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Abstract

There are many examples of decision support tools used to analyse information with the
intention of assisting conservation managers and policy makers in their decision making. We
used structured interviews to collect information on seven case studies from Australia and
New Zealand to identify the factors that led to the use (or non-use) of decision support tools
when developing conservation policies. The interviews explored hypotheses derived from
existing literature on the use of decision support tools in conservation policy. Qualitative
analysis of the interviews indicated that key factors influencing the uptake of a decision
support tool in conservation policy include the alignment of the tool with the objectives and
context of a policy, and its ability to be useful even in the presence of missing data. Two
other factors that had been suggested in past literature were not perceived by interviewees to
be as important as the above two: the presence of a champion for the decision support tool
within the management agency, and the time required to apply the tool. The interviews also
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revealed a number of additional factors that influenced use or non-use of decision support
tools that we had not extracted from existing literature: ambiguity about policy objectives, the

autonomy of the agency, and the employee time costs of applying the decision support tool.

Key words: decision making, decision support tools, conservation policy, Marxan

1. Introduction

A decision support tool (DST) is a platform for integrating, analysing and displaying
information to assist decision makers. In support of decisions for conservation management, a
DST may provide insights into the consequences of different management strategies or
approaches, identify the strategy that will optimise a specified objective, identify knowledge
gaps, and provide transparency in decision making. Decision support tools can range from

relatively simple to highly complex.

Many DSTs have been developed by researchers with the intention of assisting conservation
managers and policy makers. For example, the Ecosystem Management Decision Support
system has been widely applied to landscape analysis in the US (Reynolds et al. 2014). The
Analytic Hierarchy Process uses pairwise comparisons to prioritise decisions, and has been
applied to wide variety of environmental and other decision contexts worldwide
(Omkarprasad and Kumar 2006). Marxan (Ball et al. 2009) is a DST designed to identify a
set of conservation areas that achieve a particular objective at minimum cost, and can explore
trade-offs between conservation and socio-economic objectives. It is the most widely used
and known DST for conservation planning, with 6078 users across 182 countries (see
www.ug.edu.au/marxan). Another example, the Investment Framework for Environmental
Resources (INFFER — Pannell et al. 2012), is a tool for developing environmental projects
and prioritising them based on the criterion of value for money. The Framework has been
trialled or used by well over half of Australia’s 56 natural resource management regions, as
well as other conservation organisations in Australia (Roberts et al. 2012), New Zealand

(Jones and McNamara 2014), Italy (Pacini et al. 2013) and Canada (see www.inffer.com.au ).

Despite the benefits of DSTs, it is often observed that they are underutilised, or not utilised at

all, by the intended end users (Nilsson et al. 2008; Mclintosh et al. 2011). Several reasons are
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cited in the literature, including: different timeframes between policy decision making and
scientific research (Briggs 2006; Cvitanovic et al. 2015); research results not providing the
specific information needed to support management or policy (Pannell and Roberts 2009;
Addison et al. 2013); lack of trust in the researchers by policy makers (Gibbons et al. 2008;
Mclintosh et al. 2011); low capacity of policy makers to use the research outputs in decision
making (Rogers et al. 2015); and the lack of a champion within the policy organisation to

enable and encourage uptake of the research results (Mumford and Harvey 2014).

There has been little past research evaluating reasons why DSTs are or are not used in
conservation management. A rare example is Addison et al. (2013), who investigated
common objections to the use of models in conservation decision-making, based on collating
statements made by researchers in the published and grey scientific literature. A common
objection reported in the studies reviewed was the policy maker’s preference for unstructured
subjective judgements from experts, rather than predictive models. The key reason cited for
this objection was the resource intensity (money and time) required to deliver useful results

using these models.

Mclntosh et al. (2011) identified the challenges for DST use in environmental management
from the perspective of a group of international experts in environmental DST development.
Their recommendations include: to find a champion within the policy-making organisation to

promote the DST and to build capacity with the end users and stakeholders.

Past studies on DST adoption in conservation management have provided recommendations
based on the researchers’ experience. This study investigated the policy maker’s perspective
on the factors that led to the use (or non-use) of DSTs in the development of key conservation
and environmental policies. Bridging the gap between the policy maker’s and the researcher’s
perspectives could offer useful insights that will improve the uptake of DSTs in conservation

decision making, and subsequently lead to more effective policy design.

We examined notable case studies in Australia and New Zealand, exploring the factors that
facilitated or inhibited DST usage in policy and management, based on interviews with
managers and policy makers. The selection of case studies was not intended to be
representative of all possible conservation policies; however, they offer a diverse selection
and have useful insights that may be transferable to other case studies and policies. The next

section presents the criteria used for assessment of DSTs, a description of the case studies and
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an outline of the interview process. Section 3 provides results and section 4 is a discussion of

key findings and conclusions.

2. Methods
2.1 Factors that facilitate usage of decision support tools

To investigate the factors that influence the uptake and usage of decision tools, we gathered a
team of Australian experts in decision support tool design and implementation. Through a
literature review and facilitated discussion amongst the team, we identified a range of factors
that are likely to promote or prevent the uptake of DSTs in environmental management and
conservation decision making. These factors have elements in common with those identified
in past studies of the uptake of scientific evidence and models in management and policy for
conservation and environmental management (e.g., Rogers et al. 2015; Addison et al. 2013;
Cook et al. 2012; Mcintosh et al. 2011). The factors were:

e Presence of a champion for the tool within the agency

e Presence of an advocate for the tool outside of the agency

e Existence of a relationship between agency staff and tool experts

e Presence of large numbers of stakeholder groups affected by the policy outcome
e Ability of the tool to deal with missing information

e Whether the tool can be applied quickly

e Whether the policy process allows adequate time for tool use

e Whether the tool capabilities align with policy objectives
These factors were used to develop the questions used in the policy-maker interviews.
2.2 Case studies

We identified conservation and environmental policies as case studies to explore the degree
to which the suggested factors influenced uptake and usage of the DSTs. Policies were
selected using the following criteria: a decision tool existed that was deemed suited to the
policy context; there was published evidence describing the process of policy development;
and, relevant policy advisors for each policy were accessible for interview. Both marine and

terrestrial policies were identified (Table 1). The policies were applicable at a national scale,
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with the exception of Threatened Species Protection in the Australian state of New South
Wales, which was included for comparison with its national-scale counterparts. The staff size
of the agencies responsible for each policy ranged from approximately 200, for the Great
Barrier Reef Marine Park and Australian Fisheries Management authorities, to approximately
2000 for the Australian Commonwealth’s Department of Environment. For each of the
policies, written documentation and interviews with policy advisors were used to investigate
the extent to which the matched decision tool was used, and the factors influencing this

outcome.
[insert Table 1 here]
2.3 Data collection

Data collection began by consulting the published literature related to each policy. The
sources consulted included peer-reviewed literature, research reports, and government reports
and websites. The literature was used to identify the steps taken in developing each policy

and any decision tools that were used in policy development.

