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1.  INTRODUCTION 

The threats to natural systems because of human 
activities are increasing in scope and diversity (IPBES 
2019). Pollution, climate change, invasive species, 

coastal development, and habitat loss place species 
and habitats at risk around the world (e.g. Fuentes et 
al. 2020, Kearney et al. 2023). Traditional conser -
vation measures, such as protected areas and pest 
eradication, can reduce some of the risks, but other 
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ABSTRACT: Australia’s endemic flatback turtle Natator depressus is the focus of a long-term con-
servation program aimed at securing the persistence of healthy populations in the northwest of 
Australia into the future. Primary threats to flatback turtles include (1) sea level rise, (2) predation 
from introduced species, (3) temperature increases, (4) onshore and nearshore light, (5) marine 
debris, and (6) modification to beaches. Population declines resulting from these threats have been 
reported or are anticipated, and a range of intervention options are possible that may limit their 
negative impact. Following methods previously developed and applied to iconic marine species 
and habitats, we generated a range of intervention options, and asked experts to prioritise those 
actions using an intervention prioritisation tool (IPT) and the public to prioritise based on social 
acceptability assessment (SAS). The IPT allows different conservation interventions to be assessed 
based on their economic cost, implementation feasibility, social acceptability, and perceived effec-
tiveness in maintaining or increasing future turtle populations while simultaneously accounting for 
expert confidence in their assessment. Results generated by the IPT and SAS can be explored 
further to resolve uncertainty, a process that can help managers and experts alike in their decision-
making process associated with flatback conservation. While this paper is focused on interventions 
relating to flatback turtles, we propose that our IPT can be applied in different settings to enable 
consideration of interventions for a range of threatened species and habitats to guide research and 
conservation investment decisions by managers.  
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approaches may be required. Fortunately, over the 
last decade, a wide array of conservation options has 
been developed (e.g. Alderman & Hobday 2017, 
Bolam et al. 2021, Mason et al. 2021, Handler et al. 
2022). This diversity of choice, combined with limited 
resources, uncertain implementation processes and 
outcomes, and increasing time pressures, means that 
prioritising immediate and future conservation inter-
ventions is often difficult. Uncertainties regarding the 
impact and time scales associated with many conser-
vation threats, and insufficient information for many 
species and habitats that would help ascertain effec-
tive conservation interventions, means that decision-
making must often proceed despite considerable 
uncertainty (Bolam et al. 2021). To wait until more 
information is gathered is not likely to lead to success 
for many imperiled species (e.g. Martin et al. 2012). 

Implementing conservation actions may require 
considerable public and private financial resources 
(Narayan et al. 2016). This investment is not only tak-
ing place in the context of an uncertain future; other 
conservation and non-conservation uses also com-
pete for this money (Gjertsen et al. 2014). Moreover, 
investment in conservation is complicated by the 
often long time frames for positive impacts to become 
apparent, and the potential for unexpected ecological 
responses to the conservation actions and uncertain 
outcomes. Long-term conservation outcomes and 
ecological uncertainties are not conducive to stand-
ard approaches to investment analyses (Iftekhar et al. 
2017). As the costs are often more easily identifiable 
than the benefits of conservation actions, problems 
arise with using standard economic evaluation 
approaches (i.e. benefit-to-cost ratio) and methods 
such as cost effectiveness analysis (Shwiff et al. 2012). 

Assessments of the cost and benefits that guide 
investment into conservation will also need to take 
account of the social acceptability of actions (Bennett 
2016). After all, investment into actions that are not 
supported by stakeholders can fail or ultimately cost 
more than initially budgeted. If a conservation action 
is controversial, steps might be needed to build 
increased support, for example, via strategic outreach 
and engagement programs focused on building 
stakeholder awareness and knowledge on the issue. 
Alternatively, more acceptable actions may need to 
be implemented, even if they are more expensive or 
less effective (e.g. the use of humane pest control 
methods). The lead times for building social accept-
ability can be long and need to be considered, and 
engagement must be designed to include all stake-
holders irrespective of their worldviews and beliefs 
(Cvitanovic et al. 2018, Tuohy et al. 2022). There 

are many stakeholders and stakeholder groups that 
are relevant to conservation, including: the public, 
indigenous people, managers, and scientists (Ison et 
al. 2021). The perceptions of what the right invest-
ment is for conservation of any species is likely to 
differ between stakeholders, and finding the best and 
most socially acceptable management approach can 
be tricky and contested (van Eeden et al. 2020). 

