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Targeted threatened species management is a central component of eﬀorts to prevent species extinction. Despite
the development of a range of management frameworks to improve conservation outcomes over the past decade,
threatened species management is still commonly characterised as ad hoc. Although there are notable successes,
many management programs are ineﬀective, with relatively few species experiencing improvements in their
conservation status. We identify underlying factors that commonly lead to ineﬀective and ineﬃcient management. Drawing attention to some of the key challenges, and suggesting ways forward, may lead to improved
management eﬀectiveness and better conservation outcomes. We highlight six key areas where improvements
are needed: 1) stakeholder engagement and communication; 2) fostering strong leadership and the development
of achievable long-term goals; 3) knowledge of target species' biology and threats, particularly focusing on ﬁlling
knowledge gaps that impede management, while noting that in many cases there will be a need for conservation
management to proceed initially despite knowledge gaps; 4) setting objectives with measurable outcomes; 5)
strategic monitoring to evaluate management eﬀectiveness; and 6) greater accountability for species declines
and failure to recover species to ensure timely action and guard against complacency. We demonstrate the
importance of these six key areas by providing examples of innovative approaches leading to successful species
management. We also discuss overarching factors outside the realm of management inﬂuence that can help or
impede conservation success. Clear recognition of factors that make species' management more straightforward –
or more challenging – is important for setting realistic management objectives, outlining strategic action, and
prioritising resources. We also highlight the need to more clearly demonstrate the beneﬁt of current investment,
and communicate that the risk of under-investment is species extinctions. Together, improvements in conservation practice, along with increased resource allocation and re-evaluation of the prioritisation of competing
interests that threaten species, will help enhance conservation outcomes for threatened species.

1. Introduction
Threatened species management, based on assessments of species
extinction risk, threat identiﬁcation, prioritisation of species for management, and implementation of targeted management actions, is
central to curbing biodiversity loss (Primack, 2006). Despite substantial
eﬀorts, notable success has been achieved for relatively few species, and
as a result, few threatened species have recovered suﬃciently following
management interventions to allow delisting (Bottrill et al., 2011; Male
and Bean, 2005). In part, this failure can be attributed to a severe lack
of resources (Evans et al., 2016; McCarthy et al., 2012). For example in
Australia, McCarthy et al. (2008) found that funding for threatened
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birds was inadequate to prevent further extinctions and facilitate recovery for most listed species, but also that a relatively small increase in
resourcing could substantially improve the conservation status of many
species. Australian environmental spending is disproportionately low,
with Australia one of only several developed countries featuring in the
top 40 underfunded countries for conservation spending (Waldron
et al., 2013). Further, there has been a sharp reduction in funding over
the past decade, with less than ﬁve cents for every $100 of government
spending in 2018 directed to biodiversity conservation (ACF, 2018).
However, there are several other prominent reasons for the worsening
conservation status of many threatened species, such as a failure to
address major threats (Johnson et al., 2017), poor enforcement of
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stages and provide examples of how they have been overcome. In addition, we discuss challenges in two overarching elements that profoundly impact management; stakeholder engagement and communication, and leadership and personnel. Our evaluation is not
exhaustive, but rather reﬂects personal experience with issues that most
commonly arise in the context of threatened species management in
Australia. We refer the reader to Schwartz et al. (2018) for guidance on
decisions support tools and frameworks for conservation management.
We provide a range of species-speciﬁc case-studies of successful management programs overcoming many of the challenges discussed in the
following section (see Supporting Material Table S1 for additional examples).

