 2016), ii)
during ontogenetic shifts in the diet and habitat of juvenile
CoTS, which may be constrained by access to coral prey
(Deaker et al. 2020, Wilmes et al. 2020), iii) for juvenile
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algal-feeding CoT'S, where settlement, growth, and devel-
opment are affected by accessibility to different species of
crustose coralline algae (Doll et al. 2023; Jensen et al. 2025,
Llarena et al. 2025), or iv) during larval development, which
may be constrained by availability of planktonic prey (Lucas
1982, Brodie et al. 2005, but see Olson 1987, Wolfe et al.
2015, Allen et al. 2019).

The purpose of this study was to quantitatively assess
different knowledge gaps and potential research opportu-
nities pertaining to the understanding and management
of recurrent population irruptions of CoT'S on Australia’s
GBR. This study builds upon the compilation of extensive
and diverse research questions that were posed by invited
experts, who were actively involved in CoT'S research on the
GBR (Pratchett et al. 2021). The scale and scope of research
questions were constrained by asking experts to articulate
distinct knowledge gaps that would improve understanding
and management of CoTS and thereby help to reduce (or
reverse) declining coral cover on the GBR. When originally
presented (Pratchett et al. 2021), distinct research questions
were arranged into 48 topics across seven Themes, highlight-
ing extensive opportunities for further research and offering
a roadmap to guide future research efforts. There was not,
however, any attempt to assess the relative importance or
prioritization of these different questions, topics, or Themes.

Such quantitative analyses are a critical next step to ration-
alize and prioritize the extraordinary breath of proposed
research. In this study, original participants (from Pratchett
et al. 2021) were invited to score each distinct research ques-
tion (from 1 to 4) for each of four different criteria (Table 1).
The scores were analyzed and ranked across each of the
four different criteria to facilitate prioritization of a broad
and diverse range of perceived knowledge gaps, following
established quantitative horizon scanning methods (e.g.,
Wilson et al. 2010, Cvitanovic et al. 2021). A systematic,
data-driven prioritization of research needs can help focus
scientific efforts, guide funding allocation, and ensure that
management actions are grounded in the best available evi-
dence. By integrating ecological, environmental, and social
dimensions, such assessments support the development of
targeted, adaptive, and scalable responses to mitigate the
impacts of CoT'S outbreaks.

Methods

An extensive and diverse set of research questions was
posed by 38 (out of 50 invited experts) that were actively
undertaking research or have previously published peer-
reviewed international journal articles on Pacific CoTS

Table 1 Prioritization criteria and categories for scoring individual research questions

Discrete categories for each of the four different criteria (in bold)

Score

A. Extent of knowledge gap

We know everything on this topic
We know enough on this topic
We know a little bit on this topic
We know nothing about this topic
B. Feasibility/achievability

B LW N =

None out of three of these components: i.) resource availability; ii.) knowledge of system and technical capability; iii.) existing and 1

validated methodology

One out of three of these components: i.) resource availability; ii.) knowledge of system and technical capability; iii.) existing and 2

validated methodology

Two out of three of these components: i.) resource availability; ii.) knowledge of system and technical capability; iii.) existing and 3

validated methodology

Three out of three of these components: i.) resource availability; ii.) knowledge of system and technical capability; iii.) existing and 4

validated methodology
C. Urgency
Not urgent, can be addressed within the next 30 years
Somewhat urgent, can be addressed within the next 15 years
Urgent, needs to be addressed within the next 5 years
Very urgent, needs to be addressed within the next 2 years

D. Applicability/relevance to management

Has academic value, but limited application to management (i.e., blue sky research)

Mainly pure science, but has potential to be applied in management

Has some relevance and application for management, but challenging to implement

Immediately relevant and implementable within current management regimes

AW D~

AW O =
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«Fig. 1 Scoring of questions within Themes for criteria: A Knowledge
Gap, B Feasibility, C Urgency, D Applicability, and the pooled E
Overall score. Means are indicated by solid black circles, and medi-
ans are indicated by the colored solid line. Different lowercase let-
ters on the left-hand side are significantly different based on pairwise
post hoc comparisons of means. Themes on the y-axis are arranged in
descending order of means