Nevertheless, conservation managers and other 
decision-makers have a responsibility to make deci-
sions about actions and their timing. To do so, they 
frequently rely on scientific information about the 
biological and ecological effectiveness of the action. 
Experts can provide estimates of implementation 
costs and risks to aid decision makers, as well as an 
assessment of social acceptability (cf. social licence1). 
This is not always easy, as it requires experts to prior-
itise interventions based on various aspects that they 
may not have complete knowledge on. Moreover, 
there is a human tendency to focus our attention on 
solutions that we already know about or that we have 
experience with (Wason 1968). There are multiple 
processes leading people to ‘stick with’ what they 
have and know; these influence everyone, including 
scientists. These processes include the transaction 
costs of assessing multiple available options at every 
decision point, heuristics for dealing with ever-
 present uncertainty (Gigerenzer & Todd 1999), ambi-
guity aversion (Ellsberg paradox), risk aversion, and 
cognitive bias (e.g. Mynatt et al. 1977). Therefore, 
experts need to be encouraged to think about and pri-
oritise potential interventions that may not be so 
obvious, familiar, or well characterised. 

Here, we describe an expert intervention prioritisa-
tion tool (IPT), following a process developed by 
Hobday et al. (2015), and modified from subsequent 
uses (e.g. Thresher et al. 2015, Alderman & Hobday 
2017). We used the Australian north-west shelf flat-
back turtle Natator depressus as a case study to illus-
trate how the IPT can help reveal implementation risk 
and effectiveness for common and less usual conser-

30

1Social acceptability is considered distinct from social li-
cence. Based on Brunson et al. (1996), social acceptability 
can be seen as the result of individual judgement where (1) 
reality (as perceived by the person/respondent) is com-
pared with an alternative (i.e. the current state of turtle con-
servation with the potential state if interventions are imple-
mented); and (2) a determination is made on which situation 
is more favourable. Social licence has been defined in many 
different ways (Raufflet et al. 2013), with the core compo-
nent referring to ‘less tangible elements that make the oper-
ations of a company acceptable or legitimate in an area by 
local communities and stakeholders’ (p. 2224).
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vation actions, and how it can help generate useful 
discussion on scoring differences and uncertainties, 
and potential social acceptability issues. We focused 
on a subset of actions, hereafter termed interventions, 
which directly target specific threats. Using the IPT, 
we assessed the intervention risk in terms of eco-
nomic cost, implementation feasibility, and social 
acceptability. We also included measures of per-
ceived effectiveness of the intervention and confi-
dence in the effectiveness. Importantly, a community 
social acceptability survey (SAS) should be under-
taken following evaluation with the IPT, as it allows 
expert assessment of social acceptability to be veri-
fied and contrasted with community perceptions 
(Tuohy et al. 2024). For potentially controversial man-
agement options, there may be low confidence and 
lack of consensus about risks. With the IPT, these 
uncertainties and the diversity of perspectives can be 
considered in decision-making. 

2.  METHODS 

We focus on illustrating the usefulness of an inter-
vention prioritisation tool (IPT) in prioritising man-
agement interventions for conservation programs as 
part of a 10-step process (Fig. 1). The expert-based 
IPT is developed in parallel with a community-based 
social acceptability survey (SAS) (see van Putten et al. 
2023, Tuohy et al. 2024; both this Special). Both the 
IPT and SAS (Steps 4 and 5) rest on the same 3 preced-
ing steps in the 10-step intervention prioritisation 
process (Fig. 1). Be low, we illustrate the steps in -

volved, using flatback turtle conservation as a case 
example, and highlight why consideration of the 
human dimensions (both expert and community per-
spectives) is essential to successful conservation pro-
gram outcomes. 