Policy advisors who had been involved in the development or administration of each policy
were then interviewed. The objective of the interviews was to identify the reasons for the use
or non-use of the matched DST in development of the policy and to examine the alignment of

these reasons with the eight factors identified by the expert working group.

Interviewees were identified in the case study selection process via publications and reports
related to the policy and by contacting the agencies responsible for each policy. The most
senior policy advisors who had contributed to development or administration of the relevant
policy were invited to participate. In total, ten policy advisors were interviewed, between one
and three for each policy. The interviews were conducted by telephone and in-person in
September and October 2013. Approximately 45 minutes was allocated for each interview.

All interviews were conducted by the same project member.

Semi-structured interview scripts were used to direct the flow of the discussions. The script
included questions on: the participant’s educational background and current role within their
agency; the participant’s role in the development of the policy; whether a decision tool was
used and the interviewee’s perception of its level of use (none, low, moderate or high); if a

tool was not used, whether the participant was aware of available tools and the reasons why
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these were not used; if a tool was used, what facilitated its use and the extent to which the
tool informed the decision process. The script included prompts related to the factors that the
expert working group identified as potential barriers or catalysts to the uptake of decisions
tools. The questions were open ended to allow discussion, expression of personal views, and
for new themes to emerge. This allowed for the identification of additional factors that
influenced the use or non-use of DSTSs, other than those anticipated from the literature. As
these themes were not defined prior to conducting each interview, they were not raised with
every interviewee. The interviews were conducted in accordance with The University of
Western Australia’s Human Research Ethics procedures (#RA/4/1/6302).

2.4 Analysis

A qualitative analysis of the interview transcripts was performed to evaluate the role that each
factor played in facilitating uptake of the specific decision tool available for each policy.
Specifically, we applied the categories “not important”, “somewhat important” and
“important” to identify how the interviewees perceived the influence of each factor. In
addition to these assessments, we also provide quotes from the interviews to illustrate the
findings across the case studies.

3. Results

The importance of each of the eight factors that facilitate usage of DSTs varied for each of
the seven case study policies (Table 2). For example, for the South West Marine Reserve
Network (SWMRN), the interviewees perceived that uptake of the relevant DST (Marxan)
was Low. The facilitating factor “Tool is able to deal with missing information” was seen as
Important by the interviewees, and as not being met by the DST. On the other hand, in the
Southern and Eastern Scalefish and Shark Fishery (SESSF) interviewees perceived that the
uptake of the DST (the Harvest Strategy Framework) was High. Based on the interviewee’s
responses, the facilitating factor “Existence of a relationship between agency staff and tool

experts” was judged as Important, meaning that this factor facilitated uptake of the DST.
[insert Table 2 here]

The two policy challenges which had highest identified use of DSTs (SESSF and the
Representative Areas Program (RAP)) recognised almost all of the factors as being

important, the only exception for both being time taken to apply the tool for the RAP.
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Overall, across all policy problems, the most important factor was “Tool capabilities align
with policy objectives” (rated as important in six out of seven policies), with “Tool is able to
deal with missing information” being rated next most highly (rated as important in five out of

seven policies).
3.1 How well the tool capabilities align with the policy objectives

The need for the policy objectives and tool capabilities to align was considered an important
factor in tool uptake in six out of the seven policy cases. For the policies where there was a
perceived match between the decision tool and policy objectives (e.g., the SESSF and
Representative Areas Program (RAP)), interviewees noted that the advantages of using the

tool included the ability to set quantitative and transparent targets.

There were a few examples where the policy objectives did not match the decision tool. In
the case of the SWMRN, there was a perceived mismatch between the decision tool, Marxan,
and the policy objectives, which contributed to the low uptake of Marxan in the policy

process. The Draft Management Plan for the network states that the reserves were,

“proclaimed for the purpose of protecting and maintaining marine biodiversity, while
allowing for the sustainable use of natural resources in some areas” (Director of
National Parks 2013, pg 7).

An interviewee confirmed that this socio-economic objective of sustainable use was indeed a
priority in the decision making process and there was a perception that it was not able to be
adequately captured within Marxan. This was stated by the interviewee as one of the primary
reasons for the limited use of the Marxan output. Interestingly, Marxan was in fact designed
for exactly this objective, highlighting that a barrier can be due to perceptions rather than an

actual limitation of the tool.

The National Reserve System (NRS) provided another example of a perceived mismatch
between the policy objectives and decision tool capabilities (Marxan). The operational
context of the policy was cited as the main reason for the mismatch by the interviewee. The
acquisition of land is based on a voluntary scheme, where the landholder approaches the

Government;

“one of the restrictions ... is that [the Government can’t] actively pursue properties”.
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However, in a Marxan analysis all land considered for inclusion in a reserve is assumed to be
available. Thus, while Marxan was considered by the policy advisors, it was not deemed

suitable to determine the actual decisions.

