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Abstract
Most conservation challenges are complex and possess all the characteristics
of so called “wicked” problems. Despite widespread recognition of this complexity conservationists possess a legacy of institutional structures, tools and
practices better suited to simpler systems. We highlight two specific challenges
posed by this mismatch: the difficulty of adaptive management where success
is ambiguous and the tension between “best practice” and creativity. Drawing
on research in other disciplines (including psychology, information systems,
business management, and military strategy) we suggest practices that conservation could consider to better respond to complexity. These practices include,
defining clear objectives, the use of scenarios, emphasis on pattern analysis,
and ensuring greater scope for creative and decentralized decision making. To
help illustrate these challenges and solutions, we point to parallels between
conservation and military operations.
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Introduction
Conservation is not rocket science; it is far more complex. Rocket flight obeys well-understood laws, is predictable, and varies in only four dimensions, thus most
rockets reach their targets and, when they do not, the
reasons are likely to be obvious. Most conservation actions, in contrast, cannot be assured of reaching their target. The uncertainties are large due to the fact that most
conservation problems are embedded in socioecological
systems possessing all the characteristics of “complex systems”: numerous interacting elements lacking any central control, nonlinear interactions between elements,
constant change which is seldom reversible, and no
clearly defined boundaries to the system (Rosser Jr 2001;
Johnson 2007; Mitchell 2009). These characteristics con-

tribute to so called “wicked problems” (Rittel & Webber
1973). Wicked problems generally lack clear solutions because each problem is linked to other problems, and the
nature and characterization of each cannot be isolated
(Rittel & Webber 1973).
Complexity has profound theoretical and practical implications for conservation practice. Some implications
have been recognized, for example, the need to embrace
unpredictability (e.g., Holling 2001; Parrott & Meyer
2012), the importance of diverse interdisciplinary input (e.g., Liu et al. 2007) and the recognition that outcomes involve various types of trade-offs (e.g., Hirsch
et al. 2011). Most conservationists are aware of the complexity of the systems they are working in; for example,
the multiple, interacting links between poverty, hunger,
land-use, development, policies, and politics (Meijaard et
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Table 1 Tips for addressing wicked conservation problems in complex systems; suggested changes relative to conventional conservation practice
Current conservation practice

Change suggested for complex systems and wicked problems

Emphasis on “best practice” in conservation approaches

Challenge “best practice”
Responsive to competing and creative solutions
Clearly established objectives beneath which there is flexibility in how tasks are achieved
Desire to be evidence based
Focus analysis of evidence on the search for pattern recurrence
Heavy reliance on experts and a narrow view of expertise Reduce emphasis on “expert” opinion in favor of a more diverse set of voices and a broader
view of expertise
Over reliance on feedback control or passive adaptive
Emphasis on predicting the likely impact and benefit of strategies in the context of multiple
management as a response to complexity
scenarios
Belief that clear measures of success and/or failure exist Honesty about the trade-offs in any outcome
Reluctance to share information on perceived failures
Communicate transparently and constructively about perceived failures and uncomfortable
truths
Failure of a campaign or strategy is an acknowledged risk of doing business
Hierarchical leadership
Distributed responsibility for decision making
Focus on strategy or means rather than ends
Clear articulation of the outcomes we are ultimately trying to achieve

al. 2012; Sassen et al. 2013). Nonetheless, the approaches,
tools, and even institutional structures used in conservation are generally suited to simpler, more tractable systems. Like most conservation practitioners and scientists,
we often find ourselves considering problems as if they
were an engineering problem, with clear cause and effect relationships, and the ability to determine an optimal
intervention.
Complex systems and the associated wicked problems
have been the focus of research in various fields including mathematics, computing, psychology, ecology, social
science, knowledge management, military studies, and
business management. These parallel developments have
generated the cross-disciplinary fields of complexity science and systems sciences. Drawing on insights from
these fields we identify challenges for conventional conservation practice; specifically, the difficulty of adaptive
management where success is ambiguous, and the tension between best practice and creativity. We consider
how modern military conflicts embody comparable challenges, and offer suggestions for how conservation practices might change to better navigate complex systems
and wicked problems (summarized in Table 1).