2.1.  Problem definition 

The first step involved in prioritising conservation 
management interventions is the problem definition, 
in which the threats to the conservation species of 
interest (flatback turtle) are identified (grey bar at the 
bottom of Fig. 1). This step assumes that scientific 
information on the species is available. For the north-
west shelf flatback turtle, the extant threats to turtle 
populations have been listed in a variety of manage-
ment agency documents (see https://flatbacks.dbca.
wa.gov.au/publications/north-west-shelf-flatback-
turtle-conservation-program-strategic-conservation-
plan-2014) that were derived from peer-reviewed 
papers and expert elicitation. Six primary threats 
have been identified for flatback turtles: sea level rise, 
increasing temperature, modification to beaches, 
introduced animals, onshore and nearshore light, and 
marine debris. 

2.2.  Scope interventions 

A series of management interventions were de -
veloped in Step 2 to address the threats identified 
in Step 1. These interventions were based on avail-
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Fig. 1. Conceptual model of the 10 steps involved in prioritising interventions. These steps are part of 5 broader categories, 
illustrated in grey. Icons from Flaticon.com



able information from published papers (e.g. Hep-
pell et al. 1996, Alderman & Hobday 2017), grey lit-
erature, and the experience of the co-authors. In 
developing the list, we sought to deliberately 
broaden the scope of possible management inter-
ventions, beyond those currently being considered. 
We included some interventions that had not pre-
viously been considered or were currently consid-
ered infeasible, unnecessary or undesirable. For 
inspiration, we drew on management of other mar-
ine fauna and our imagination. This was done as 
much to provoke consideration and deliberation 
about novel and more-interventionist actions (as 
might be needed to address climate impacts) as it 
was to consider those specific interventions. 

Each intervention addressed a particular threat. For 
example, cooling of the nest using shade cloth was 
one possible management intervention to address 

the threat posed by temperature increases. In total, 
29 potential management interventions covering all 
life stages were developed by the research team 
(A. J. Hobday, E. I. van Putten, C. Cvitanovic, M. Dun-
lop, S. Ison, S. A. Richards, L. Thomas, P. Tuohy, R. 
Annand-Jones) and reviewed by members of the 
North West Shelf Flatback Turtle Conservation Pro-
gram (NWSFTCP; S. Whiting, S. Fossette, T. Tucker) 
(see Table S1 in the Supplement at www.int-res.com/
articles/suppl/n054p029_supp.pdf for the list of inter-
ventions). The number of interventions used in the 
SAS was reduced to 24 because of the perceived abil-
ity of the public to distinguish between some similar 
interventions and to reduce the survey length. 

To ensure a common understanding of the inter-
ventions, a short description of each was written, 
including a picture and references from the literature 
where available (Fig. 2). These were provided when 
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Fig. 2. Example description for one flatback turtle intervention, noting the spatial impact, the threat category, and the type of  
implementation agency and action

https://www.int-res.com/articles/suppl/n054p029_supp.pdf
https://www.int-res.com/articles/suppl/n054p029_supp.pdf
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the IPT and SAS tools were being used by experts or 
the public. To enable more standardised ratings of the 
interventions in the IPT and SAS tools, in Step 3, each 
was characterised according to the expected spatial 
scale (geographic) impact, the likely implementing 
agency, and the type of activity that was required to 
implement the intervention. 

The spatial scale of the potential interventions var-
ied considerably, from one turtle nest, to 50 nests, to a 
whole beach. The entity that might be responsible for 
implementation included local councils, state and 
federal government departments, industry, local 
community groups, and academic researchers. The 
activities that would be were required to implement 
the interventions included regulation, education, or 
on-ground action. 