existing legal protections (Harrison et al., 2016), increasing ignorance
of scientiﬁc evidence (Sutherland and Wordley, 2017), and a culture of
apathy (Russell-Smith et al., 2015). In combination, these issues contribute to inaction or ineﬃcient last minute attempts to rescue species
on the brink of extinction (Woinarski et al., 2017).
While part of the blame for ongoing species declines can be attributed to funding shortfalls or socio-political issues, in practice, species
declines could also be halted by improving the eﬀectiveness of onground conservation eﬀort (Sunderland et al., 2009; Toomey et al.,
2017). Although there are examples of successful recovery eﬀorts (see
Garnett et al., 2018), many other projects are marred by ad hoc and
ineﬃcient planning and implementation (Ferraro and Pattanayak,
2006; Pullin et al., 2004; Sutherland et al., 2004). Further, the eﬀectiveness of conservation management is often poorly evaluated, making
it diﬃcult to assess how eﬀective each action was, or what species
trajectories would have been in the absence of management intervention (Cresswell and Murphy, 2016). A range of decision frameworks and
tools have emerged from conservation planning research to address
these challenges (see review by Schwartz et al. (2018)), and there have
been substantial advances in the practice of expert elicitation
(Hemming et al., 2018). While the increasing use of decision frameworks and support tools over the past 20 years has contributed to enhanced outcomes, there is still substantial room for improvement (Cook
et al., 2010; Ferraro and Pattanayak, 2006).
Here we address challenges that can impede conservation management of threatened species in Australia. We have taken an
Australian perspective for several key reasons. These include the fact
that Australia supports a highly diverse and endemic range of species
and ecosystems, some of which have been recently lost (e.g. 35% of
modern global mammal extinctions have occurred in Australia
(Woinarski et al., 2015)), and many more that are threatened (see:
Australian Government, 2018). Australia also has a large and diverse
array of species recovery programs, with some failures but also prominent successes, upon which to learn from and improve (Garnett et al.,
2018). Finally, there is a strong tradition of research excellence in
conservation and environmental management in Australia, thus there is
scope and capacity within the nation to improve conservation management standards (Harrison, 2006).
We focus on what can be done to improve threatened species
management under current constraints. We acknowledge the need for
societal changes in human values and their interaction with the environment (Abson et al., 2017), along with a substantial funding increase (Johnson et al., 2017; Waldron et al., 2013). We also address
other over-arching factors outside the realm of management control
that can impede conservation success. We consider that despite there
being a range of program management frameworks readily available, a
large implementation gap remains. We provide illustrative case studies
of innovative approaches leading to successful species management,
noting that ‘success’ is context-speciﬁc and that long-term success will
often require continuation of current management trajectories. The
views outlined below are the result of a three day workshop of conservation practitioners and researchers with long-term experience in
threatened species management, where we worked to collectively
identify pitfalls that can lead to ineﬀective and ineﬃcient management.
By drawing attention to some of the key challenges, and providing ways
forward, we hope to present a perspective that leads to improved
conservation eﬀectiveness and better conservation outcomes.

2.1. Conceptualisation and planning
A key set of interrelated deﬁciencies in threatened species management can stem from management that is based on inadequate understanding of the target species' ecology or threats (Fig. 1). These
deﬁciencies result in poor problem deﬁnition, and a lack of clear and
realistic objectives. Although the need for robust understanding of the
target species' ecology and threat impacts is well established (Caughley
and Gunn, 1996), in reality it is poorly adhered to, and often undervalued. Attaining suﬃcient ecological knowledge generally requires
detailed ﬁeld work to ascertain, among other things, the target species'
distribution, habitat requirements, life history parameters, population
trajectories, and threat impacts (Table S1; example 1). These processes
need to be understood across the target species' entire distribution (to
make informed choices of where to prioritise management), or the
proportion of the species' distribution where management eﬀorts will
be implemented. Because threat impacts and threat tolerance are
shaped by environmental and biotic processes that vary across environmental space (Scheele et al., 2017a), information obtained for one
population is not always transferable to other populations. It is also
crucial to understand interactions between multiple threats and the
capacity for changes in one element of a system to amplify the impacts
of other threats. Many present day management practices remain focused on a single threat despite growing scientiﬁc understanding of the
importance of considering threat interactions (Scheele et al., 2017a).
While there is a clear need for more ecological research, constrained
budgets mean that research must be strategic, with a focus on resolving
uncertainty that will improve management decisions. The development
of a conceptual model of the target system can help identify knowledge
gaps and where to focus research. For example, Bode et al. (2017) used
expert opinion to develop an ecosystem model linking malleefowl
(Leipoa ocellata) persistence with abiotic and biotic processes in mallee
ecosystems. The model helped managers identify direct and indirect
threats facing the species, the likely response of populations when each
threat interaction is managed, and the most uncertain threat interactions that require further research.
While inadequate knowledge of a target species' ecology and threat
impacts can hamper decisions about management alternatives, in many
cases there is a need for conservation management to proceed – or at
least be initiated – despite knowledge gaps. In such cases, management
is commonly guided by expert judgement. For example, expert judgment informed a decision to undertake aerial phosphite application in
1997 to control Phytophthora cinnamomi in key areas in south west
Western Australia, despite uncertainty about phytotoxicity. Urgent
management was deemed necessary because the rapid spread of P.
cinnamomi was driving the local extinction of at least 11 threatened
plant species. Importantly, the early, incisive intervention that was
based on expert judgement was complimented with monitoring and
evaluation of management eﬀectiveness. Monitoring revealed that populations of most species have stabilised following phosphite application (Barrett and Yates, 2015), and that phytotoxic eﬀects are minimal
in these vegetation systems (Rathbone and Barrett, 2018).
Challenges arising from ecological uncertainty are often