(Acanthaster cf. solaris) within, or collected from, Aus-
tralia’s GBR. These 38 researchers posed a total of 251
distinct and concise research questions (either indepen-
dently or part of a consortium), though five questions were
considered out of scope and/ or not relevant to the GBR
and thus removed from the sample (Pratchett et al. 2021).
The restricted geographic focus of this study, on Austral-
ia’s GBR, was justified, given the seemingly unique mani-
festation and proliferation of recurrent population irrup-
tions in this region (Pratchett et al. 2014), and because
the vast majority of research on CoTS was conducted
on the GBR (Uthicke et al. 2024a), thereby helping to
align the research priorities with management objectives
and opportunities specific to this jurisdiction (GBRMPA
2024). Moreover, it is now understood that Acanthaster is
a species complex (Haszprunar et al. 2017, Worheide et al.
2022) and that the Pacific species that occurs on the GBR,
nominally Acanthaster cf. solaris, is ecologically distinct
(Foo et al. 2024; Uthicke et al. 2024a).

To organize the 246 discrete and concise questions origi-
nally posed, questions were allocated to one of 48 topics
across seven different Themes (Fig. 1), which revealed
notable similarity among some questions posed by different
researchers (Pratchett et al. 2021). This was rationalized by
simply removing seemingly redundant questions (based on
independent assessment by the core groups of researchers),
without altering the wording of any individual questions. In
the current study, however, to verify this process we asked
the original proponents to identify any apparent overlap
(redundancy) between individual questions that they pro-
posed versus the broader set of research questions (following
Cvitanovic et al. 2013). This reduced the total number of
distinct research questions to 206, though it was apparent
that there was still significant overlap among some ques-
tions (as explained below). To assess the relative priority of
different research questions, the original contributors were
then asked to score each of the 206 seemingly distinct ques-
tions against four different criteria: Knowledge gap, Feasi-
bility, Urgency, and Applicability (Table 1). Experts were
required to score each of the different criteria to just one of
the discrete categories (Table 1), which were ordered from
1 (lowest priority) to 4 (highest priority). Proponents were
also asked to self-assess their expertise across each of the
seven Themes, indicating whether they did or did not have
relevant expertise. In some instances, proponents did not
score questions outside of their stated area of expertise. Of

the 38 experts that submitted questions, 27 scored the dis-
tinct research questions (hereafter referred to as proponents),
scoring between 37 and 204 questions, depending on their
research expertise and capacity to effectively assess differ-
ent research topics. In total, we obtained 3917 independent
scores across all 206 research questions, with a minimum of
15 scores for each question.

During scoring and analyses for the 206 questions, a
further 34 research questions were identified that were
potentially redundant by the various proponents, which
largely reaffirmed the opinions of the core team from the
previous assessment (Pratchett et al. 2021). We therefore
undertook to re-write relevant questions to redress apparent
overlap and redundancy, and scores provided for each of the
original questions were averaged for overarching analyses.
For example, there were three distinct questions relating
the microbiology or microbiome of CoTS larvae, albeit
emphasizing different components, that were merged into a
single question Q3 (How variable is the microbiome of larval
CoT'S and does this influence survival when food-limited?).
A further two questions published in Pratchett et al. (2021)
were not scored and therefore disregarded, either because
they were seemingly resolved (What is the natural diet of
CoTS larvae?) or the meaning and underlying assumptions
were not clear (Where are juveniles between outbreaks?).
Relative ranking of questions and Themes was based on the
average of raw scores. There was a weak, but significant,
effect of the number of proponents that scored each
question and the raw score (r2:0.12, df=168, p<0.01),
but detrending raw scores did not affect the ranking of topics
or Themes, and residuals ranged from —0.12 to 0.28 among
questions.