In addition, information on 3 intervention-specific 
factors — demographic outcomes, vulnerability, and 
directness of the intervention — was considered 
when interpreting the IPT and SAS results. The demo-
graphic outcomes described what flatback turtle life 
stages the interventions were expected to impact. For 

example, excluding introduced animals (e.g. foxes) 
was expected to boost egg survival (because foxes eat 
eggs). The demographic aspects were incorporated 
into the modelling phase (Step 8) and reported in 
Richards et al. (2024; this Special). The interventions 
were also assessed for how they might reduce the dif-
ferent components of vulnerability of the flatback tur-
tle population, specifially, exposure, sensitivity, and 
adaptive capacity (IPCC 2007). The interventions 
were also characterised by whether they required a 
change (or restriction) of human behaviour (e.g. not 
driving on the beach in nesting season) or whether 
they would be applied directly to the turtles without 
requirement for people to adjust their behaviour (i.e. 
shade netting of the turtle nests). 

2.3.  Survey tool development and implementation 

In Step 4 of the intervention prioritisation pro-
cess, criteria were developed for respondents to 
rate each intervention with the IPT (Table 1). 

33

Attribute                                                                                                                                                    Low (1)                 Medium (2)                 High (3) 
 
Economic cost 
Initial cost: What is the cost of implementing the action (training,                                     <$100 000           $100 000– $1M                >$1M 
 equipment, salaries, communication)? 
Persistence: How long would the action remain effective?                                                        >20 yr                      5–20 yr                        <5 yr 
Maintenance: How often will the intervention require maintenance or repair?           Not for 10 yr        Every few years           Every year 
Development: How much time is needed until action can begin (proxy for re-                    <5 yr                       5–20 yr                       >20 yr 
 search/engagement costs; institutional/technical development time lead time)? 
Scale: What is the scale at which the action is expected to benefit turtles?                     Population                 Colony                   Individuals 
                                                                                                                                                           (many colonies) 

Implementation feasibility 
What is the likelihood of action failing (negative impact) – wasted money?                      <33%                      33–66%                       >66% 
What is the likelihood of negative effect on some other action to assist flatbacks?           <33%                      33–66%                       >66% 
What is the likelihood of adverse impacts to habitats or ecosystem?                                      <33%                      33–66%                       >66% 
What is the likelihood that other native or iconic species will be negatively                        <33%                      33–66%                       >66% 
 impacted by the action? 
Is the action reversible (qualitative)?                                                                                           Completely              Somewhat                       Low 
                                                                                                                                                                   reversible                reversible                reversibility 

Social acceptability 
When will we see benefits on the demographic parameter from action                                  <5 yr                       5–20 yr                       >20 yr 
 (e.g. benefit for future)? 
How likely is it that the action will restrict lifestyle or recreation                                             <33%                      33–66%                       >66% 
 (closures, cat ownership, dogs on beaches) 
How likely is it that the action will impact on economic activities (closures)?                     <33%                      33–66%                       >66% 
What is the level of public trust for the implementing individual/organisation?           High level            Medium level            Low level of 
 (specified in scenario)                                                                                                                         of trust                      of trust                trust (i.e. many 
                                                                                                                                                                                                                                           conflicts) 
What is the likelihood that local ‘groups’ will not engage with this proposed                     <33%                      33–66%                       >66% 
 action? (likely speed that issues could evolve, implies connections and networks)

Table 1. Attributes of economic cost, implementation feasibility, and social acceptability with the scoring guidelines
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When making a management decision (in this case 
a conservation intervention), managers generally 
need to assess the associated economic cost and 
implementation feasibility. In some cases, they 
may also consider the social acceptability aspects 
of the intervention (which we explicitly considered 
in the IPT). 

