
Contents lists available at ScienceDirect

Journal of Environmental Management

journal homepage: www.elsevier.com/locate/jenvman

How practitioners integrate decision triggers with existing metrics in
conservation monitoring
Claire N. Fostera,∗∗,1, Luke S. O'Loughlina,∗,1, Chloe F. Satoa, Martin J. Westgatea,
Philip S. Bartona, Jennifer C. Piersona,b, Jayne M. Balmerc, Gareth Cattd, Jane Chapmane,
Tanya Dettof, Amy Hawcroftg, Glenys Jonesh, Rodney P. Kavanaghi, Meredith McKayg,
Deanna Marshallj, Katherine E. Mosebyk,l, Mike Perryg, Doug Robinsonj,m, Julian A. Seddonn,
Katherine Tuftk, David B. Lindenmayera

a Fenner School of Environment and Society, The Australian National University, Canberra, ACT, 2601, Australia
b Tidbinbilla Nature Reserve, ACT Government, Tharwa, Australia
cDepartment of Primary Industries, Parks, Water and Environment, Hobart, TAS, 7000, Australia
d Kanyirninpa Jukurrpa, PO Box 504, Newman, WA, 6753, Australia
e Department of Biodiversity, Conservation and Attractions, Kensington, WA, 6151, Australia
f Christmas Island National Park, Christmas Island, 6798, Australia
g Department of Conservation, New Zealand
h School of Land and Food - Geography & Spatial Science, University of Tasmania, Hobart, TAS, 7001, Australia
i Australian Wildlife Conservancy, GPO Box 4301, Sydney, NSW, 2001, Australia
j Trust For Nature, Melbourne, VIC, 3000, Australia
k Arid Recovery, Olympic Dam South Australia, Australia
l School of Biological, Earth and Environmental Sciences, University of New South Wales, Kensington, NSW, 2052, Australia
mDepartment of Ecology, Environment and Evolution, La Trobe University, Bundoora, VIC, 3086, Australia
nACT Environment, Planning and Sustainable Development Directorate, GPO Box 158, Canberra, ACT, 2601, Australia

A R T I C L E I N F O

Keywords:
Decision thresholds
Evidence-based management
Indicators
Monitoring
Proxy
Surrogates

A B S T R A C T

Decision triggers are defined thresholds in the status of monitored variables that indicate when to undertake
management, and avoid undesirable ecosystem change. Decision triggers are frequently recommended to con-
servation practitioners as a tool to facilitate evidence-based management practices, but there has been limited
attention paid to how practitioners are integrating decision triggers into existing monitoring programs. We
sought to understand whether conservation practitioners’ use of decision triggers was influenced by the type of
variables in their monitoring programs. We investigated this question using a practitioner-focused workshop
involving a structured discussion and review of eight monitoring programs. Among our case studies, direct
measures of biodiversity (e.g. native species) were more commonly monitored, but less likely to be linked to
decision triggers (10% with triggers) than measures being used as surrogates (54% with triggers) for program
objectives. This was because decision triggers were associated with management of threatening processes, which
were often monitored as a surrogate for a biodiversity asset of interest. By contrast, direct measures of biodi-
versity were more commonly associated with informal decision processes that led to activities such as man-
agement reviews or external consultation. Workshop participants were in favor of including more formalized
decision triggers in their programs, but were limited by incomplete ecological knowledge, lack of appropriately
skilled staff, funding constraints, and/or uncertainty regarding intervention effectiveness. We recommend that
practitioners consider including decision triggers for discussion activities (such as external consultation) in their
programs as more than just early warning points for future interventions, particularly for direct measures.
Decision triggers for discussions should be recognized as a critical feature of monitoring programs where in-
formation and operational limitations inhibit the use of decision triggers for interventions.
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1. Introduction