2. Challenges and solutions in threatened species management
Once a decision to manage a threatened species has been made, the
management process consists of three broad stages; 1) conceptualisation and planning, 2) management implementation and evaluation, and
3) program evaluation and revision (Fig. 1). These broad categories
reﬂect a standard management cycle (e.g. Schwartz et al., 2018).
Below, we identify common challenges that occur across each of these
669
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Fig. 1. Common pitfalls and potential solutions for improving threatened species management.

For example, red fox (Vulpes vulpes) control was initially highly successful for facilitating the recovery of an assemblage of small to
medium-sized mammals in south-western Australia, but after an initial
increase in abundance, many species experienced major declines. The
declines were thought to be associated with increases in feral cat (Felis
catus) predation (Marlow et al., 2015), following meso-predator release
of cats as a consequence of fox control (Wayne et al., 2017). This case
highlights two key lessons. First, high quality monitoring was crucial to
identifying secondary declines, and second, the need for management
to plan for the unexpected.

compounded by diverse stakeholder interests, trade-oﬀs, resource limitations and ambiguity surrounding management eﬃcacy. One constructive approach to these complexities is to use formal structured
decision making, particularly in cases where there is substantial ecological uncertainty and a need for rapid action (Gregory et al., 2012)
(Table S1; example 2). Structured decision making provides a framework to evaluate diﬀerent alternatives in a transparent way to identify
optimal solutions and clearly articulated objectives and actions
(Gregory et al., 2012; Runge, 2011; Schwartz et al., 2018). In the absence of a formal decision-making process, ad hoc approaches may be
prone to bias, fail to clearly specify objectives and consider all alternatives, or how planned actions will achieve stated objectives.
Under a structured decision making approach, it is critical during
the planning stage to diﬀerentiate between fundamental objectives (for
example, reducing extinction risk for a target species) and means objectives (such as increasing breeding success for a target species by
20%) (Gregory et al., 2012). Development of fundamental objectives
requires engagement of all relevant stakeholders (see examples 3–5 in
Table S1 for case studies where a range of stakeholders were engaged in
developing fundamental objectives and evaluating management options). It is important that means objectives are linked with performance measures throughout the life of a program to help evaluate efﬁcacy and allow for ongoing reﬁnement (Tear et al., 2005). Canessa
et al. (2016) provide a good example of objective setting in the context
of ex-situ conservation. They elicited 32 alternative management strategies from experts on the threatened spotted tree frog (Litoria spenceri)
and found the strategy that maximised the chance of a wild population
persisting for 20 years at the lowest cost. However, they also explored
how the optimal strategy depended on the weighting given to the two
objectives (i.e. maximise persistence vs minimise cost). In this case, the
optimal strategy was sensitive to which objective was considered more
important, highlighting the need to explicitly deﬁne the fundamental
objective early in a management program.
In addition to planning for chosen management actions, contingency planning is a crucial, yet often-neglected, element of threatened species management. Good risk management and planning for
unexpected outcomes is not always incorporated into conservation
programs (Lindenmayer et al., 2018). Contingency planning requires
clear recognition that failure is a possibility – something that managers,
practitioners and researchers are not always willing, or able to admit.