To examine differences in the Scores between Themes
(overall and under each criterion), we modeled proportional
score data using beta regression. The original score variable
ranged from 1 to 4 and was rescaled to the open interval (0,
1) using a standard transformation: Scoreﬂ= (Score —1)/3.
To avoid exact 0 or 1 values—problematic for beta
distributions—we applied a continuity correction
following the approach of Smithson and Verkuilen (2006):
Scoreﬁ: [Scoreﬁx (n—1)+0.5]/n, where n is the sample
size. Beta regression was implemented using the betareg
package (Cribari-Neto & Zeileis 2010) in R version 4.3.2 (R
Core Team, 2023). This method is appropriate for modeling
dependent variables that are continuous and bounded
between O and 1, particularly when the distribution is
asymmetric or heteroskedastic. We then fitted a model with
Theme as the predictor of the rescaled scores and compared
it to a null model (intercept only) using a likelihood ratio
test to evaluate the significance of thematic differences in
scoring. Pairwise post hoc comparisons between Themes
were conducted using estimated marginal means with
Benjamini—-Hochberg (BH) adjustment for multiple testing
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using the emmeans package in R. To visualize shifts in
perceived importance of research Themes across different
scoring criteria, we constructed a bump chart using the
ggplot2 and ggbump packages in R. Mean scores per Theme
were compiled and ranked for each criterion. Faceted plots
were used to display score distributions (mean score + SD)
across criteria, enabling comparison of Topic prioritization
within and across Themes.

Results

A total of 170 distinct research questions were analyzed
in this study (Table 2), across seven Themes and 39 topics
(Fig. 1). The distribution of questions among distinct Themes
and specific research topics has been presented previously
(Pratchett et al. 2021), but ranges from 13 to 38 questions
among Themes and from 1 to 12 questions per topic. The
range of scores assigned for each topic and Theme generally
encompassed the full range of possible scores (from 1 to
4), though there were conspicuous differences in the mean
and mode, especially when considering different criteria
(Figs. 1 and 2). For Knowledge gap, the mode was >3 for
all Themes, indicating incomplete or insufficient knowledge.
Very few respondents suggested we had complete (score=1;
0.55%) or even sufficient (score =2; 10.84%) knowledge for
any of the 170 questions. The two questions where most
respondents suggested that there was sufficient knowledge
(scores <2) were Q16 (How do local impacts of COTS vary
with their population size and structure?) and Q83 (Can we
identify COTS DNA in gut samples of putative predators on
juvenile and adult starfish?). Conversely, 163 (out of 170)
questions were assigned the maximum score (4) by at least
one of the proponents. The mean and mode for the Feasi-
bility were also consistently high (>2.5) across all Themes
(Fig. 1), indicating that necessary resources, capability,
and methods already exist to address many of the current
research questions. For 158 of the questions, at least one
proponent (and up to 13 out of 27 proponents) suggested
that there were no constraints (score =4), whereas at least
one proponent suggested that there were comprehensive
constraints (score = 1) for some questions (n=108 ques-
tions), especially in the Management theme. The specific
questions for which > 10 proponents scored Feasibility as
1 were Q87 (What are the natural predation rates on COTS
gametes and larvae?) and Q132 (Is genetic control of COTS
a viable option for COTS control and are associated risks
socially acceptable?).

The mean and mode of scores for the Urgency crite-
ria (where scores >3 indicate that research needs to be
conducted within next 5 years) and Applicability (where
scores > 3 indicate question with direct application for
improved management) were much more variable than for
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Knowledge and Feasibility, among Themes (Fig. 1), topics
(Fig. 3), and questions (Table 2). There was also generally
close alignment in the ranking of Themes based on Urgency
and Applicability, which had a major influence on overall
rankings (Fig. 2). For Urgency, the range of scores for indi-
vidual questions and research topics (among proponents)
was particularly pronounced (Fig. 1), and the mode was <2
for 103 (out of 170) questions. Overall scores were much
lower for questions related to Feeding ecology and Predation
on CoT'S, compared to Management (Fig. 1). For Applicabil-
ity, scores were consistently high (modes mostly 3 or 4) for
questions related to Management. The only question within
this Theme where most proponents suggested that Applica-
bility was limited (<2) was Q145 (How can giant triton be
cultured for the purpose of suppressing low-density popula-
tions of COTS?). By contrast, most of the questions within
the Theme of Feeding ecology were considered to have very
limited application, with two notable exceptions: Q6 (Are
CoTS larvae more abundant in areas with elevated nutrients
and/ or higher abundance of phytoplankton?) and Q11 (Can
fluctuations in availability of coral prey explain boom and
bust cycles of COTS populations?).