Conservation monitoring programs are needed to assess trends in
biodiversity, evaluate management effectiveness, and detect ecosystem
changes (Lindenmayer et al., 2013; Nichols and Williams, 2006). These
programs play a critical role in informing decisions about when to in-
tervene to conserve the things we value (Nichols and Williams, 2006;
Westgate et al., 2013). However, programs often do not clearly ar-
ticulate how monitoring information will prompt management actions,
an oversight that can contribute to further biodiversity loss
(Lindenmayer et al., 2013; Woinarski et al., 2017). Recently, significant
focus has been placed on integrating decision triggers (see Table 1) into
monitoring programs to facilitate evidence-based management
(Addison et al., 2016; Cook et al., 2016; de Bie et al., 2018). Decision
triggers represent a point, zone or threshold in the status of a measure
that indicates when management is required to maintain or reinstate a
desired ecosystem state (see Addison et al., 2016; Cook et al., 2016).
Similar to other threshold and reference point concepts in evidence-
based management, there are many technical and non-technical ap-
proaches for identifying decision triggers (e.g. Martin et al., 2009;
Morrison, 2008).

The benefits of adopting decision triggers for facilitating timely
management actions are widely recognized (Addison et al., 2016; Cook
et al., 2016; Nichols and Williams, 2006), and methodologies for fitting
decision triggers into existing management frameworks have been de-
tailed (de Bie et al., 2018). Although practitioners view decision trig-
gers as a valuable management tool (Cook et al., 2016), there can be
substantial financial, political, and scientific barriers to implementation
(Addison et al., 2016; de Bie et al., 2018). This means practitioners will
adapt new tools to fit with existing programs, rather than substantially
modify programs to fit with new management tools (Lindenmayer et al.,
2011). While others have discussed approaches for developing in-
dicators for decision triggers (see Addison et al., 2016; Cook et al.,
2016; de Bie et al., 2018), there has been little exploration of how
practitioners integrate decision triggers into the structure of existing
monitoring programs where the variables being monitored are already
established. Addressing this knowledge gap is necessary to enable re-
searchers to better support practitioners to incorporate decision triggers

into monitoring programs, potentially leading to important benefits for
biodiversity conservation.

A key aspect of monitoring programs that could influence the ap-
plication of decision triggers is the types of variables that are measured
and how these are used to indicate progress towards, or away from,
program goals (Duelli and Obrist, 2003; Siddig et al., 2016). Indicators
are evaluated based on how accurately they represent a goal (Driscoll
et al., 2018), and can either be a direct measure, or a surrogate that is
used to make inferences about the goal (see Table 1) (Lindenmayer and
Likens, 2011). Monitoring programs may use a combination of surro-
gates and direct measures as indicators of their program goals. For
example, vegetation structural features might be measured as a surro-
gate for the presence of a threatened species known to rely on those
features, and/or used as a direct measure to inform a management
objective related to vegetation restoration (Lindenmayer et al., 2014;
Pierson et al., 2015). Existing work suggests that both surrogate mea-
sures and the indicators that underpin decision triggers must be re-
presentative of the attribute of interest, responsive, and cost-effective to
monitor (Addison et al., 2016; Lindenmayer et al., 2015). Surrogate
measures may therefore be more easily adapted to use with decision
triggers than direct measures. However, uncertainty in the relationship
between surrogates and the target could also discourage practitioners
from using surrogates to inform management interventions (O'Loughlin
et al., 2018).

The aim of this study was to understand how practitioners integrate
decision triggers into existing monitoring programs, and whether the
application of decision triggers was associated with the types of vari-
ables being monitored. We held a workshop between conservation
practitioners and researchers from Australia and New Zealand that
addressed three questions: (1) To what extent do practitioners use de-
cision triggers in their monitoring programs? (2) What kinds of mea-
sures and goals are commonly associated with decision triggers? and (3)
What factors have limited the successful implementation of decision
triggers, both for surrogates and for directly measured variables? We
synthesise the outcomes of our workshop and highlight the difficulties
often associated with integrating decision triggers for on-ground in-
terventions into existing monitoring programs. We discuss how for-
mally setting threshold points for discussion activities (e.g. review of

Table 1
Definitions and categories of measures, goals and decision triggers practitioners used to conceptualise their monitoring programs.