Economic cost, implementation feasibility, and 
social acceptability were each associated with 5 
distinct attributes, and expert respondents scored 
these attributes according to 3 levels that were 
given numeric values (low = 1, medium = 2, and 
high = 3) (Table 1). Scores were described in words 
for context. For example, a low initial cost was 
<$100,000, a medium cost was between $100,000 
and $1 million, and a high cost was >$1 million. An 
overall risk score was calculated based on the aver-
age scores for economic cost, social acceptability, 
and implementation feasibility. In addition to these 
15 risk attributes, the IPT seeks a rating of the 
potential overall effectiveness for each intervention 
(ability to increase the turtle population) and the 
level of confidence the expert respondent has in 
their assessment of overall effectiveness. The social 
acceptability criteria in Table 1 focus on individual 
factors that may influence how community members 
judge the potential interventions. The tool also 
elicits a rating of the overall social acceptability of 
each intervention to the expert respondent them-
selves and their expectation of the overall accept-
ability of each intervention to community members 
(see Tuohy et al. 2024). The SAS was developed to 
elicit ratings about the potential interventions from 
members of the community (Fig. 1, Step 5). The 
social acceptability of each of the conservation 
interventions was rated in both the IPT and the 
SAS, which allows comparisons of the acceptability 
of the interventions between experts and commu-
nity members (see Tuohy et al. 2024). 

Step 6 involves implementation of the IPT and the 
SAS. For the flatback turtle application, the IPT was 
implemented in an Excel spreadsheet, into which 
experts (researchers and managers) directly entered 
their scores for each management intervention 
(Fig. 1). The SAS was implemented using the online 
platform Survey MonkeyTM, which respondents ac -
cessed either via tablets provided by a researcher at a 
booth in a shopping centre or on their own devices via 
an invitation and link circulated by email and Face-
book. Community surveys were conducted in May 
2022 in 2 coastal communities (Port Hedland and 
Broome) in northwestern Australia, where flatback 
turtle nesting sites are found (van Putten et al. 2023). 

2.4.  Result analysis, interpretation, and ecological 
modelling 

Several types of analyses can be undertaken based 
on the IPT and SAS survey data. Examples of the 
types of results that the SAS can provide for the flat-
back conservation example are presented in van 
Putten et al. (2023). Examples of how social accept-
ability ratings of community members (from SAS) and 
experts (from IPT) can be compared are presented in 
Tuohy et al. (2024). Here, we do not detail these 
results; instead, we provide a general overview of the 
type of information that can be obtained in Step 7. We 
also make a link to the modelling component (Step 8) 
that will help predict ecological outcomes (Richards 
et al. 2024). 

3. RESULTS 

3.1.  Intervention scoring 

To test and illustrate the use of the IPT, the 29 
potential interventions (Table S1) were rated by 11 
experts; these included 8 members of the research 
team (some of whom had little expertise in sea turtle 
conservation, but considerable expertise in adapta-
tion science) and 3 members of the NWSFTCP. There 
were clear patterns in the overall implementation risk 
for each intervention, which was calculated based on 
the scoring of the 15 attributes of risks associated with 
economic cost, implementation feasibility, and social 
acceptability (Table 1). Statistical testing was not 
used in this project but could be included if required 
for decision-making. The overall implementation risk 
score can be grouped by the 6 threat categories 
(defined in Step 1), the demographic outcome, and 
the vulnerability aspect (see Step 3) that the inter -
ventions are most likely to affect (Fig. 3). In each of 
these, the risk score is the Euclidean distance from 
the origin based on the economic cost score (average 
of 5 attributes) and social acceptability (average of 
5 attributes), following the approach used in Alder-
man & Hobday (2017), where risk = (average cost2 + 
average acceptability2)0.5. These scores can range 
between 1.41 (all risks rated low = 1) and 4.24 (all 
risks rated high = 3) (Hobday et al. 2011). 

In our case study, the overall average risk score was 
highest for those that involve beach modification 
(Fig. 3A), meaning experts tended to rate these in -
terventions as having higher risks, which could lie in 
high economic costs, low implementation feasibility, 
or absence of (low) social acceptability. In contrast, 
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interventions that address introduced animals (e.g. 
shooting or exclusion fencing) were rated as having 
a lower risk and may therefore have higher imple-
mentation feasibility, lower cost, and higher social 
acceptability. In prioritising interventions, this level 
of analysis can be used to focus attention on threat 
categories where interventions might be most 
 feasible. 