Overall, there was significant variation in scores among
Themes (y*=242.96, df=6, p<0.001), reflective of
significant differences for each of the individual criteria:
Knowledge Gap (y*=43.58, df=6, p <0.001), Feasibility
(?=52.14, df=6, p<0.001), Urgency (y*=318.83, df=6,
p<0.001), and Applicability (y*=637.31, df=6, p<0.001).
The ranking of different Themes varied depending on the
specific scoring criteria (Fig. 2), with questions related to
Settlement (mean score=3.41) and Environmental change
(mean score =3.29) considered the foremost priorities when
considering the extent of current knowledge. Environmental
change was also the highest priority (mean score =2.93)
based on Feasibility. Questions relating to the Feeding
ecology of CoT'S ranked very high (mean score =2.84) in
terms of Feasibility, but scored very poorly for Knowledge
gap, Urgency, and Application (Fig. 2). The top-ranked
Theme for both Urgency and Applicability was Management,
though the Feasibility of many of these research questions
was considered very low (as described above).

Within most Themes (Settlement, Demography, Environ-
mental change, Predation, and Feeding ecology), the scoring
and ranking of different research topics was fairly consistent
across different criteria (Fig. 3). However, for Predation, the
extent of current knowledge and research constraints varies
depending on the specific life stage of CoT'S being consid-
ered. In particular, scores for questions on predation of lar-
vae were high for Knowledge gap, but lower for Feasibility,
compared to questions on adult predation (Fig. 3). Within
the Management Theme, there were marked differences
among specific topics; questions on the topic of Culling
scored very high (mean=3.74) for Applicability, and high



Coral Reefs

Table 2 Mean scores for each of the top 20 questions (based on over-
all expert scores) within corresponding Themes and Topics and mean
scores for each criterion: Knowledge gap (KNW), Feasibility (FSB),
Urgency (URG), and Applicability (APP). Scores>3.00 (75th per-
centile) are shown in bold, and scores >3.6 (90th percentile) shown

in red. Overall mean scores (column 4) are calculated based on the
overall scores of each expert, not the mean criteria scores (columns
5-8). n indicates the maximum number of proponents (out of 27) that
scored each question against one or more different criteria

Theme Topic Question

Overall KNW

FSB

URG APP

Management Culling

Q124-What changes in surveillance 25

techniques and culling procedures
will further enhance the efficiency
and effectiveness of manual
control?

Management Culling
release

Q128-Does the culling program 26

the juveniles from

competition with adults thereby

triggeri

ng a transition to

corallivory?

Management Culling

Q125-What is the optimal allocation 24

of current control capacity to
maximize reef-wide ecological
benefits?

Management Culling

Q127-Are there potential negative 25

effects (e.g., creating chronic
population irruptions) of
ineffective culling?

Management Culling

Q126-What proportion of COTS are 25

detected or missed during culling
at a given reef location?

Management Monitoring

Q116-What proportion of CoT'S are 26

detected/missed using different
surveillance methods, and in
different habitats?

Management Monitoring

Q122-Can changes in settlement 26

rates or juvenile densities in the

lead up

to initiation of population

irruptions be detected?

Distribution and abundance Incidence of population irruptions Q58-Where exactly do primary 26
outbreaks initiate in the northern

GBR?
Management Monitoring

Q117-Can we use eDNA as an early 25

warning tool in conjunction with
other monitoring?

Management Monitoring

Q115-Do current surveillance 26

methods provide an accurate
representation or suitable proxy for
the overall abundance of CoT'S at
individual reefs?

Management Monitoring

Q120-Can COTS larval sampling 25

be used to detect the early onset

of new

and renewed population

irruptions?

Distribution and abundance Connectivity Q80-Are
models
data on

predictions of connectivity 23
supported by empirical
the differential occurrence

of population irruptions of COTS

among
Management No-take marine reserves

reefs and regions?