The interviewees for the Threatened Species Protection policies in New Zealand, the
Australian state of New South Wales, and Australia (national government) also agreed that
the match between the decision tool capabilities and policy objectives was at least somewhat
important in facilitating use of the tool. For two of these policies, there was moderate uptake
in the decision process of the tool, Project Prioritisation Protocol (PPP). This was considered
useful for some aspects of threatened species management, such as setting priorities for
species that are (locally) site managed and where the management actions (and subsequently
costs) were better understood relative to species managed at a landscape scale. On the other
hand, the Australian Government made no use of the PPP in its threatened species policy.
Many recovery plans for species already exist and are set in national legislation. Although
there is, in fact, insufficient funding to implement all of these recovery plans (meaning that
some form of prioritisation is unavoidable), the explicit use of a prioritisation tool was seen
as undesirable from the agency perspective because it conflicts with the official legal position
that all species must be protected. In other words, the problem was not a weakness in the
DST, but reservations about the public transparency and political implications from any

prioritisation tool.
3.2 Ability of tool to deal with missing information

In five out of seven cases, interviewees considered it important that the decision tool was able
to deal with missing or poor-quality information. In a number of cases, the relevant tools
were perceived to be flexible in the case of insufficient data, and it was perceived that this
improved their uptake. This was true for the SESSF, RAP, and New Zealand Threatened
Species Protection policies. Some of reasons stated for this positive perception included that:
assumptions or adjustments could easily be made where data were missing (Harvest Strategy
Framework); the aspects of the tool that did not perform very well in the event of missing
data were identifiable and related output could be treated with caution (Harvest Strategy

Framework); or, gaps could be filled using expert judgement (Marxan’s use in the RAP).

The ability of some tools to deal with missing data was not perceived so favourably.

Interestingly, there were differences in this result between different (though similar) policies
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with the same decision tool. While the interviewee for the RAP viewed Marxan as very
capable in addressing data limitations, the interviewee for the SWMRN did not. In the
SWMRN case, there were concerns that the available data was too old, not forward looking,
and that there was a lack of socio-economic information. It was perceived that Marxan could
not deal with these limitations well, which contributed to the limited reliance on the tool.
Similarly, for the Project Prioritisation Protocol tool, the interviewee for New Zealand
Threatened Species Protection viewed the tool’s ability to deal with missing data positively,
but the interviewee for the Australian Government policy equivalent did not. In the New
Zealand case, the format of the data required was thought to assist the tool’s application. In
the Australian case, the format required did not match the way in which data were collected
for the legislated species recovery plans, and there would be costs of employee time involved
in reformatting. The latter case was reported to have contributed to the lack of uptake of the

decision tool in the Australian Government policy process.
3.3 Relationships between agency staff and tool experts

There was not a clear consensus about the effect of relationships on tool uptake. In five out of
seven policy situations it was ranked at least somewhat important. The degree to which
relationships with agency staff and tool experts influenced tool uptake was considered
important for those policies where a decision tool was used and not important where a
decision tool was not used. One reason for the difference may have been an existing
capability within the agency to implement the tool. For example, in the case of the SWMRN,
there was existing capability within Department of the Environment to use Marxan. In
comparison, the Harvest Strategy Framework was designed by CSIRO researchers
specifically for Australian Fisheries Management Authority (AFMA) to use in the SESSF.
One interviewee for this policy noted that the relationship between agency staff and the

CSIRO tool expert was instrumental in its successful uptake by the agency.

It was noted by one interviewee that there are three to four layers of bureaucracy within the
relevant agency, making it difficult for advice to reach the level at which decisions are
actually made. This may suggest that having within-agency tool experts to act as
“champions” would be beneficial for DST uptake. However, this suggestion did not resonate
with many of our interviewees, apparently because such champions are only perceived to be
influential if they are at a high-enough level in the bureaucracy. Similarly, they tended not to

rate highly the role of external tool experts as “advocates”. Other writers have argued that an
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internal champion can facilitate DST uptake (e.g. Jacobs 2002; Pannell and Roberts 2009),
but this study suggests that they may not be critical.

3.4 Presence of large numbers of stakeholder groups affected by the outcome

The results for “Presence of large numbers of stakeholder groups affected by the outcome”
were polarised, being suggested as important in three policy cases, not important in three and

not applicable in one (Table 2).

It can be difficult to engage multiple stakeholders in a timely and effective manner. The
information obtained from the interviews suggests that, for two authorities (the Great Barrier
Reef Marine Park Authority (GBRMPA) and AFMA), using the decision tool to demonstrate
outcomes from different policy designs facilitated the stakeholder-engagement progress.
Boundary setting and removing ambiguity were noted as particularly valuable capabilities.

For example,

“[Harvest Strategy Framework] places boundaries around the conversations we have

with stakeholders”,
and

“...having the Marxan maps provided some definition for discussions, making them

manageable.”

Interestingly, in the case of the SWMRN, the decision tool, Marxan, was not perceived to be
important in the stakeholder-engagement process and therefore was not used. One reason
given was that the policy maker perceived the DST output as one of many inputs into the
decision making process, but the stakeholders tended to interpret the DST outputs as
indicative of a final decision. This perception was only expressed by officers from the
national Department of the Environment; it was not expressed by officers from the other
organisations for which Marxan was potentially relevant, GBRMPA and AFMA.

3.5 Adequate time in the decision process for the tool to be used and time taken to apply the

tool

Two aspects were considered in relation to how time might have affected the likelihood of
the DST being used in the policy process: (1) the length of time permitted for development of
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the policy; and (2) the time required to apply the tool itself. The importance of time as a

factor in facilitating uptake varied across policies and tools.

Overall the time taken to apply the tool was not considered to be an important determinant of
tool use; only in two out of the seven policy cases was it deemed at least somewhat
important. The time needed for each tool’s application varied, but was not related to the
importance of the policy. For example, the Harvest Strategy Framework took a few months to
implement for the SESSF, while those undertaking the Marxan analysis for the RAP were
engaged in the policy process for over a year. The time taken to apply the tool was not
deemed to be important in determining tool use in either case, suggesting that there was

adequate time available for development of the policy.