2.2. Management implementation and evaluation
In many cases, scientiﬁc research needs to be better integrated into
management, particularly when there is substantial ecological uncertainty about threat impacts or management eﬀectiveness (Fig. 1).
Importantly, research needs to be targeted toward resolving knowledge
gaps that will improve management decisions (e.g. Stojanovic et al.,
2018). Adaptive management – a more complex extension of structured
decision making – provides a powerful framework to formally integrate
research into management (Table S1; examples 6 and 7). Under an
adaptive management approach, uncertainty is identiﬁed and then alternative management actions are speciﬁcally designed to aid learning
by resolving uncertainty, while simultaneously progressing management objectives (Runge, 2011; Westgate et al., 2013).
Despite its intuitive appeal, there are few robust examples of active
adaptive management of threatened species (Westgate et al., 2013) (an
exception is the recently commenced malleefowl program Table S1;
example 6). However, less stringent adaptive management is often
appropriate and is more commonly applied. An example is a landscapescale ﬁre management experiment designed to inform and facilitate the
recovery of the threatened Gouldian ﬁnch (Erythrura gouldiae) in Australia's tropical savanna (Legge et al., 2015). First, research established
a negative associated between frequent and intense ﬁre and ﬁnch body
condition indices. Second, this information was used to develop and
then implement a new ﬁre management plan, to which Gouldian ﬁnches responded positively. More broadly, barriers to successful adaptive
management are well-documented in the literature, with poor communication and a lack of collaborative relationships between managers
and researchers commonly cited as a key barrier that needs to be
670
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recovery plan preparation (Hoekstra et al., 2002).
Periodic independent review can be useful to ensure transparency in
decision making and can help guard against complacency, where
management slips into a ‘business as usual’ routine, without evaluation
of new evidence or approaches. Given the complexities and uncertainty
inherent in many threatened species management programs, there is a
need for periodic re-evaluation of current practises and the foundational knowledge base (Bottrill et al., 2011; Walsh et al., 2013).
Avoiding complacency also requires awareness of the shifting baseline
phenomena, whereby gradual deterioration in a species' status or habitats occurs too slowly to be registered by individuals or monitoring
programs (Bilney, 2014). For example, plant species with long generation times typical of many Australian threatened woody shrubs and
trees may show signiﬁcant time delays to extinction, well beyond
standard monitoring periods (see: Krauss et al., 2010).

overcome to facilitate management-research integration (Burbidge
et al., 2011). Ensuring conservation agencies have research capacity
with expertise to expedite management-research relations internally,
and to communicate and collaborate with researchers in other institutions, will go some way to addressing this issue.
Once management actions have been implemented, it is essential to
conduct reliable monitoring of population responses within a management framework that requires follow up actions as the monitoring
progresses (Table S1; examples 8–10). However, a recent review of
threatened species monitoring in Australia found that across taxonomic
groups, between 21 and 46% of threatened vertebrate species received
no monitoring at all (Legge et al., 2018). Further, where monitoring
does occur, it is often poorly designed, typically having low power to
detect changes in population abundance, or to quantify the eﬃcacy of
management actions (Legge et al., 2018). Poor quality monitoring reﬂects under-resourcing, but also monitoring is frequently inhibited by
poor data management practices, with data ‘stock-piled’ over time
without analysis, and meta-data and data frequently lost – an issue that
is ampliﬁed with personnel changes (Lindenmayer and Likens, 2018).
Data loss then exacerbates further problems, such as the absence of
baselines from which to measure changes and evaluate management
success. Finally, and perhaps most troubling, are cases where species
are monitored robustly, but the monitoring program lacks triggers for
management interventions, resulting in species being monitored to
extinction, like the Christmas Island pipistrelle (Pipistrellus murrayi)
(Lindenmayer et al., 2013). Such failures highlight of the need to link
monitoring and management closely, and initiating management
without delay.