Interventions that boosted hatchling survival be -
fore they entered the water had the highest overall 
implementation feasibility. Interventions that in -
creased juvenile survival (once at sea) had the highest 
overall implementation risk, due to perceived techni-
cal difficulty and higher cost (Fig. 3B). These results 
show how this type of analysis can be used to prior-
itise single interventions. The interventions that 
address the adaptive capacity of turtles were rated as 
having higher implementation risks that those 
addressing exposure or sensitivity (Fig. 3C). For all 3 
of these data summations, there was spread in the risk 
rating by the experts, which is explored further 
below. 

3.2.  Relationship between economic cost, imple-
mentation feasibility, and social acceptability 

To gain an overview of which flatback turtle inter-
ventions are lowest risk (i.e. have low cost, high social 
acceptability, and high implementation feasibility), 
the average score for each intervention as scored by 
the experts (Table S2) can be mapped (Fig. 4 shows 
the 3 pairwise comparisons, with the third dimension 
as the symbol size). In general, interventions showed 
a range of social acceptability, implementation fea-
sibility, and economic cost, and there was often a 
trade-off between these elements. 

Most potential interventions were rated relatively 
high on implementation feasibility, and there was a 
generally lower cost for those that were most feasible 
(Fig. 4A). There was a slight negative relationship 
with high cost related to high social acceptability 
(Fig. 4B), while those options that had high imple-
mentation feasibility spanned a range of social 
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Fig. 3. Overall risk scores for conservation interventions 
grouped by (a) threat category, (b) demographic ecological 
outcome, and (c) vulnerability aspects for flatback turtles 
in Western Australia. Each dot represents one score from 11 
experts rating each of 29 interventions. Dots are spaced 
 horizontally in each group to avoid overlaying each other. 
Box and whiskers graphs show the means and upper and 
lower quartiles, and the feasible range is scores of 1.41–4.24 
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acceptability (Fig. 4C). For example, the highest pri-
ority (upper right) based on the combination of imple-
mentation feasibility and social acceptability was nest 
guarding (#13), while the option to modify sand com-
position (#21, lower left) had low feasibility and low 
social acceptability. 

The average economic cost, implementation fea-
sibility, and social acceptability ratings provide a use-
ful overview, but it is important in decision-making 
to consider how much experts agree on the rating 
of interventions. A high level of variability in the ex -
pert scoring can identify interventions that need 
additional discussion or investigation, for example to 
determine whether the differences are due to infor-
mation asymmetries or true uncertainty. This can be 

revealed with consideration of the raw results of scor-
ing (data not shown). In addition, if experts agree that 
implementation feasibility is high (for example) but 
the social acceptability is low, further discussion or 
investigation about the relevant interventions may be 
needed to develop a plan. 

3.3.  Intervention effectiveness and confidence 

While scoring the 3 elements described in the pre-
vious section provided a transparent method to prior-
itise interventions, the confidence and overall effec-
tiveness for the turtle population in each intervention 
(and not just the feasibility) also needs to be consid-

36

Fig. 4. The average scores for implementation feasibility, 
economic cost, and social acceptability of interventions for 
flatback turtles in Western Australia, as rated by 11 respon-
dents using the intervention prioritisation tool. Best options 
are in the upper right quadrant of each plot. The size of each 
circle indicates the average score for the third element in 
each pairwise plot. Numbers correspond with interventions 
listed in Table S1 in the Supplement, and shading distin-
guishes different interventions. L: low, H: high. (A) Eco-
nomic costs and implementation feasibility. Circle size 
shows social acceptability; small size indicates higher 
 acceptability. (B) Social acceptability and economic cost. 
Circle size shows implementation feasibility; small size indi-
cates higher feasibility. (C) Social acceptability and im -
plementation feasibility. Circle size shows economic cost;  

small size indicates lower cost
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ered. The perceived effectiveness of the intervention, 
as well as the confidence in the respondents’ own 
assessment of effectiveness, was elicited with the IPT. 
Respondents tended to be more confident in their rat-
ings of potential interventions that they rated as 
likely to be more effective (Fig. 5). The interventions 
were classified according to the type of action 
required to implement or enable the intervention, 
predominantly policy/legislation change, on-ground 
action, and education (colours in Fig. 5). The inter-
ventions with highest perceived effectiveness and 
highest confidence in that rating typically required 

policy or legislation changes in order to be imple-
mented (Fig. 5, top right). 