The length of time permitted for the policy process affected tool uptake inconsistently, even
though all of the policies studied were developed over reasonably long timeframes (relative
to some policies). For the SESSF, RAP, and New Zealand Threatened Species Protection,
there were lengthy processes in overhauling the policies. There was plenty of time available
to create or select, apply and interpret outputs from an appropriate tool. In the case of the
SESSF, the policy process also provided time to develop and adapt the decision tool. This is
because fishery management is an ongoing adaptive process, rather than a one-off decision,
so the decision tool itself can be adapted over time. Nevertheless, there are sometimes
“windows of opportunity” to institute major changes, and this occurred with the SESSF
harvest strategy in 2005. For the New Zealand Threatened Species Protection policy, the
interviewee noted that having ample time was also important to permit staff consultation and
adoption of the DST.

The SWMRN, also involved a lengthy policy process; however, this was not perceived to be
an important factor in relation to tool uptake, perhaps because the tool was already not
considered to be highly suitable to the task, for other reasons. On the other hand, the time
needed to apply the tool was considered to be an important inhibiting factor in the use of
Marxan to inform reserve design (reflecting high costs of staff time rather than a constraint
on the available time). This is in contrast to the RAP, where application time for the same

DST was not considered to be an important factor influencing uptake.

For the NRS, time was an important factor in contributing to the lack of use of the decision

tool, Marxan. The interviewee noted that there was a tradeoff between having more complete
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information, as would be provided by a Marxan analysis, and efficient use of time. In their
opinion, sufficient information to make adequate decisions could be provided by a short set
of questions that could be applied much more quickly than using a DST. In this policy
context, application of the DST was considered to be a waste of resources.

3.6 Other factors

Beyond these factors from the literature, a number of additional factors emerged in the
interviews as important in the uptake of decision tools. The first relates to ‘equity’. In relation
to the NRS, the interviewee noted the importance of ‘equity’, interpreted as a reasonably even
distribution of funds across regions. This equity rule is often not officially stated in policy
objectives, but is sometimes an implicit concern of governments. The authors are aware of
cases in Australia where funding allocations of conservation programs have been explicitly
adjusted to achieve this type of distributional ‘equity’. Almost any prioritisation tool risks
conflicting with this, which may contribute to tool non-use in some cases. However, it does
not necessarily follow that ‘equity’ should be explicitly included in the DSTs. It may be
sufficient for decision makers to make subjective post hoc adjustments. The appropriate
handling of equity in decision tools is an issue that may justify additional investigation.

The second factor is that DSTs were more likely to be used and viewed favourably by the
relatively autonomous agencies (i.e. the Australian Fisheries Management Authority and
Great Barrier Reef Marine Park Authority) compared with the national agency. Interviewees
from these agencies also commented that they have used other DSTs for policy making.

Next, where a policy had multiple (potentially conflicting) objectives, it was sometimes
unclear what “weight” was placed on each objective. This reduced the ability of the DST to
assist the policy needs. For example, in the South West Marine Reserve Network (SWMRN)
the two policy objectives were: protecting and maintaining marine biodiversity; and
sustainable use of natural resources in some areas. It appears that the policy makers placed a
higher weight on the sustainable use of natural resources than on conserving marine
biodiversity. The policy makers viewed Marxan as limited in its ability to trade-off socio-
economic and biodiversity outcomes, although Possingham et al. (2009) explained that these

trade-offs are able to be incorporated in the Marxan.

Employee time costs and data costs can be significant with some DSTs, and this emerged

from the interviews as an additional key facilitating factor for DST use. Interviewees
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expressed the importance of communicating the costs and benefits of using a DST to policy
makers, so that policy advisors can make an informed decision on whether using the DST is
worthwhile. Rogers et al. (2015) found that policy makers sometimes think there is too much
effort for too little gain when considering use of non-market valuation to inform policy, and it
appears that the same applies to DSTs. One interviewee summed up the DST use decision for
the NRS:

“...there is no advantage to asking 120 questions when you just need these five.”

The final additional factor relates to communication: how well the purpose, usage, results and
value of a DST are communicated to policy makers and stakeholders, and how well the
policy context is communicated to the DST developers. For example, one interviewee said,
“The Marxan tool, when well-presented, can empower us to engage more effectively with
stakeholders”. Another interviewee emphasised the importance of “a translator to

communicate the tool to managers and the policy context to researchers”.

4. Discussion

The purpose of this study was to seek insights on policy makers’ views on the factors that
lead to the use or non-use of DSTs during the development of conservation-related policies
and programs. Decision support tools, like the Harvest Strategy Framework and Marxan, can
be very useful to policy makers for clarifying priorities, and for exploring and presenting
trade-offs. They can help to define boundaries to the choice set, and increase transparency.
They can also facilitate engagement with stakeholders by explicitly revealing who wins and
who loses, and by how much, under different policy settings. For example, in the SESSF
(Fulton et al. 2014), the decisions makers are not the only managers: the fishing industry and
environmental NGOs also hold interests in fishery management. However, the three groups
can have different perspectives and priorities. An appropriate DST can facilitate the

engagement between them and result in more effective policy.

Despite these benefits, uptake of the DSTs was mixed across the different policy case studies,
sometimes even for the same DST across a range of similar contexts. A good example of
DST use in decision making is provided in the Southern and Eastern Scale-fish and Shark

Fishery (SESSF) case study. The policy had to apply to all important commercial species, but
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the information base varied enormously across species. The researchers, therefore, developed
a “tiered” harvest strategy framework that could be applied across the spectrum from data
rich to data poor stocks. Supplementary tools, including simulation-based management
strategy evaluation (Smith et al. 1999), were used to ensure that the strategy at each tier met
the intent of the policy (to avoid overfishing). On the other hand, the national government’s
Department of the Environment did not make extensive use of either of the DSTs that were

relevant to their case studies: Project Prioritisation Protocol and Marxan.

We identified various factors from the literature that may explain use or non-use of DSTs in
these types of policies, and our results provide insights into how important these factors have
been, at least in the seven case studies we have investigated. The managers we interviewed
indicated that the alignment of a DST with policy objectives and its ability to be useful even
in the presence of missing data were two of the most important factors influencing use of
DSTs when developing these policies. On the other hand, two other factors from the literature
were perceived by the managers as being less important: the presence of a champion of the

DST within the management agency, and the time required to apply the tool.