2.4. Stakeholder engagement and communication
The need to involve a wide range of decision makers and stakeholders in threatened species conservation has long been recognised
(Garnett et al., 2018). In the context of threatened species management
in Australia, improved engagement and communication is needed on
multiple levels; conservation practitioners and managers are often intermediaries between decision makers that control resources, and stakeholders who are involved in implementing management, or who are
impacted by management actions (Table S1; example 15). In the ﬁrst
case, there is a need to provide convincing and robust justiﬁcation to
decision makers of the value and merits of investing in threatened
species conservation. The justiﬁcation for threatened species conservation is strongest for programs that engage a wide range of stakeholders to ensure all objectives are considered, provide clearly articulated beneﬁts, and describe measurable objectives that can be used to
demonstrate the value of investing resources. In the second case, stakeholders who are impacted by threatened species protection or management need to be integrated into decision-making processes, and
should be kept informed of developments throughout the life-cycle of
the program. The aim of this dialogue is to develop mutually acceptable
actions, although compromise on both sides is often needed (Redpath
et al., 2013). These actions will be most eﬀective when conservation
practitioners and managers build strong relationships with the community of aﬀected stakeholders, and work to ensure that decision
making is transparent (Mishra et al., 2017). Strong relationships are
needed to overcome the ‘knowing-doing’ gap, whereby we know what
to do, but communicating what is needed, and then doing it, is a barrier
(Hulme, 2014).
In addition to regular and eﬀective communication with decision
makers and stakeholders, communication with the broader community
is required to increase understanding of conservation challenges and
current management approaches (Table S1; example 16) (Redpath
et al., 2013). Ultimately, eﬀorts to increase resource allocation to
conservation programs are dependent to a large extent on increasing
the value the community places on biodiversity conservation. It is the
job of conservation scientists and managers to communicate good news
stories of successful programs (Garnett et al., 2018), but also to highlight the major challenges involved, and that the consequence of inaction is species extinction.

2.3. Program evaluation and revision
Thorough, large-scale evaluations of threatened species conservation eﬀorts in Australia are lacking, a point raised repeatedly within
State of the Environment reports (Cresswell and Murphy, 2016) (for a
species-speciﬁc example of program evaluation see Table S1; example
11). Reporting on resource investment commonly focuses on where and
how money was spent, with little quantiﬁcation of whether management beneﬁted the target species or met objectives (Fig. 1). For example, measures like kilometres of fencing built, or changes in feral
predator bait take, are often reported. However, to properly evaluate
whether management has had the desired eﬀects, we need to be able to
measure whether actions like fencing or predator baiting were associated with increased abundance of the target species of conservation
concern (i.e. the fundamental objective) (Table S1; examples 12 and
13). Inadequate evaluation is related to poorly formulated objectives
that lack speciﬁc, measurable outcomes. As a ﬁrst step, we suggest that
assessment of management eﬀectiveness is incorporated into funding
programs, and mandated as a condition of funding being granted (requiring improved monitoring). However, there may be little political
appetite for changes requiring greater accountability of spending if
funding bodies are currently rewarded with easily met targets that can
be used to demonstrate so-called conservation success. In addition, the
fundamental mismatch between biological and political funding timeframes remains an ongoing challenge.
At a broader level, evaluation eﬀorts are inhibited by lack of accountability for species declines and extinctions, and the absence of
independent reviews of conservation programs (for a species-speciﬁc
example see Table S1; example 14). The current Australian system lacks
a direct chain of accountability for species declines or extinctions, with
Woinarski et al. (2017) highlighting the need for legislation adjustments to address this shortcoming. Further, under Australian legislation, the implementation of national recovery actions is not mandated,
which inhibits eﬀorts to improve accountability and ensure timely actions. In contrast, the U.S. Endangered Species Act, provides clear legislative responsibilities for the U.S. Fish and Wildlife Service to prepare
and implement recovery plans, and develop policy and guidelines for