Term and categories Definition

Measure An attribute of an ecosystem (biotic or abiotic factor) that is monitored to provide information.
Similar terms used in other studies: variable, metric, indicator

Direct measure An ecosystem attribute measured to make inferences about that aspect of the ecosystem (see Lindenmayer and Likens, 2011).
Surrogate An ecosystem attribute measured and used to make inferences about another, different aspect of the ecosystem (the attribute of interest or target

attribute) (see Lindenmayer et al., 2015; Hunter et al., 2016).
Similar terms used in other studies: proxy, indicator

Goal A desired outcome of undertaking a monitoring and management program.
Similar terms used in other studies: targets, objectives

Decision triggera A point or zone in the status of a measure indicating when management action is required to maintain a desired ecosystem state or address undesirable
ecosystem change (see Addison et al., 2016; Cook et al., 2016). Decision trigger is formalized within a program (i.e. stated in program documents and
consistently applied), with quantitative thresholds, and pre-determined responses.
Similar term used in other studies: decision threshold

Potential trigger A decision trigger that has not been fully realised. The point or zone in the status of a measure indicating when management action is required to
maintain a desired ecosystem state or address undesirable ecosystem change is not explicitly identified (see Addison et al., 2016; Cook et al., 2016).
Decision trigger has been used in the recent history of the program but is not formalized (i.e. not recorded and consistently applied). May have less
defined quantitative thresholds, and/or rely upon the expert knowledge, experience and actions of individuals.

Activity The management action or activity that is undertaken in response to the point or zone in the status of a measure being reached.
Intervention Activity triggered is an on-ground management intervention (e.g. invasive species control, vegetation restoration) that is activated in response to a

pre-defined point in a measure being reached.
Discussion Activity triggered is anything other than on-ground management intervention, typically a pre-defined meeting, evaluation, consultation or review

activity with internal staff or external stakeholders (e.g. review of management action, review of monitoring, planning, policy evaluation, reporting,
engaging with researchers).

a Practitioners classified each decision trigger and each potential trigger as either an ‘intervention’ or ‘discussion’ meaning four specific types of triggers are
considered in our study; Intervention Decision Trigger, Discussion Decision Trigger, Intervention Potential Trigger, and Discussion Potential Trigger.
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management, external consultation, commissioning of research), par-
ticularly for direct measures of biodiversity assets, can increase the use
of such measures for evidence-based management.

2. Approach

We employed a case-study approach, comprising a workshop in-
cluding 15 conservation practitioners, and focussing on eight case study
monitoring programs. Our workshop was held in August 2017 and in-
volved practitioners representing 10 government and non-government
organizations from Australia and New Zealand. Practitioners were re-
sponsible for monitoring and managing a variety of ecosystems (tro-
pical to temperate, forest to desert), across a range of spatial scales
(from 10s to 100 000s of square km), on both public and private land.
All practitioners were involved in one of the eight case study mon-
itoring programs.

The eight case study programs all aimed to inform biodiversity
management and were established between 1 and 20 years ago
(median = 6.5 years). Three of the eight case studies included reserve-
wide (or multi-reserve) monitoring programs, three were focused on a
particular management issue, and the remaining two were sub-com-
ponents of larger-scale monitoring programs. One to three practitioners
represented each program. Practitioners were responsible for one or
more of the following activities: program design and implementation,
providing scientific advice, collecting monitoring data and on-ground
management.

During the workshop, practitioners conceptualised their monitoring
programs using a pre-defined framework so that comparable informa-
tion was generated for all programs (see Fig. 1). The framework asked
practitioners to consider monitored variables in terms of how they in-
formed the management goals of the program. This process involved
creating a list of measures (these could be simple or summary measures,
e.g. occurrence of bird species or bird species richness) and a list of
goals (these could be focussed or aspirational, e.g. increased occurrence
of threatened birds or to conserve biodiversity), and then linking
measures to the goal they were meant to inform (Fig. 1, Table 1).
Measures could have links to multiple goals and similarly, goals could
be informed by multiple measures. No program consisted only of single
measures informing single goals, with all programs instead con-
ceptualised as interlinked networks of varying complexity (see Fig. 1).
Most measures identified by practitioners were measures of biodiversity
assets (e.g. abundance of a native species) or threats (e.g. the frequency
of fire), but some programs also included measures of drivers of threats
(e.g. high rainfall and the resulting high biomass density can be driver
of large, hot wildfires, but is not a threat in itself).