Confidence in the effectiveness scoring was relatively 
high for interventions aimed at reducing the threat 
posed by introduced animals, which were also perceived 
to be the most effective interventions, and are actions 
currently being undertaken (Fig. 5). The potential inter-
vention with the lowest perceived effectiveness, and lo-
west confidence in the effectiveness rating, was the ge-
netic intervention. The overall scores were higher for 
the interventions that were implemented using policy 
and legislation (Fig. 5, blue dots towards upper right). 
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Fig. 5. The perceived effectiveness and confidence in the effectiveness rating of potential flatback turtle conservation interven-
tions to address different threats in Western Australia. Colours indicate the nature of actions required to enable or implement 
the intervention, as described in Table S1 in the Supplement. Most interventions require more than one type of action, and here  

we indicate the first-step action to allow for general categorisation
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4.  DISCUSSION 

It is widely agreed that long-term conservation of 
flora and fauna in the face of increasing threats may re-
quire management actions that are more intervention-
ist than current actions (such as protecting habitat) 
(e.g. Martin et al. 2012, Bennett et al. 2023). Active in-
tervention to conserve species is not straightforward 
as it often has high cost and low implementation fea-
sibility, support and social acceptance by local com-
munities or interest groups may be absent, and effec-
tiveness may be unknown or lacking consensus 
(Abrahamse & Steg 2013). For example, interventions 
such as closing a beach to 4-wheel driving or dog 
walking have raised community protests in several lo-
cations (Zander et al. 2022). There may be significant 
differences of opinion about the acceptability and an-
ticipated effectiveness of different proposed options 
among community members and among experts, and 
potentially between the community and experts. For 
example, experts may disagree about which interven-
tions will achieve better ecological outcomes; they 
may also disagree on what outcomes should be sought 
(e.g. single species versus whole ecosystem outcomes). 
Nevertheless, conservation managers need to make 
decisions now and plan for future interventions to 
achieve the desired conservation objectives, and to 
make these decisions they rely on scientists, experts, 
and local communities. Managers can be assisted in 
their decision-making by an understanding of the eco-
nomic costs, the implementation feasibility, and social 
acceptability of different interventions. 

Here, we present the IPT, which was developed for 
and in consultation with conservation managers, to 
help compare a wide range of potential interventions, 
including novel options, that may assist with the long-
term persistence of flatback turtle populations in 
northwestern Australia. The IPT helps elicit different 
aspects associated with potential interventions, and 
the results can be used to help prioritise conservation 
interventions or direct further deliberation or re -
search about potential interventions. The data gene -
rated by the IPT can reveal the relationship between 
economic costs, implementation feasibility, and so -
cial acceptability for different interventions. Making 
transparent the trade-offs between the 3 aspects pro-
vides a useful rationale for choosing and implement-
ing interventions (Hobday et al. 2015). 

This approach may also limit a potential bias associ-
ated with familiarity with different interventions. For 
example, interventions that have been discussed for a 
long time may at first be favoured over new options. 
Here, the relatively new potential interventions to 

temperature increases are considered to have lower 
implementation feasibility than long-standing inter-
ventions that address other threats, such as managing 
introduced animals. In cases where additional infor-
mation is needed, the high priority options (e.g. fea-
sible, cheap, and socially acceptable) can be the focus 
of new experiments or studies. Interventions that may 
be novel in one area may have been tested elsewhere, 
which can further inform implementation for the focal 
organism. For example, nest shading (Clarke et al. 
2021) and nest cooling (Smith et al. 2021) have been 
tested on other species, which can lend insight to a 
flatback turtle manager. 