2.5. Leadership and personnel
Delivery of successful species conservation programs requires strong
leadership and a well-functioning team (Black et al., 2011) (Table S1;
example 17). Conversely, poor leadership and dysfunctional teams have
been identiﬁed as a reason for failure in some conservation programs
(Battisti, 2017). A key barrier to the success of threatened species
programs is indecisive and overly risk averse leadership. Indecisiveness
can result from high levels of uncertainty, poor individual leadership,
671
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costs of ending logging (including job loss) would be more than oﬀset
by economic gains to agriculture, water provisioning, tourism, and
carbon storage (Keith et al., 2017). However, this solution remains
politically challenging due to the reaction of the forestry industry to
such a policy. A similar conﬂict is also apparent in the Australian Capital Territory where government policy promotes continued urban
expansion into grassland and woodland ecosystems that provide critical
habitat for several threatened reptiles and invertebrate species
(Howland et al., 2016). In both cases, known threats to highly threatened species are perpetuated due to prioritisation of competing interests ahead of those species. Improving conservation outcomes in such
cases is highly challenging and will ultimately require decision makers
to accept greater responsibility for the fate of threatened species. We
suggest that it is crucial to explicitly recognise that current policy
choices prioritise economic or social interests that are key threats to
species, and clearly acknowledge and communicate that threatened
species will be negatively impacted, and at risk of extinction if the
status quo is maintained. Subsequently, this may trigger a rethink of
societal values and re-analysis of the economic value of competing interests; allowing society to choose whether priorities should be shifted
to promote species conservation (Abson et al., 2017). Such rethinking is
particularly pertinent in light of evidence showing strong public support for threatened species conservation (McCune et al., 2017).

or in response to broader drivers such as competing priorities, or a lack
of political will to act (Meek et al., 2015). In the cases of many threatened species, there is often an urgent need for action, without which
there is an imminent risk of extinction (Table S1; example 18). For
example, failure to enact threat reduction or establishment of ex-situ
populations played a role in the extinction of three Australian vertebrate species between 2009 and 2014 (Woinarski et al., 2017). Conservation success is inﬂuenced by myriad factors, many of which are
outside the control of conservation practitioners; however, ensuring
good leadership and personnel is something that can often be directly
shaped by conservation practitioners, and hence something we need to
get right (Black et al., 2011).
A commonality we have often observed in successful programs is the
important role of a ‘species champion’. Species champions come from a
diverse range of backgrounds, from someone in government who advocates strongly for a species, to private landowners, and passionate
community members. Species champions can often overcome legislative and funding shortfalls to achieve successful outcomes. Key traits
include a robust understanding of the target species' ecology and
threats, but also strong planning skills and the capacity to build and
organise a team – including engaging with experts where needed.
Species champions are also innovators, developing new approaches to
successfully manage species (Clark and Kellert, 1988). Most important,
however, is their capacity to be optimistic, including clearly articulate a
positive long-term vision for the successful recovery of the target species (i.e. ‘stretch goals’).
Negative sentiments are common in threatened species management, and it is hard to overstate the value of positive visions for success
(Redford et al., 2016). For example, Gillespie et al. (2018) identify that
the presence of a species champion was crucial for the long-term success of conservation programs for several critically endangered frog
species from south-eastern Australia (Table S1; example 19). Of course,
having a program driven by a species champion can create vulnerability
if that person becomes no longer involved in the program. As such,
there is a need to foster institutional memory through the long-term
retention of key players, ensure adequate succession planning, and
encourage and facilitate knowledge transfer between multiple players
(Holling and Meﬀe, 1996). While long-term institutional involvement is
often key, programs that develop a vision broader than any one institution, are often highly successful (Redford et al., 2016).