Once links between measures and goals were established for each
program, information related to the relationship between the measure
and the goal, existing decision triggers and potential decision triggers
were added. First, each link between a measure and a goal was iden-
tified as either a direct measure or a surrogate, or both (see Table 1 for
definitions). For example, measuring the abundance of the introduced
European rabbit (Oryctolagus cuniculus) would be considered a direct
measure when informing a goal related to decreased abundance of in-
vasive species, or considered a surrogate when informing a goal related
to improved vegetation cover (see Fig. 1).

Second, practitioners identified which links between measures and
goals included an existing formalized decision trigger. Each decision
trigger was classified based on whether the action initiated was an on-
ground management intervention or a discussion activity (see Table 1).
Third, practitioners identified on which links there were ‘potential
triggers’ that represented cases where decisions had been made in the
past (via informal processes) based on changes in monitored variables
(see Table 1). Each potential trigger was also classified based on activity
(intervention vs discussion) meaning four different types of triggers
were documented (i.e. intervention decision trigger, discussion decision
trigger, intervention potential trigger or discussion potential trigger).

For example, an intervention decision trigger could be to initiate feral
predator control at a particular predator density, whereas a discussion
potential trigger might be to engage with researchers if vegetation
condition is declining despite management of known threats.

These conceptualisations of the program structures were then col-
lated, summarised and descriptive statistics calculated across the eight
case studies. Descriptive statistics rather than quantitative analyses
were used due to the type of data collected and the relatively small
number of case studies employed. Our approach was designed to cap-
ture the collective experiences of participants in detail, rather than as a
randomised and replicated quantitative study.

Following the conceptualisation exercise, we used facilitated dis-
cussion to elicit practitioner perspectives on when and where surrogate
measures are most and least useful for informing decisions (including
examples from their experiences), the advantages and disadvantages of
using formalized decision triggers, and factors that limit development
and/or implementation of decision triggers in their monitoring pro-
grams. This discussion did not produce quantitative data. Findings we
present from this exercise represent the issues that practitioners agreed
were both important and consistent among programs.

3. Insights into the use of decision triggers and associated metrics

3.1. Question 1: how often are decision triggers used?

Practitioners identified 66 measures linked to 48 different goals
across the eight different monitoring programs, with individual pro-
grams consisting of 3–15 measures linked to 3–9 goals (Fig. 2a and b).
Most measures (59%) were direct measures of program goals (e.g.
counts of native plants and animals to inform a goal of conserving
biodiversity). Surrogates were also used by most programs (e.g. mea-
sures of vegetation structure or invasive species to inform a target re-
lated to native fauna), with 20% of measures used only as surrogates,
and 15% used as both surrogate and direct measures for different
management goals. The proportion of measures used as surrogates (for
one or more goals) varied substantially among programs (from 0 to
80% of measures, median = 35%). Practitioners expressed a preference
for direct measures, reflected by the majority of goals being informed
by direct measures only (56%), compared to those informed only by
surrogates (16%), or by a combination of surrogate and direct measures
(25%).

Five monitoring programs included decision triggers and potential
triggers, one included only potential triggers and the remaining two
included none (Fig. 2a). Across the eight programs, practitioners
identified a total of 15 decision triggers, linked to 17% of all measures
and 27% of all goals. A further 18 potential triggers were identified
across the programs, which, if developed into formalized decision
triggers, would mean an additional 16% of all measures and 15% of all
goals would be linked with decision triggers. Overall, the programs that
measured fewer variables tended to have higher proportions of mea-
sures with triggers (Fig. 2a). Similarly, triggers tended to be attached to
goals in higher proportions where programs had fewer goals (Fig. 2b).
This potentially reflected differences between programs focused
strongly on a few key issues with known management interventions
(e.g. the control of an invasive predator with a culling program), and
those with broader biodiversity conservation goals, where it may not be
possible or appropriate to pre-identify management interventions for all
goals.