The interviews also revealed a range of additional factors that we had not identified from the
literature, including the existence of multiple (potentially unstated) policy objectives, the
autonomy of the agency, the employee time costs of applying the DST, and the quality of

communication.

There were a number of reasons suggested as to why the relatively autonomous agencies
(AFMA and GBRMPA) were more likely to use DSTs. Both agencies have a long history of
engagement with and use of research, which seems to have grown from a preference to hire
staff with research training and/or a skill set in marine science, fisheries management or
ecology. Staff and researcher networks were well established, given that staff generally
stayed in the same policy area for a long time. By contrast, in the public service of the
Australian Government, there is a culture that encourages rapid movement between jobs and

often even between agencies, and plays down the importance of content expertise.

Another possible explanation for the difference arises from the autonomy in how AFMA and
GBRMPA operate and make decisions. They do operate within broad legislative and policy
frameworks, but they have operational flexibility about how goals are achieved, perhaps

making it easier to adopt novel processes, relative to the national environment agency. They
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are probably less prone to intervention by a government minister concerned with the politics
of an issue, which is likely to make it easier for transparent and systematic decision processes
to operate. They also have a greater emphasis on day-to-day engagement with stakeholders,
such that the potential benefits of a DST in enhancing engagement may be more apparent.

Another interesting result was the diversity of views on Marxan amongst agencies
responsible for essentially the same conservation management problem. To some extent this
may reflect differences in the policy contexts or the clarity of communication, in terms of
researchers effectively conveying the tool’s capabilities and suitability for supporting policy
development. However, it also may be due to attitudinal differences amongst the groups of
people actually involved in the decision processes. In our experience there is wide variation
amongst agency staff in the attitudes towards models, decision tools, and transparent,
systematic decision processes generally. This may be as important in driving the recorded
differences in perceived suitability as anything else. Negative attitudes to DSTs may be
modified to some degree by training, persuasion or the development of trusted relationships,
but they also may be deeply ingrained and difficult or impossible to change, even when they
seem to be based on misconceptions.

This study offers a number of insights that may help to improve the use of DSTs in
conservation policy. One key finding is that the likelihood of a DST being used well to
support policy development depends in part on the nature of the body or agency which is
being supported. We found that effective tool use was relatively more likely in agencies that
were independent from central government to some extent, staffed by people with strong
subject expertise (e.g. scientists) and more closely connected to stakeholders in the
community. This suggests that, in prioritising their efforts, DST developers might choose to
give less emphasis to large central government agencies that need to be most attentive to the
concerns of political leaders, have rapid staff movements and are relatively distant from the

community.

In a similar vein, we identified the importance of the individual attitudes and motivations of
policy makers. Different individuals were observed to be more or less open to the potential
benefits from a structured systematic approach to decision making, and this too may be
relevant to DST developers when prioritising their efforts or developing their engagement

strategies.
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While it was not essential for there to be a champion or advocate to promote the use of a DST
in these case studies, our results reinforce the recognised importance of clear communication
between tool developers and agency staff. We were able to identify specific issues over
which good communication by DST experts was particularly important: capabilities and
limitations of the DST; how to deal with missing information when using the tool; how to use
the tool in a way that supports, rather than conflicts with, policy objectives (perhaps including
equity); and how the tool can be used to support constructive stakeholder engagement,
including how to avoid creating the impression that model results determine decisions and
over-ride other considerations. One the policy-maker side, there is a need to communicate
clearly about a policy’s objectives, including clarity about the relative importance of

conflicting objectives.

In the longer term, uptake can be enhanced if the DST developers are able to develop a strong
understanding of the policy context, its needs and constraints, and thereby adjust tools to

better meet the needs of policy makers.
Acknowledgements
We thank the policy makers who volunteered their time to be interviewed for this study.

Funding: This work was supported by the ARC Centre of Excellence for Environmental
Decisions and the Australian Government’s National Environmental Research Program

(Environmental Decisions Hub and Marine Biodiversity Hub).

References

Addison, P.F.E, Rumpff, L., Bau, S.S., Carey, J.M., Chee, Y.E., Jarrad, F.C., McBride M.F.,
Burgman, M.A., 2013. Practical solutions for making models indispensable in
conservation decision-making. Diversity and Distributions. 19, 490-502.

Ball, I.R., Possingham, H.P., Watts, M., 2009. Marxan and relatives: Software for spatial
conservation prioritisation, in: Moilanen, A., Wilson, K.A., Possingham, H.P. (Eds),
Spatial conservation prioritisation: Quantitative methods and computational tools. Oxford
University Press, Oxford, pp. 185-195.

Briggs, S.V., 2006. Integrating policy and science in natural resources: Why so difficult?
Ecological Management and Restoration. 7, 37-37.

16

https://www.nespmarine.edu.au/document/factors-influencing-use-decision-support-tools-development-and-design-conservation-policy


http://www.oup.com/uk/catalogue/?ci=9780199547777

481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513

http://www.sciencedirect.com/science/article/pii/S1462901116306876 POSTPRINT

Cvitanovic, C., Hobday, A.J., vanKerkhoff, L., Marshall, N.A., 2015. Overcoming barriers to
knowledge exchange for adaptive resource management; the perspectives of Australian
marine scientists. Marine Policy. 52, 38-44.

Cook, C.N., Carter, R.W., Fuller, R.A., Hockings, M., 2012. Managers consider multiple
lines of evidence important for biodiversity management decisions. Journal of
Environmental Management. 113, 341-346

Department of the Environment., 2014. History of the National Reserve System.
http://www.environment.gov.au/topics/land/nrs/about-nrs/history [accessed 23 December
2016].

Department of The Environment., 2014. South West Commonwealth Marine Reserves
Network. http://www.environment.gov.au/topics/marine/marine-reserves/south-west
[accessed 23 December 2016].

Director of National Parks., 2013. Draft South-west Commonwealth Marine Reserves
Network Management Plan 2014-24. Director of National Parks, Canberra.