3.2. Unknown threats and unknown solutions
In some cases, species can experience major declines resulting from
an unknown threat, or if eﬀective management actions to combat a
threat are not known. Enigmatic declines are increasingly common in a
globalised world where new threats can rapidly emerge. An illustrative
example is the enigmatic declines of hundreds of frog species, both in
Australia and globally, from the 1970s onwards. In Australia, the disappearances of several rainforest frog species was ﬁrst documented in
1979 (Scheele et al., 2017b). Further declines were observed across
eastern Australia in the 1980s and 1990s, but it was not until 1998 that
a previously unknown disease – chytridiomycosis – was identiﬁed and
demonstrated to be the cause of frog declines (Scheele et al., 2017b).
Following identiﬁcation of the threat, it took a further decade to develop management actions, and these remain only partially eﬀective
(Scheele et al., 2014). In total, it took over three decades from threat
emergence and documentation of initial species declines to the development of conservation actions to combat chytridiomycosis. In the intervening years, seven species of frog likely went extinct and a further
six species declined severely and are at high risk of extinction without
targeted ex-situ programs (Scheele et al., 2017b). While there is no
single, easy method for identifying novel threats and developing effective responses, long-term investment in ecological research and
monitoring will build capacity to better unravel emerging causes of
decline and develop eﬀective management responses.

3. What makes threatened species management so diﬃcult?
In the preceding section we outlined common challenges in threatened species management. However, there are also over-arching factors outside the sphere of management inﬂuence that can impede
conservation success. Clear recognition of factors that make a species'
management more straightforward – or more challenging – is important
for setting realistic management objectives and prioritising resources.
Below we outline some recurring impediments to threatened species
management.

3.3. Highly mobile and cryptic species

3.1. Threatened species management conﬂicts with other priorities

Coordinating and implementing conservation actions across large
spatial scales covering multiple land tenures and government jurisdictions is challenging. This is compounded by the fact that information on
the ecology, threats and eﬀectiveness of management actions is particularly lacking for nomadic and migratory species (Webb et al., 2017).
An example of a species with such management challenges is the regent
honeyeater (Anthochaera phrygia). This semi-nomadic species is critically endangered with an estimated population size of only 350-400
adults, distributed across a 600 000 km2 range across parts of South
Australia, Victoria, New South Wales, Australian Capital Territory and
Queensland. This species moves across vast distances in response to
ﬂowering of nectar producing trees. Restoration plantings have been
identiﬁed as a key management action, but deciding where to establish
planting is highly problematic due to the species' transient occurrence,

Threatened species management can directly conﬂict with competing social and economic priorities. This is especially the case when
threats to species are primarily human driven, such as habitat loss associated with land-use practices. An example is the conservation of
Leadbeater's possum (Gymnobelideus leadbeateri); a critically endangered species that occurs in the wet mountain ash (Eucalyptus regnans) forests of Victoria. Long-term research has identiﬁed key threats
to the survival of the species; habitat loss and degradation from forestry
activities and wildﬁre (Lindenmayer et al., 2016). In terms of promoting this species' conservation, the science is clear; we need to set
aside large areas of forested land for conservation, thereby removing
the key threat of logging (Lindenmayer et al., 2016). The economic
672
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with subsequent projections of population abundance. Without improved monitoring of management eﬃcacy and species' population
trajectories, progress on reﬁning and improving management actions will be unacceptably slow.
4. The formation of successful species recovery teams requires a diversity of people with complementary skillsets (Clark and Westrum,
1989), and bringing in people with diﬀerent skills during each stage
of the program. For example, specialist facilitators with experience
in structured decision making can help with the problem deﬁnition
stage of planning, while statisticians might play a role designing
monitoring so that it has suﬃcient power to detect management
eﬀectiveness. Threatened species recovery is a multifaceted process,
and unbalanced teams may fail to deliver successful conservation
outcomes.
5. When recovery plans are deemed necessary, it is crucial that they
are funded and implemented, with clear accountability for actions
outlined and enforced, and thorough evaluation of management
eﬀectiveness. Evaluations of recovery plans and associated data
should be complied in a central depository for public access.