3.2. Question 2: what kinds of measures and goals are decision triggers used
for?

The majority of decision triggers in our case study programs were
attached to surrogates (66%), were for interventions (60%), and were
all attached to a measure of a threat or a driver of threat (Fig. 2c). In
contrast, potential triggers were most often associated with direct

C.N. Foster et al. Journal of Environmental Management 230 (2019) 94–101

96



measures (78%), measures of biodiversity assets (61%) and were most
often for discussion activities (61%) (Fig. 2d). These results indicate
that goals informed by surrogate measures (which were usually mea-
sures of threats) were more likely to have decision triggers than goals
informed by direct measures of a biodiversity asset. Fourteen of the 15
identified decision triggers were for the planning and implementation

of control programs for invasive or overabundant species. The most
common intervention action was to initiate a control program if high
densities of introduced mammals were detected. In contrast, most po-
tential triggers for discussions were to review management and re-
search options if a particular native species was in decline.

The pattern of attaching decision triggers for intervention to threats

Fig. 1. Representation of a ‘typical’ monitoring program discussed at the workshop, illustrating how measured variables link to management goals, what types of
measures were used to link variables and goals (direct measures or surrogates), which links had decision triggers or potential triggers attached, and whether
intervention or discussion activities were triggered (see Table 1 for definitions of classifications used). Our approach intentionally simplified a monitoring program
down to its core components to (1) focus explicitly on how goals are informed by measures (not how measures inform other measures, or how goals inform other
goals) and (2) allow comparison among dissimilar programs.
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and having potential triggers for discussion linked to biodiversity assets
probably reflects three factors. First, practitioners’ focus on actively
managing threats as a means of protecting conservation assets.
Developing decision triggers is likely to be simpler for threats, as de-
sirable and undesirable states can be easily distinguished, and appro-
priate management interventions can often be pre-identified (Fig. 3a).
For example, where practitioners were managing a fenced reserved that
sought to be predator-free, any damage to the fence infrastructure or
detection of an invasive predator triggered actions including fence re-
pairs, additional monitoring, and targeted predator removal. In con-
trast, for many biodiversity assets, desirable and undesirable states may
be difficult to identify (e.g. distinguishing natural fluctuations from
problematic population change), and pre-identifying effective man-
agement interventions may not be possible or appropriate (Fig. 3a). For
example, where the reason for a change in abundance of a native an-
imal may not be clear, practitioners were cautious to set thresholds and
actions for risk of implementing a management intervention that could
make things worse.

Second, practitioners considered a representative and responsive
surrogate as more capable of facilitating a timely response to a potential
management issue. For example, in a situation where both a native
species (e.g. bird abundance) and a key threat (e.g. rat predation) are
monitored, a trigger attached to the direct measure of the native species
could leave managers insufficient time to respond if a decline is ob-
served. This is particularly the case for rare or cryptic native species
where monitoring data are often sparse, and the power to detect

population declines is limited (Nielsen et al., 2009). The problem with
relying solely on native species as monitoring variables is clearly illu-
strated by the recent extinctions of the Christmas Island pipistrelle
(Pipistrellus murrayi) and forest skink (Emoia nativitatis) (Woinarski
et al., 2017). The likely threats to these species – introduced giant
centipedes (Scolopendra subspinipes) and wolf snakes (Lycodon capu-
cinus) – were not monitored (Smith et al., 2012), and declines in the
species themselves were recognized too late to implement effective
interventions. Failure to monitor appropriate surrogates in situations
where changes in native species might be difficult to detect may leave
insufficient time to organize an effective management response.