Q148 Will increasing the spatial 27

extent of no-take areas serve to
prevent or delay recurrence of
population irruptions of COTS?

3.40

3.40

3.36

3.36

3.35

3.33

3.32

3.31

3.30

3.25

3.21

3.19

3.19

2.88

3.92

3.09

3.32

2.88

3.08

3.50

3.04

3.08

2.73

3.32

3.18

3.15

3.21

2.84

2.81

292

3.24

3.28

2.73

3.00

3.13

3.28

3.00

3.32

2.96

3.46

3.44

3.08

3.58

3.60

3.12

3.46

3.20

2.83

3.00

2.95

2.83

3.88

3.42

3.75

3.76

3.88

3.69

3.58

3.73

3.60

3.77

3.40

343

3.59
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Table 2 (continued)

Theme

Topic

Question

Overall KNW

FSB

URG APP

Distribution and abundance

Demography

Predation

Management

Settlement

Management

Incidence of population irruptions

Ontogenetic shifts

Abundance of predators

Monitoring

Habitat and substrate preferences

Monitoring

Q55-Are there reefs or regions that
are consistently among the least or
worst affected by COTS outbreaks
(i.e., bright and dark spots)?

Q42-Can the density and size-
structure of low-density
populations provide insights
into the mechanisms leading to
population outbreaks?

Q84-Are important COTS predators
more abundant on reefs closed to
fishing?

Q118-How does eDNA detection
and levels vary with local size and
abundance of COTS versus other
environmental factors (e.g., current
flow and sampling season)?

Q105 Where do COTS settle across
reefs within the outbreak initiation
box?

Q123-Can eDNA (or RNA) be used

26

26

25

19

25

3.18

3.17

3.16

3.15

3.14

3.14

2.96

3.37

3.04

3.53

3.32

3.23

3.19

3.02

3.12

3.00

2.68

2.95

3.20

3.08

3.04

3.32

2.59

2.80

3.35

3.19

3.32

3.11

3.32

3.25

to assess abundance of COTS
when they are very small or rare?

Management Trophic cascades

Q151-How has fishing affected the 25

3.14 313 296 3.08 3.40

abundance and function of not
only target species, but also lower
trophic levels that are potentially
important in regulating COTS
populations?

for Feasibility (mean=23.00) and Urgency (mean=23.43). In
contrast, questions on the topic of Biocontrol were scored
very low (mean =1.78) for Feasibility and had moderate
scores for Applicability (mean =2.87). Within the Distri-
bution and abundance theme, some topics (most notably,
Connectivity) had high scores for Feasibility and Applica-
bility, whereas the Feasibility of other topics (e.g., Stock-
recruitment relationships) was considered to be more moder-
ate, even though the scores for Applicability and especially
Knowledge gap were high. Overall, the top-ranked topics
were Culling and Monitoring, both of which are within the
Management Theme (Fig. 3).

Individual questions that had highest overall scores
came mostly from the Management Theme (Table 2) and
mainly related to Culling and/or Monitoring (e.g., Q124.
What changes in surveillance techniques and culling pro-
cedures will further enhance the efficiency and effective-
ness of manual control?). All but six of the 20 top-ranked
questions (where overall scores were >3.14) were from
the Management theme. Of these, there were three ques-
tions from the Distribution and Abundance Theme and one
from each of the Demography, Predation, and Settlement
Themes. Several of these questions that were not from the
Management Theme (Q58, 42, and 84) scored > 3 across all
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criteria. The top-ranked question based on Knowledge Gap
was Q128 (Does the culling program release the juveniles
from competition with adults thereby triggering a transi-
tion to corallivory?). The top-ranked questions for Feasi-
bility were mainly from the Environmental Change Theme,
including Q157 (Can COTS larvae, juveniles, and adults
withstand elevated temperatures associated with increasing
incidence and severity of marine heatwaves?) which had
the same mean score (3.42) as Q16 (Do COTS prey on the
entire colony and can coral colonies recover after partial
predation?). The top-ranked question for Urgency (Q126)
and Feasibility (Q124, Q126) was among the top-ranked
questions overall (Table 2).