The effectiveness of conservation interventions can 
be expressed as the long-term persistence of healthy 
populations of the threatened species (Bottrill & Pres-
sey 2012, Handler et al. 2022). The IPT was used to 
elicit ratings of the effectiveness of potential inter-
ventions to sustain turtle populations, along with rat-
ings of the respondent’s confidence in their ratings of 
effectiveness. In the present study, high effectiveness 
and certainty ratings were associated with interven-
tions that protected the turtles from introduced ani-
mals and that reduced disturbance and destruction of 
nests. These types of interventions may require 
changes in policies and/or legislation to enable on-
ground management action. These same interven-
tions were also rated as relatively low-cost, with high 
implementation feasibility, but some had lower social 
acceptability. If these interventions are chosen for 
implementation, these results suggest that conserva-
tion managers may need to ensure that social accept-
ability issues are addressed prior to or alongside 
implementation, otherwise these beneficial interven-
tions could be judged as a failure by the community 
or may need to be abandoned (Bennett 2016, Zander 
et al. 2022). Implementation of an SAS in relevant 
communities to assess the acceptability is recom-
mended (see Tuohy et al. 2024). 

Here, only 11 ‘experts’, scientists, and managers 
involved in this study, were involved with using the 
IPT to test it and illustrate its utility. It is not unusual 
for expert-based studies to have a relatively low 
number of participants (Wilcox et al. 2018, Bennett et 
al. 2023). This is in part because there are often rel-
atively few experts who have the appropriate expert-
ise on a topic and/or who are willing to participate 
given the time needed to complete the process. Even 
amongst small groups of experts, there may be differ-
ent perceptions of the costs and benefits of the inter-
ventions. These differences can be very informative if 
they are explored further with the expert group. For 
instance, subsequent discussion may be used to re -
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veal elements that were not universally considered, 
and to gain a holistic understanding of costs and 
benefits for interventions. This can happen while 
retaining expert anonymity or in face-to-face forums 
such as workshops or focus groups. 

There are many benefits of using our 10-step inter-
vention prioritisation process and using the IPT with 
experts. We suggest the approach can be applied to a 
wide range of species, it is intuitive and easy to apply 
(compared to empirical testing), and the results are 
multi-dimensional. The cost and risk attributes and 
the semi-quantitative scoring rubric used here for 
flatback turtles can be tailored to other species and 
situations. For example, here, (i) initial set-up costs 
and (ii) infrastructure persistence were included 
amongst the 5 economic cost attributes, but other 
attributes might be relevant elsewhere. The rating 
scales can be similarly adjusted (i.e. we chose 3 levels 
[low, medium, and high], but a 1 to 10 Likert scale 
might be preferred where more information is avail-
able). Another advantage of semi-quantitative scor-
ing systems is that they are relatively rapid (taking 
only a few hours to complete), which is an advantage 
when seeking expert input. The number of interven-
tion options that can be rated is potentially unlimited; 
however, survey fatigue and time considerations are 
common to surveys (see van Putten et al. 2023, Tuohy 
et al. 2024), and restricting each participant to less 
than 30 options was deemed important for this flat-
back turtle example. With more options, random sets 
of options could be presented to each expert, poten-
tially using balanced incomplete block designs (e.g. 
Fisher & Yates 1963). 

The IPT makes an important link between the eco-
logical and human dimensions of conservation and 
adds value to ecological models that predict outcomes 
in response to interventions (Heppell et al. 1999, 
Gerber & Heppell 2004). By explicitly considering the 
spatial and demographic impact of interventions on 
model parameters (e.g. in our example on flatback tur-
tles: egg, juvenile, or mature turtle survival), impacts 
of interventions on long-term conservation success 
can be numerically investigated (e.g. Gammon et al. 
2020). Using the framework presented here to identify 
interventions that have low risks associated with cost, 
feasibility, and social acceptability helps managers 
identify which options should be the focus of numeri-
cal ecological projections, field trials, or other empiri-
cal investigation. The combination of screening and 
prioritisation tools such as the IPT with ecological 
modelling can be used to build stakeholder awareness 
of the options and improve the allocation of resources 
to support interventions to improve species persis-

tence and reduce threats. The IPT presented here pro-
vides a straightforward way for managers and stake-
holders to rapidly consider a wide range of manage-
ment interventions, including novel ones, to broaden 
the scope of management options for addressing ac-
celerating and emerging conser vation threats. 
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