Third, attaching decision triggers to surrogates allowed some
practitioners to balance monitoring and management priorities.
Managers are often required to monitor specific ecosystem attributes
for legislative, licensing or reporting purposes. For example, permit
applications to cull pest animals often require robust estimates of pest
numbers. Managers are therefore required to regularly monitor pest
animal numbers which may divert resources away from monitoring of
species of conservation concern. Where a required measure (e.g. rabbit
abundance) can be identified as a surrogate for an attribute of interest
(e.g. habitat condition for a native species), monitoring of the surrogate
can allow managers to reduce monitoring of the attribute of interest,
and meet both monitoring and management objectives within limited
project budgets and time-frames.

The association we observed in our case studies between decision
triggers and surrogates is not surprising given the preference

Fig. 2. Summary of (a) the number measures and (b) the number of goals for each monitoring program and their association with decision triggers and potential
triggers. Summary of (c) decision triggers and (d) potential triggers from across the monitoring programs in terms of the types of measures they are attached to and
the activities triggered (see Table 1 for classifications and definitions).
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practitioners expressed for evidence-based management approaches,
and the similar depth of ecosystem knowledge required to develop both
surrogates and decision triggers. The intrinsic uncertainty present with
using a surrogate to inform a management goal (compared with using a
direct measure) did not appear to deter practitioners from im-
plementing decision triggers in conjunction with surrogate measures.
The willingness of practitioners to link surrogates and decision triggers
could reflect the need to justify management intervention with clear
and documented ecological relationships. Whether or not decision
triggers attached to surrogates have improved outcomes for biodi-
versity compared with triggers attached to direct measures is an im-
portant question for future research.

3.3. Question 3: what factors have limited the integration of decision
triggers into existing monitoring programs?

Across the eight monitoring programs, only 16% of identified
measures and 27% of management goals were linked with decision
triggers (Fig. 2a and b). All practitioners expressed a desire to formalize
at least some of the potential triggers in their monitoring programs, but
similarly to Addison et al. (2016), practitioners identified incomplete
ecological knowledge, inflexible and insufficient funding, and staffing
limitations as key barriers to achieving this. We briefly discuss each of

these barriers with the aim of highlighting additional insights gained
through our workshop.

Practitioners expressed a preference for implementing evidence-
based land-management, and highlighted ecosystem complexity and
the limitations of single metrics as a problem in implementing decision
triggers for some goals. For example, one program had previously used
vegetation cover as a measure of ecosystem restoration. However, ve-
getation cover can change dramatically due to rainfall, temperature,
abundance of native and exotic herbivores, fire, changes in floristic
composition and the presence of weeds (e.g. Hejda et al., 2009), and so
alone was an unreliable measure of the success of vegetation restoration
efforts. Decision triggers attached to single measures are a practical
approach to designing monitoring and management programs, yet their
usefulness may be limited due to the complexity of the ecosystem
processes responsible for environmental change. Techniques to include
multiple measures within a decision trigger would allow practitioners
to use these tools more extensively in their monitoring programs.

Consistent with previous work, practitioners identified funding
constraints as a significant barrier to integrating more decision triggers
into monitoring programs (Addison et al., 2016; Westgate et al., 2013).
However, it was not simply a lack of funds, but inflexibility in funding
models that was a particular barrier to implementing decision triggers
for many organizations. Decision triggers and their associated metrics