The expertise of the 27 proponents relevant to each of
the seven Themes ranged from 25.9% for Demography up
to 63.0% for Distribution and Abundance (Fig. 4). While
the top-ranked Themes (Management and Distribution and
Abundance) were those that most proponents (> 50%) con-
sidered an area of expertise, the rankings for other Themes
did not correspond to levels of expertise. Most notably, the
Theme for which there was the lowest level of expertise
(Demography; 25.9%) had higher average overall scores
than several other Themes, including Environmental Change,
where there was much greater expertise represented (Fig. 4).
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Discussion

This study provides a quantitative basis for comparing
among extensive research activities that have been proposed
to improve understanding and management of population
irruptions of Pacific CoTS (A. cf. solaris) on Australia’s
GBR (Supplementary Table, see also Pratchett et al.
2021). Establishing the foremost priorities for ongoing
CoTS research is important given renewed population
irruptions have recently been detected in the northern
GBR (Chandler et al. 2023; Uthicke et al. 2024b), while
climate change continues to cause extensive and widespread
coral bleaching and mortality throughout the GBR (Byrne
et al. 2025, McWilliam et al. in review). It is also apparent
that despite the recognized importance of effective CoT'S
management in securing the future outlook of the GBR
(e.g., GBRMPA 2024), and extensive funding for CoTS
management and research (Fletcher et al. 2021), there will
be inevitable constraints (both in terms of funding and
research capacity) to simultaneously advance the extensive
research represented across all 170 questions proposed
herein. For example, the CoT'S Control Innovation Program
(CCIP) considered 86 knowledge gaps across 6 programs (i.
Biology and ecology, ii. Population control, iii. Monitoring
and surveillance, iv. Proximal causes of outbreaks, v. Social
acceptability, regulatory, and institutional arrangements,

and vi. Decision support and modeling), from which 12
research opportunities were selected using a structured
decision-making (SDM) process (Fletcher et al. 2021).
The CCIP SDM process, which involved many of the same
proponents as here, was conducted independently with a
much broader scope, employing a more structured approach
to identify specific knowledge gaps. There are, therefore,
opportunities to i) explicitly compare how these distinct
processes compare in establishing the range of knowledge
gaps where the research scopes overlap and ii) understand
how perspectives, knowledge, and priorities of the experts
contributing to this and previous works (Fletcher et al.
2021; Pratchett et al. 2021) align with and differ from those
of international researchers, Indigenous Peoples, and the
broader public, but these are outside of the scope of this
study.

The 27 proponents, all of which have demonstrated
expertise in CoTS research, varied in their assessment
of individual questions, likely reflecting differential
research bias and interests, as shown for horizon scans
on other topics (Wilson et al. 2010). Notably, most of the
proponents (>50%) considered themselves experts in each
of the top-2 ranked Themes, though these are arguably also
among the most diverse Themes, which is reflected in the
breath of individual questions therein. Scoring across the
four criteria (Knowledge gap, Feasibility, Urgency, and

@ Springer



Coral Reefs

Management Knowledge Gap Feasibility Urgency Applicability
Culling~ I I D - S N
Monitoring I #EE - S - S
Trophic cascades E - | e el 0 S 00000
No-take Maring reserveg: s sminees I $# $E S =
Water quality : r = [ = I S S
Chemical atfractants or dispersantg:----------=-- === I — I —
Biocontrol : L I D I — S
Enhancing predator abundance or function---- I EEEESS— I I I