Gibbons, P,. Zammit, C., Youngentob, K,. Possingham, H.P., Lindenmayer, D.B., Bekessy,
S., Burgman, M., Colyvan, M., Considine, M., Felton, A., Hobbs, R.J., Hurley, K.,
McAlpine, C., McCarthy, M.A., Moore, J., Robinson, D., Salt, D., Wintle, B., 2008.
Some practical suggestions for improving engagement between researchers and policy-
makers in natural resource management. Ecological Management and Restoration. 9,
182-186.

Great Barrier Reef Marine Park Authority., 2014. Overview of the Representative Areas
Program. http://www.gbrmpa.gov.au/zoning-permits-and-plans/rap [accessed 23
December 2016].

Fernandes, L., Day, J., Lewis, A., Slegers, S., Kerrigan, B., Breen, D., Cameron, D., Jago, B.,
Hall, J., Lowe, D., Innes, J., Tanzer, J., Chadwick, V., Thompson, L., Gorman, K.,
Simmons, M., Barnett, B., Sampson, K., De’ath, G., Mapstone, B., Marsh, H.,
Possingham, H., Ball, 1., Ward, T., Dobbs, K., Aumend, J., Slater, D., Stapleton, K., 2005.
Establishing Representative No-Take Areas in the Great Barrier Reef: Large-Scale
Implementation of Theory on Marine Protected Areas. Conservation Biology. 19, 1733-
1744,

Fulton, E.A., Smith, A.D.M., Smith, D.C., Johnson, P., 2014. An integrated approach is
needed for ecosystem based fisheries management: insights from ecosystem-level

management strategy evaluation. PLoS ONE. 0i:10.1371/journal.pone.0084242.

17

https://www.nespmarine.edu.au/document/factors-influencing-use-decision-support-tools-development-and-design-conservation-policy



514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547

http://www.sciencedirect.com/science/article/pii/S1462901116306876 POSTPRINT

Jacobs, K., 2002. Connecting Science, Policy and Decision-Making: A Handbook for
Researchers and Science Agencies. NOAA Office of Global Programs, Boulder,
Colorado.

Jones, C. and McNamara, L (2014). Usefulness of two bioeconomic frameworks for
evaluation of community-initiated species conservation projects. Wildlife Research 41,
106-116.

Joseph, L.N., Maloney, R., Possingham, H.P., 2009. Optimal allocation of resources among
threatened species: a project prioritization protocol. Conservation Biology. 23, 328- 338.

Mclintosh, B.S., Ascough, J.C., Twery, M., Chew, J., EImahdi, A., Haase, D., Harou, J.J.,
Hepting, D., Cuddy, S., Jakeman, A.J., Chen, S., Kassahun, A., Lautenbach, S.,
Matthews, K., Merritt, M., Quinn, N.W.T., Rodriguez-Roda, I., Sieber, S., Stavenga, M.,
Sulis, A., Ticehurst, J., Volk, M., Wrobel, M., van Delden, H., ElI-Sawah, S., Rizzoli, A.,
Voinov, A., 2011. Environmental decision support systems (EDSS) development:
Challenges and best practices. Environmental Modelling and Software. 26, 1389-1402.

Mumford, T., Harvey, N., 2014. Champions as influencers of science uptake into Australian
coastal zone policy. Coastal Management. 42, 495-511.

Nilsson, M., Jordan, A., Turnpenny, J., Hertin, J., Nykvist , B., Russel, D., 2008. The use and
non-use of policy appraisal tools in public policy making: an analysis of three European
countries and the European Union. Journal of Policy Science. 41, 335-355.

Office of Environment and Heritage. 2013. Introducing saving our species: together we can
secure threatened species in NSW.
http://www.environment.nsw.gov.au/SavingOurSpecies/130344introsos.htm [accessed 23
December 2016].

Omkarprasad, V.S., Kumar, S., 2006. Analytic hierarchy process: An overview of
applications. European Journal of Operational Research, 169(1), 1-29.

Pacini, G..C, Gabellini, L., Roberts A.M., Vazzana, C., Park, G. and Pannell, D.J. (2013)
Assessing the Potential of INFFER to Improve Management of Agri-environmental
Assets in Tuscany. Italian Journal of Agronomy 8e27, 224-232.

Pannell, D.J., Roberts, A.M., 2009. Conducting and delivering integrated research to
influence land-use policy: salinity policy in Australia. Environmental Science and Policy.
12, 1088-1098.

Pannell, D.J., Roberts, A.M., Park, G., Alexander, J., Curatolo, A., Marsh, S., 2012.
Integrated assessment of public investment in land-use change to protect environmental
assets in Australia. Land Use Policy. 29, 377-387.

18

https://www.nespmarine.edu.au/document/factors-influencing-use-decision-support-tools-development-and-design-conservation-policy



548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
S77
578

http://www.sciencedirect.com/science/article/pii/S1462901116306876 POSTPRINT

Possingham, H., Ward, T., Stewart, R., Segan, D., Kircher, L., 2009. Systematic conservation
planning: A network of marine sanctuaries for the Commonwealth’s South-West Marine
Region. Prepared for PEW Environment Group, Log No. 2006-000202.

Reynolds, K.M., Hessburg, P.F., Bourgeron, P.S., 2014. Making Transparent Environmental
Management Decisions: Applications of the Ecosystem Management Decision Support
System. Springer, Berlin/Heidelberg.

Roberts, A.M., Pannell, D.J., Doole, G., Vigiak, O., 2012. Agricultural land management
strategies to reduce phosphorus loads in the Gippsland Lakes, Australia. Agricultural
Systems. 106, 11-22.

Rogers, A.A., Kragt, M.E., Gibson, F.L., Burton, M.P., Petersen E.H., Pannell, D.J., 2015.
Non-market valuation: usage and impacts in environmental policy in Australia. The
Australian Journal of Agricultural and Resource Economics. 59, 1-15.

Smith, A.D.M., Sainsbury, K.J., Stevens R.A., 1999. Implementing effective fisheries
management systems — management strategy evaluation and the Australian partnership
approach. ICES Journal of Marine Science. 56, 967-979.

Smith, A.D.M., Smith, D.C., 2005. A harvest strategy framework for the SESSF. Report to
the Australian Fisheries Management Authority, Canberra.