Fig. 3. Simplified control charts (Morrison, 2008) illustrating the value of formalizing decision triggers for discussion activities. For both the scenario in panel A and
in B, the program goal is to maintain or increase the abundance of a target native species, and a direct measure of the target (a native mammal species) and a
surrogate (the primary threat, the red fox) are monitored. In the scenario in panel A formal decision triggers are attached only to the surrogate measure of the threat,
due to uncertainty surrounding both the desirable (☺) and undesirable (☹) state of the metric, and the lack of pre-identifiable management interventions. This is
adequate when the predicted association between the target and the surrogate holds. For example, at time x, both variables are in a desirable state and no actions are
triggered. Then at time y the threat is in an undesirable state and an action is triggered (T1 – initiate predator control). However, at time z the relationship between
the target and the surrogate has broken down and surveys return a desirable state for the surrogate (the threat), but an undesirable state for the direct measure (the
native species). In scenario A, where triggers are attached only to the threat, time z does not automatically trigger any action, and risks monitoring the target to
extinction. However, in scenario B, where decision triggers are also attached to the direct measure of the target, the survey results at time y would trigger both T1
(predator control), and T2 (review of species monitoring and management), and a further decline of the native species at time z would also trigger T3 (emergency
stakeholder meeting).
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require considerable initial investment in research, development and
stakeholder consultation, costs which are justified by expected im-
provements in cost-efficiency and management effectiveness. However,
fixed budgets may not allow sufficient funding to be held in con-
tingency for when a trigger point is reached, leaving little scope to
specify decision triggers for expensive management actions. Practi-
tioners agreed that a paradigm shift away from short-term and pre-al-
located funding was necessary to enable more surrogates and decision
triggers to be included in their programs. This is supported by recent
research that found improved conservation outcomes where practi-
tioners had greater control over when rather than just how to spend their
limited resources (Iacona et al., 2017).

A shortage of staff with the quantitative skills to develop decision
triggers or verify surrogate relationships, along with high staff turnover
and associated loss of local knowledge, were also identified as key
barrier to integrating these tools into existing monitoring programs.
Ironically, staffing limitations are a key argument for the use of decision
triggers. Clear, well designed decision triggers can assist inexperienced
practitioners in decision making, and avoid the shifting baselines syn-
drome that is exacerbated by high staff turnover (Papworth et al.,
2009). Similarly, well-developed surrogates can enable simpler and
more cost-effective data collection that is less reliant on technical ex-
pertise. For example, one program measured seed rain as an early
warning trigger for predator control. This surrogate was useful because
the relationship between seed rain and subsequent increases in predator
abundance is well demonstrated (O'Donnell and Phillipson, 1996), and
increases in seed rain can be detected earlier, more easily and more
cost-effectively than changes in predator numbers. Investment in de-
veloping robust decision triggers and surrogates should be prioritized as
a means of improving the stability and robustness of conservation
monitoring and management programs in the face of staff turnover and
loss of technical skills.

Importantly, practitioners highlighted that even without the bar-
riers outlined above, there are three key reasons why not all monitoring
variables should necessarily have decision triggers attached: (1)
Covariates and contextual variables can be important for their potential
future value within a monitoring program, even if not used to directly
inform management. For example, consistently collected data on ve-
getation structure may help to form the evidence-base required to de-
velop new decision triggers and surrogates in the future. Similarly,
while a decision trigger to initiate management may be linked with a
measure of a threat (e.g. invasive predator density), other measures of
the ecosystem (e.g. vegetation, rainfall, etc.) can be critical to informing
whether, and how, actions are undertaken. (2) A program that includes
decision triggers on all monitored variables may be insufficiently re-
sponsive to unexpected events. Some practitioners stated that including
too many decision triggers in a program risked committing them to
particular actions or approaches, potentially limiting their capacity to
adapt to changing priorities, funding conditions, or to new information.
Emerging threats, like disease in a captive breeding population (Rose
et al., 2017) or establishment of a new invasive species (Ricciardi et al.,
2017) require rapid responses even if they have not been planned for in
management schedules. (3) Practitioners expressed concerns that
overly prescriptive programs risk stifling initiative and motivation
among staff, reducing the likelihood of them observing and responding
to unanticipated ecosystem changes.

4. The value of decision triggers for discussions

Decision triggers can be a valuable tool for establishing an evidence
base for decisions, providing a defined pathway for initiating inter-
ventions, and ensuring monitoring is focused on informing targeted
goals (Cook et al., 2016; Lindenmayer et al., 2013). The decision trig-
gers approach resonates with conservation practitioners. Yet for many,
current knowledge of their focal ecosystem, understanding of the re-
lationships between variables and goals, and the quality/quantity of

monitoring data are inadequate to pre-identify trigger points for many
variables. We found that this was particularly true for direct measures
of biodiversity assets, where distinguishing population trends from
background fluctuation can be challenging, and management actions
needed to recover declining populations often remain unknown. How-
ever, having pre-defined trigger points for biodiversity assets is one of
the most tractable ways that organizations can act to prevent problems
of shifting baselines and “monitoring to extinction” that can lead to
declines or extinctions (Woinarski et al., 2017). We therefore suggest
that increasing the use of decision triggers by setting trigger points for
discussion activities (not just for on-ground management interventions)
is an important step in improving evidence-based management of na-
tive species (Fig. 3b).