N
w
-
N
w
-
—_d
N
w
-
-
N
W
N,
-
N
w
o

Distribution and abundance Knowledge Gap Feasibility Urgency Applicability
—

Connectivity —— e —— —— e —
Incidence of population irruptions —— —— f— —— E——
Stock-recruitment relationship-- —— —— —— " —
Exposure and habitat use —— —— ——— ————— ———
Larval dispersal —— —r—— E———— —— ——
Movemer“ ' 1 1 1 1 1 ' ) ] 1 1 ] ' ' ] 1 ) 1 ' )
1 2 3 1 3 4 2 4 1 2 3 4 1 2 3 4
Settlement Overall Knowledge Gap Feasibility Urgency Applicability
Environmental constraints = — 1 A = ———
Habitat and substrate preferences: - —— | 0 sl 000 = I
Cues = nnsnnes — EEENESSy — B . —
Rates —— 1 , RS , D S ' , S i
1 2 3 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
ey Demography Knowledge Gap Feasibility Urgency Applicability
% Demographic shifts i —— — — — —_—
° Population collapse and pathogenesis - —— = — e B —e—
= Ageing -~ —— e — By =
~ Reproduction = =, —— ——— ——
) Ontogenetic shifts —— = —— e =
£ Larval mortality —o— —— — = — = —
) Density dependence =0 — o —— — —
: Larval C|0nlng ) ) 1 1 1 ) ) ) ) 1 1 1 ) ) ) 1 1 1 ) 1
= 1 2 3 1 3 4 2 3 4 2 3 4 2 4
Environmental change Knowledge Gap Feasibility Urgency Applicability
Elevated temperature - swwwseessssssssseesssssssnnnes T — I — N — I
Coral bleachin o= IS — Iy [ o
Changing habifat structure «swswssswwswsessssssssessens - 4D S S .
1 2 3 2 4 1 2 3 4 2 3 4 2 4
Predation Knowledge Gap Feasibility Urgency Applicability
Abundance of predators «=w-«wsssmwesssssaseeeee S | aal 00 el 0 o |
Juvenile predators T o= IS — | ———
Identifi/]ing Predaforsi-esesmrssssssammmeserrmsssaseomnaraseey L o | oall 00 o | | e
Sublethal predation I - I |
Larval i)redators [ ol 0 | ===
Indirect effects of predators «--«-wswwwssssssssssseeess L aa I — [ — ==
Adult predators L , IS NS , ;
2 3 4 1 3 4 1 2 3 4 1 2 3 4 2 4
Feeding ecology Knowledge Gap Feasibility Urgency Applicability
Larvae L = IS — | e | o
Adults T === I I
Ecological consequenges = ==ssmseeseees I o N> — S |
Juveniles L , IS N , I
1 3 4 1 2 3 4 1 2 3 4 2 4 1 2 3 4

Mean Score £ SD
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Applicability) also revealed both consistent patterns and  questions within the Management Theme, and especially for
important contrasts among research Themes and topics.  topics of Culling and Monitoring (Fig. 1), reflect the close
However, overall scores (averaged across proponents and  alignment with specific assessment components for Urgency
criteria) highlighted the Management Theme as the foremost ~ and Applicability, where the latter explicitly considered
priority for additional research (Table 1). The high scores for ~ relevance to management (Table 1). There is, however, a
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that they had expertise relevant to each of the 7 Themes, based on self-assessment. B Average overall scores for each of the same 7 Themes

recognized need for additional research to further refine
and enhance the efficacy of CoT'S management on the GBR
(Westcott et al. 2020, Castro-Sanguino et al. 2023), as well
as explicitly assessing the long-term efficacy of different
management approaches. Moreover, proponents (for both
original questions and subsequent scoring) were explicitly
asked to consider specific research activities that could
improve management of population irruptions of CoT'S on
Australia’s GBR (Pratchett et al. 2021). Even so, scores for
Urgency and Applicability were generally lower than for
Knowledge gap and Feasibility. Knowledge gap scores were
uniformly high, with most questions rated > 3, indicating
widespread recognition of incomplete understanding across
questions and Themes. In contrast, Feasibility scores, though
generally high, showed greater variation, particularly for
management-oriented questions where necessary tools and
resources were sometimes lacking despite clear knowledge
gaps. Urgency and Applicability were far less consistent,
with Management questions typically ranked highest for
both, while questions in Themes such as Feeding ecology
and Predation received lower urgency and limited perceived
application despite often scoring well for feasibility. This
divergence highlights an important disconnect—questions
that are tractable (high feasibility) are not always seen as
time-critical or management-relevant, while those of greatest
applied value (e.g., culling and monitoring strategies) are
sometimes constrained by practical limitations. Moreover,
of the 40 questions that scored > 3 for Applicability, there
were 15 (37.5%) that were outside of the Management
Theme, mostly (9 questions) in the Distribution and
abundance Theme. Questions within the Distribution and
abundance Theme ranked poorly based on Knowledge