and the lag between planting and maturity. Similar challenges are also
evident for international migratory species that face severe threats in
parts of their range that undermine conservation actions in other regions, and for which managers in Australia have limited capacity to
inﬂuence (Hansen et al., 2018). In addition, many other traits common
to threatened species, such as irruptive population dynamics (arid rodent species), highly cryptic behaviour (pygmy bluetongue, Tiliqua
adelaidensis) and extreme rarity (plains wanderer, Pedionomus torquatus;
night parrot, Pezoporus occidentalis), can make management challenging
(Dickman et al., 2018).
3.4. Lack of critical reﬂection on management practices
For management of threatened species to succeed, it is critical not
only that proper evaluation is undertaken to understand which actions
work and which fail, but also to reﬂect on the process by which decisions are taken and how those processes can be systematically improved
over time. This is the essence of adaptive management, which provides
a powerful framework to undertake threatened species management
(Runge, 2011). It is particularly useful in cases where there is uncertainty surrounding the eﬀectiveness of diﬀerent management approaches, and where actions are implemented repeatedly, providing
opportunities for learning to be integrated and management adjusted
accordingly (Runge, 2011). However, the term adaptive management is
at risk of becoming a panchreston – a term associated with such a wide
range of deﬁnitions that it becomes almost meaningless. A lack of clear
consensus of what is adaptive management, especially amongst practitioners, is highly problematic (Westgate et al., 2013). The label of
‘adaptive management’ is applied liberally to cover very simple ad hoc
trial and error management programs (with no/limited formal monitoring), right through to complex programs that adhere to the core
principles of adaptive management, like conceptual model development, thorough monitoring and program evaluation and reﬁnement. In
practice, the best point of this continuum to apply to any conservation
problem is context-speciﬁc; sometimes ad hoc trial and error is exactly
the right approach to take. However, since adaptive management
conveys the sense of ‘best-practice’, programs so-labelled are sometimes
perceived to be immune from scrutiny and without need for improvement. Failure to recognise the need to continually improve management hinders progress on species conservation.

5. Conclusion
Threatened species conservation is a cornerstone of eﬀorts to curb
global biodiversity loss. A universal challenge in threatened species
management remains limited resources (Johnson et al., 2017). Eﬀorts
to increase funding require managers and scientists to clearly demonstrate the beneﬁt of current investment, and better communicate that
the risk of under-investment is species extinctions. In parallel, there is
opportunity for improvement in management practices. We highlight
the importance of: 1) inclusive stakeholder engagement and communication; 2) fostering strong leadership and the development of ambitious long-term goals; 3) knowledge of target species' ecology and
threats, particularly focusing on ﬁlling knowledge gaps that impede
development of eﬀective management; 4) setting objectives with measurable outcomes; 5) strategic monitoring and action evaluation; and 6)
greater accountability for species declines to ensure timely action and
guard against complacency. Together, good conservation practice,
along with increased resource allocation and re-evaluation of the
prioritisation of competing interests that threaten species, will help
ensure enhanced conservation outcomes for threatened species.

4. Key lessons from threatened species management in Australia
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evaluate failure risk in the planning stage.
2. In complex situations, there is a need to slow down and take stock of
current knowledge, identify uncertainty and develop a structured
approach to move forward. Too often, with a perceived urgency for
action, complex problems are glossed over, which can later resurface, sometimes to create insurmountable problems (Lindenmayer
and Likens, 2018). The development of a conceptual model can help
identify key areas of uncertainty. At the same time, it is crucial to
ensure that management does not stall due to uncertainty.
3. More rigorous evaluation of management eﬃcacy is critical, along
with greater information of threatened species trajectories. This can
be achieved through long-term population abundance or occurrence
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