Triggers for discussion activities are often described as early-
warning points that precede a more serious trigger for on-ground
management intervention (de Bie et al., 2018). Among our case study
programs, the greatest potential for increasing the use of decision
triggers was in attaching triggers for discussions to measures in-
dependently of intervention triggers, particularly for goals where ap-
propriate interventions cannot be pre-identified. This is required to
avoid a situation, such as is illustrated in Fig. 3, where a native species
is declining, but the key threat is below the decision trigger threshold,
meaning no management is initiated. Triggers for discussion activities
can relate to activities such as consultation with external organizations,
review of current management, or collection of additional data. Because
the activities triggered are not direct management interventions, dis-
cussion triggers can be set despite the presence of knowledge, personnel
and financial constraints that may obstruct the use of decision triggers
for interventions.

Including decision triggers for discussions in monitoring programs
requires predetermined trigger thresholds or trends to be formally
stated within the program systems, and for these triggers to be linked
with a predetermined response (e.g. consultation with partner agencies,
commissioning of further research). For many programs this process
would be as simple as explicitly documenting activities that are cur-
rently being undertaken informally (e.g. the potential triggers discussed
above). Formalizing these potential triggers would allow practitioners
to gain many of the benefits of the decision triggers model, including
having a pre-defined point to escalate an issue, not relying on expert
staff to identify and act on changes, having a consistent framework
within which monitoring data are used, and ensuring management
actions are documented and evaluated. We see triggers for discussion
activities as a useful intermediate step for organizations that want to set
decision triggers for more of the measures in their monitoring program
(and particularly for direct measures of biodiversity assets), but are
unable to set triggers for on-ground interventions because of structural,
funding or knowledge constraints.

5. Conclusions

We used case studies and structured discussions between con-
servation practitioners and researchers to investigate how decision
triggers are being used in existing long-term biodiversity monitoring
programs, and how these related to different types of monitored vari-
ables and management goals. While we focused on monitoring pro-
grams from Australia and New Zealand, the patterns and issues we
identified were consistent across organizations and programs, despite
dissimilarities in ecosystems, organization structures and goals. This
suggests that the issues identified are likely to be problems for con-
servation practitioners elsewhere. However, additional patterns and
challenges may also occur in other regions, particularly in different
socio-political and legislative contexts. We therefore encourage practi-
tioners and researchers globally to have these kinds of discussions in
order to better understand the value and practical limitations of new
conservation tools. In particular, the approach we used to conceptualise
monitoring programs, explicitly mapping measures to goals (Fig. 1),
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proved useful for practitioners to critically assess and compare their
programs, and represents a highly-transferable framework that could be
applied to any monitoring program.

We found that practitioners most commonly used decision triggers
in association with surrogate measures and measures of threats, likely
because of organizational focus on threat management. Whether deci-
sion triggers attached to surrogate measures have beneficial outcomes
for biodiversity is an important question for future research. Decision
triggers were rarely attached to direct measures of biodiversity, and we
suggest that increased use of decision triggers for discussion activities
should be used to overcome some of the information and operational
barriers driving this pattern (Fig. 3). However, while formalizing those
potential triggers could be a useful stepping stone for many organiza-
tions, major changes to conservation funding models are needed to
enable organizations to implement best-practice evidence-based man-
agement (Waldron et al., 2017). Overwhelmingly, practitioners are
motivated to implement evidence-based management that is informed
by robust, well-tested measures and decision triggers, but lack the
commitment of resources to fully realize this, and the benefits this could
bring to biodiversity management.
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