gap, reflecting extensive and ongoing research into the
abundance of CoTS on the GBR (e.g., Chandler et al. 2023,
Emslie et al. 2024a,b), but this research is nonetheless
considered important, especially for understanding the
initiation and spread of population irruptions (Table 2).
Furthermore, Themes such as Settlement and Environmental
change consistently scored high for both Knowledge
gap and Feasibility, whereas Management dominated
rankings for Urgency and Applicability, driving overall
priorities. These patterns suggest that while fundamental
knowledge deficiencies are broadly acknowledged, research
prioritization is strongly shaped by the perceived immediacy
of management needs and the availability of methods to
deliver actionable outcomes.

The bounds of the seven research Themes used to organize
and assess the 170 distinct research questions are admittedly
arbitrary and there are some questions that are relevant
to multiple Themes. Notably, the high scoring research
questions in the Theme Distribution and abundance (Table 2)
had very strong relevance to Management, especially
Monitoring and surveillance. The bounds of topics within
Themes were also diffuse, with very similar questions being
proposed in different topics. For example, Q116 and Q126
(Table 2) both relate to detectability of CoTS, but Q116
relates to the broad spectrum of different surveillance
methods, whereas Q126 is explicitly focused on culling
activities. Interestingly, both these questions scored very
high (> 3.6) for Applicability, but Q116 was scored low for
Urgency (mean=1.87), compared to Q126 (mean=3.60). It
is important, therefore, to not only consider the differential
scoring of specific Themes and topics (Fig. 3), but also
differential scoring for individual questions (Table 2).
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The research questions proposed in this study build upon
critical knowledge gaps that were identified previously (e.g.,
Moran 1986, Pratchett et al. 2017), but do reflect subsequent
breakthroughs and technological advances (e.g., application
of eDNA sampling; Doyle and Uthicke 2020, Uthicke et al.
2024b) that have facilitated new research opportunities
and generated new knowledge gaps. Many of the questions
proposed herein align with the questions proposed by Moran
(1986) that were considered relevant to understanding the
causes and consequences of population irruptions. Despite
significant advances in CoTS research, many of these
research questions remain unresolved (Pratchett et al. 2017).
However, the major priorities revealed during this study
(Table 2) highlight where there are specific management
applications, rather than necessarily advancing fundamental
biological knowledge or establishing the underlying cause(s)
of population irruptions. This reflects widespread acceptance
of conservation benefits from effectively suppressing local
densities of CoTS (De’ath et al. 2012, Hoey et al. 2016,
Matthews et al. 2024, but see Streit et al. 2024), regardless of
their cause(s). However, this study also preferences research
activities with relatively rapid and more certain application
(Table 1), whereas enduring and effective management of
CoT'S may require a longer-term perspective and unequivocal
understanding of the underlying causes(s) of, or contributors
to, population irruptions (Pratchett and Cumming 2019).

Coral reef ecosystems are being subject to increasing
frequency, severity, and extent of major disturbances,
necessitating improvements and strengthening in established
management approaches (Bellwood et al. 2019). Emerging
threats posed by climate change also provide a renewed
imperative to minimize, if not reverse, declining coral cover,
to maximize adaptive capacity and resilience. Improved
management of CoTS is recognized as one of the most
important management strategies to secure the future of the
GBR (GBRMPA 2024), and while there are opportunities
to increase the efficiency and/ or extent of established
management efforts (Matthews et al. 2024; Rogers et al.
2023), further improvements will need to be underpinned
by further research to close fundamental knowledge
gaps, as well as considering other forms of knowledge,
such as Traditional Ecological Knowledge (TEK). This
study highlights opportunities to target resources toward
interventions with high perceived impact while supporting
research that strengthens the evidence base for emerging
control options and anticipates environmental change.
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