Smith, A.D.M., Smith, D.C., Tuck, G.N., Klaer, N., Punt, A.E., Knuckey, I., Prince, J.,
Morison, A., Kloser, R., Haddon, M., Wayte, S., Day, J., Fay, G., Pribac, F., Fuller, M.,
Taylor, B., Little, L.R., 2008. Experience in implementing harvest strategies in
Australia’s south-eastern fisheries. Fisheries Research. 94, 373-379.

Szabo, J.K., Briggs, S.V., Lonie, R., Bell, L., Maloney, R., Joseph, L.N., Hunter, 1.,
Possingham, H.P., 2009. The feasibility of applying a cost-effective approach for
assigning priorities for threatened species recovery with a case study from New South
Wales, Australia. Pacific Conservation Biology. 15, 238-245.

Wallace, P. J., Fluker, S., 2016. Protection of Threatened Species in New Zealand. New
Zealand Journal of Environmental Law. 19, 179-205.

Watson, J.E.M., Evans, M.C., Carwardine, J, Fuller, R.A., Joseph, L.N., Segan, D.B., Taylor,
M.F.J., Fensham, R.J., Possingham, H.P., 2010. The Capacity of Australia’s Protected-
Area System to Represent Threatened Species. Conservation Biology. 25, 324-332.

19

https://www.nespmarine.edu.au/document/factors-influencing-use-decision-support-tools-development-and-design-conservation-policy



http://www.sciencedirect.com/science/article/pii/S1462901116306876 POSTPRINT
Table 1 Description of each policy used for analysis.
Policy Policy objective Responsible Location Policy history and Decision Matched Relevant
agency timeframe context suitable literature
decision tool
Threatened The Act protects Department of  Australian EPBC Act 1999 — Ongoing Project Joseph et al.
Species Australia's native species  the mainland and legislation management Prioritisation  (2009)
Protection: and ecological Environment, marine waters commenced in Protocol
Commonwealth communities by providing  Australian 2000.
EPBC Act for development of Government Protection of
conservation advice and threatened species
recovery plans for listed P
: ) as a legal
species and ecological requirement 2000-
communities. q
present.
Threatened While a threat Department of  New Zealand Related Acts: Ongoing Project Joseph et al.
Species classification system Conservation, Wildlife Act 1953 management Prioritisation  (2009)
Protection: New  exists, there is no policy New Zealand ' Protocol
Zealand or legislation specifically Marine Mammals
for the protection of Protection Act 1978;
threatened species in .
New Zealand. Some Cons.ervauon Act
listed species are 1987
protected if they satisfy Resource
the conditions of other Management Act
conservation-related Acts. 1991.
Recent recognition
that a dedicated
policy for threatened
species would be
beneficial (e.g.
Wallace & Fluker
2016).
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Policy Policy objective Responsible Location Policy history and Decision Matched Relevant
agency timeframe context suitable literature
decision tool
Threatened To align efforts under a Environment New South Threatened Species Ongoing Project Joseph et al.
Species single banner, so and Heritage, Wales, Conservation Act management Prioritisation  (2009); Szabo
Protection: New  investment in threatened New South Australia 1995 (NSW). Protocol et al. (2009);
South Wales species conservation can ~ Wales Office of
be accounted for; assign EPBC Act 1999. Environment
threatened species to Protection of and Heritage
different management threatened species (2013)
streams so the individual as a legal
requirements of each requirement 1995
species can be met; invite (State listed
the NSW community and species)-; 1999
businesses to participate, (Commonwealth
because projects to save listed species)-
threatened species are present.
collaborative efforts
Southern and To sustainably manage Australian The waters of Fisheries Ongoing Harvest Smith and
Eastern stocks for this complex Fisheries sub-tropical sustainability issues  management Strategy Smith (2005);
Scalefish and multispecies fishery Management south-east noted in early Framework Smith et al.
Shark Fishery Authority Queensland 2000s. (2008); Smith
(SESSF) (AFMA) _srouth to Conditions placed et al. (2014)
asmania and ! .
on fishery in 2003 to
then westward adhere to EPBC
to south-west Act
Western '
Australia Policy development
2005.
Representative To improve biodiversity Great Barrier Great Barrier Recognition of Discrete Marxan Ball et al.
Areas Program protection, primarily by Reef Marine Reef Marine problem in 1990’s. planning (2009);
(RAP) increasing the extent of Park Authority  Park (GBRMP), Policy develooment Fernandes et
no-take areas in the park. (GBRMPA) Queensland y P al. (2005)

An additional aim of the
program was to maximise

1999-2004.
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Policy Policy objective Responsible Location Policy history and Decision Matched Relevant
agency timeframe context suitable literature
decision tool

benefits / minimise
negative impacts of
rezoning in the GBRMP

South West To manage the reserves Department of  The waters of Recognition of Discrete Marxan Department of
Marine Reserve  (within the network) for the Kangaroo problem in 1990’s. planning the
Network the primary purpose of Environment, Island (South Commitment to Environment
(SWMRN) conserving the Australian Australia) to desianing network in (2014);
biodiversity found in them, Government offshore from 1993 9 Possingham et
while also allowing for the Shark Bay : al. (2009); Ball
sustainable use of natural (Western Policy development et al. (2009)
resources in some areas Australia) 2007-2012.
Policy review 2013-
2015.
National Reserve To protect 17 per cent of Department of  Mainland Ratification of Ongoing Marxan DoTE (2014c);
System (NRS) Australia’s bio-regions in the Australia Convention on management Ball et al.
the National Reserve Environment, Biological Diversity (2009);
System by 2020 Australian (Rio Earth Summit) Watson et al.
Government 1992. (2010)

Policy implemented
under a variety of
program names
from 1992-present.
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Table 2 The importance (not important, somewhat important or important) of factors that facilitate the use of decision tools in policy development.
Policy Perceived Presence Presence  Existence of Presence of Toolis Tool can Policy Tool
level of of a of an a large able to be applied process capabilities
tool use champion  advocate relationship  numbers of deal with quickly allows align with
for the tool  for the tool between stakeholder  missing adequate policy
within the  outside of  agency staff groups information time for tool objectives
agency the and tool affected by use
agency experts the outcome
Threatened Species None Not n/a Somewhat Somewhat Not n/a Somewhat
Protection: Australian important important important important important
national
Threatened Species Moderate n/a? Somewhat Not Not
Protection: New Zealand important important important
Threatened Species Moderate ~ Somewhat Somewhat Somewhat Not Not Not
Protection: New South important  important  important important important  important
Wales
Southern and Eastern High n/at n/a
Scalefish and Shark Fishery
(SESSF)
Representative Areas High Not

Program (RAP) important

South West Marine Reserve  Low Not Somewhat Not Not

Network (SWMRN) important  important ~ important important

National Reserve System None n/a n/a n/a n/a Somewhat
(NRS) important

Not
important

Somewhat
important

n/a: questions were not asked when they were deemed not relevant based on how the discussion was proceeding.

There was an established relationship and trust between AFMA and the researchers commissioned to create the Harvest Strategy Framework, such that the Harvest Strategy Framework was used instantly and the step

of internal championing was not necessary in this case. 2This question wasn’t asked because it was evident that the uptake of the tool was strongly driven internally.
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Southern and Eastern Scalefish and Shark Fishery (SESSF)

The SESSF extends from the waters of sub-tropical south-east Queensland south to Tasmania
and then westward to south-west Western Australia In the early 2000s a high proportion of
fish stocks in the SESSF were overfished, making it difficult for the fishery to meet
sustainability criteria under the Commonwealth Environment Protection and Biodiversity
Conservation Act of 1999. As a result, a number of conditions were placed on the SESSF in
2003, including one requiring that a formal harvest strategy be introduced for key species. In
2005, researchers were engaged to develop a suitable Harvest Strategy Framework that could
be applied to all 32 quota-managed stocks in the fishery. The harvest strategy was required to
provide a formal set of rules for monitoring, assessing, and managing the fishery, including
explicit decision rules for setting annual quotas. The process from initial development of the
Harvest Strategy Framework to endorsement occurred within 3 months (Smith et al. 2008),
although previous research on harvest strategies for several individual stocks had laid the

groundwork.
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Representative Areas Program (RAP)

In the mid-1990s concerns were raised that the system of zoning at the time were inadequate
to protect the range of biodiversity that existed in the Great Barrier Reef Marine Park.
Between 1999 and 2004, the Great Barrier Reef Marine Authority undertook a systematic
planning and consultative program. The Great Barrier Reef Marine Park Zoning Plan 2003,
which was developed as a result of the RAP and has been in operation since 1 July 2004
(GBRMPA 2011).

Fernandes et al. (2005) outline the main steps in the process applied in the GBRMP.

South West Marine Reserve Network (SWMRN)

The SWMRN extends from the waters of Kangaroo Island (South Australia) to offshore from
Shark Bay (Western Australia). In 1998 the Commonwealth, States and Northern Territory
governments committed themselves to establishing the National Representative System of
Marine Protected Areas by 2012. Bioregional Profiles were released for the South-west
Marine Region in October 2007. A draft proposal was released in May 2011 for public
feedback. The reserves came into effect on 17 November 2012. The management plan review

is currently in progress.

Possingham et al. (2009) undertook a Marxan analysis to identify a set of marine sanctuaries
that would cover the smallest area while satisfying the condition of protecting important

conservation features and having the smallest displacement of existing uses.

National Reserve System (NRS)

The NRS has its origins in the Rio Earth Summit of 1992. Between 1992 and 1996, $11.5
million was spent on the National Reserve System Cooperative Program. By 1996, the
Program consisted of more than 5,600 properties covering almost 60 million hectares.
Between 1996 and 2007, an additional 30 million hectares were added to the reserve system.

In March 2008, the new Australian Government announced that the NRS would be one of its
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six priorities under a new environmental initiative called Caring for our Country. The

Government committed increased funding of $180 million over five years (DotE, 2014)

Watson et al. (2010) examined the distributions of 1320 nationally listed species on
Australia’s EPBC Act and assessed how well the nation’s 9000 plus reserves (covering
11.6% of Australia) protects these species. They found over 80% of the species analysed
were inadequately protected. Using Marxan, they devised a reserve system that protected

target numbers of threatened species for the least cost.
Threatened Species Protection — Commonwealth and State Government

The Environment Protection and Biodiversity Conservation Act 1999 focuses Australian
Government interests on the protection of matters of national environmental significance.
Each state and territory has responsibility for matters of state and local significance, meaning
there is often some cross over in species listings. The Act is a means for identification and
listing of species and ecological communities as threatened; development of conservation
advice and recovery plans for listed species and ecological communities; development of a
register of critical habitat; recognition of key threatening processes; and where appropriate,
reducing the impacts of these processes through threat abatement plans.

Threatened Species Protection — New Zealand

The Statement of Intent produced for the 2011-2014 period sets out the aims for improving
the state of New Zealand’s natural heritage and contributes to the New Zealand Biodiversity
Strategy. A key objective is to provide better conservation returns from the management of

species and ecosystems within existing funding levels.

Joseph et al. (2009) used a subset of 32 species listed on New Zealand’s list of threatened
species to illustrate the Project Prioritisation Protocol (PPP). They found the use of PPP can
substantially improve conservation outcomes for threatened species by increasing efficiency

and ensuring transparency of management decisions.
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Threatened Species Protection — New South Wales (NSW) Saving our Species

Saving our Species covers all species, populations and communities listed as threatened in the
NSW Threatened Species Conservation Act 1995. It also covers many species listed in the
Commonwealth Environmental Protection and Biodiversity Conservation Act 1999 that occur
in NSW. The program objective is to maximise the number of threatened species that are

secure in the wild in NSW for 100 years.

Szabo et al. (2009) used the Project Prioritisation Protocol for an example case study on a
sample of 20 threatened species in the NSW. They found assigning funding to recovery of
threatened species based on PPP equation allows the most recovery of species (10 of the 20

threatened species in the example).
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