Success and adaptive management
Our track record for determining whether conservation
investments have been successful is limited (Jepson 2005;
Ferraro & Pattanayak 2006; Brooks et al. 2009). This assessment challenge relates to various factors such as the
slow pace of conservation impact, but complexity and
“wickedness” play a major role. Apparent positive change
in any one element of a complex system may have
unintended negative repercussions. Given that most con-
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servation programs have multiple objectives, such as protecting biodiversity and improving livelihoods, the reality is that, unless multiple synergies dominate without
any trade-offs (presumably rare), success will be subjective and difficult to characterize (Sheil & Meijaard
2010). For example, we could be effective at implementing conservation management that controls hunting of
orangutans, but unless forest resources are adequate,
these orangutans may negatively impact forest structure
and general forest biodiversity, or antagonize surrounding communities that suffer from crop raiding (Meijaard
et al. 2011). There is no “right” solution to wicked problems in complex systems, only trade-offs that appear
more or less favorable depending on your perspective.
This ambiguity also means that there is rarely any need
to declare conservation actions a failure—something that
might risk future support. For fundraisers this looks like
a benefit, but there are downsides.
We believe that the challenge of defining conservation success negatively impacts conservation more than
is typically acknowledged. The need to work in complex
systems makes adaptive management (AM) highly appealing but ultimately incredibly difficult. AM—or “feedback” control as it is termed in the operations research
literature—has become a standard concept among conservation agencies (Natural Resource Management Ministerial Council 2004; Walters 2007; Williams et al. 2007).
Under an AM paradigm, decisions about interventions
are based on the current state of the system and feedback
about the performance and impact of any previous and
ongoing interventions (e.g., Walters 1986; McDonaldMadden et al. 2010; Nichols et al. 2011). AM is frequently
cited by agencies and scientists alike as an appropriate response to the uncertainty inherent in complex systems
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(Williams et al. 2007; Nichols et al. 2011). Less frequently
acknowledged is that AM is, at least in part, appealing because it reduces cognitive effort and resources invested in planning; changing the maxim “Ready, Aim,
Fire” to “Ready, Fire, Aim” (Patton 2011) though perhaps “Ready, Fire, Aim, Fire” is more suitable. Behavioral studies of decision making suggest that in complex
systems, most decision makers prefer feedback control
over predictive control (where an explicit model of the
system is developed and used to estimate the expected
performance of different actions) because it allows them
to proceed with the application of simple mental models and rules of thumb (Brehmer 1990). Although AM
can be extremely rigorous (e.g., McDonald-Madden et al.
2010), in its more typical application in conservation it
reduces upfront investment in understanding a system
(a challenging task in complex systems) and instead focuses on the easier tasks of management structure and
execution.
Although complex systems increase the appeal of AM,
they also undermine its utility. There are two main problems. First, as mentioned above, measuring performance
in complex systems is tricky. Unless a conservation solution is an unmitigated disaster (e.g., the Sumatran
rhinoceros on Borneo, see Zafir et al. 2011), the need for,
or value of, other approaches might remain unnoticed
or unconvincing. In our experience, changes in strategy,
even in programs that profess to be adaptive, are rare. An
explanation is that the challenge of determining performance in complex systems means that regardless of outcome, the options for doing better are seldom clear or
compelling, especially if funding for original strategies remains adequate.
The second way in which complex systems undermine
AM is related to their wickedness. In a wicked problem,
implementing any given solution will change the nature
of the problem, which in turn influences the performance
of the solution and so on. An example of such behavior
in conservation is how the purchase of land for conservation can accelerate subsequent development and the
fragmentation of the surrounding areas (Armsworth et
al. 2006). Similarly, how stakeholders perceive a project
and the way it is implemented ultimately changes conditions for the next project. One of the fundamental
tenets of AM is that you have iterative decisions allowing learning from past decisions to alter future decisions
(Walters 1986; Nichols et al. 2011). Tackling wicked problems in complex systems means you never get truly iterative decisions. Decisions in conservation seldom have
identical contexts, and even small differences in context
often matter, thus violating a core assumption of adaptive
management—this significantly diminishes AM’s utility
as a management approach in complex systems.

Complexity of conservation

Acknowledging the challenges does not mean that AM
cannot be useful in conservation (Johnson & Williams
1999; Allen & Gunderson 2011), or that we should not
make concerted attempts to learn about the effectiveness of interventions and apply this knowledge to future decisions. In some cases, there are likely to be subcomponents of larger conservation problems for which
an AM approach is appropriate and effective, for example, understanding the near-term response of a single species to a set of potential management options being implemented (Nichols et al. 2006). The challenges
highlighted here simply flag that for many conservation
problems, adaptive management is more difficult than is
generally acknowledged. This will be especially true as
conservation gains complexity as it trends toward larger
scale projects and ambitious objectives that include human well-being and ecosystem service delivery (Sayer
et al. 2013).
Perhaps counter-intuitively, part (and only part) of the
solution to working more successfully in complex systems lies in greater emphasis on predictive control, focusing on a series of scenarios rather than a single outcome (Allen & Gunderson 2011; Parrott & Meyer 2012).
Using scenarios in predictive control involves forecasting
the response of a system to a variety of uncertain futures.
A formal approach to scenario-based predictive control
involves identifying potential bifurcations in key drivers
of change in a system. A predictive model is then used
to explore how these bifurcations in assumptions influence the likelihood of different outcomes from a given
intervention. Alternatively, a straightforward but informal approach to scenario-based predictive control, is to
simply ask planners and decision makers, “what information would make you adjust your choice of actions and
why?” It is helpful if qualitative storylines accompany
each scenario. Alternate scenario predictions can aid in
considering uncertainties and the robustness of alternate
strategies to uncertainty (Peterson et al. 2003). Establishing alternative strategies for different scenarios facilitates
rapid (but not hasty) change of tactics in response to feedback about the evolution of the problem; this is often an
important missing element from attempts at AM in conservation (Lindenmayer et al. 2011). The use of predictive
control can also accelerate learning (Hauser et al. 2006)
and is advocated by much of the scientific literature on
AM (McDonald-Madden et al. 2011; Nichols et al. 2011).

Best practice and creativity
Conservation often emphasizes “best practice.” Many
conservation organizations support standardized planning methods and strongly encourage partners to adopt
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similar approaches (e.g., Conservation Measures Partnerships 2007). There is constant pressure to leverage
approaches and strategies through replication, and numerous publications are concerned with best practice
(e.g., Morgan & Sanz 2007; Kühl et al. 2008; Hockings
& Humle 2009). Apart from the fact that claims of best
practice are typically unsupported by comparative evidence (and are perhaps better considered as “conventional” practice), we believe that their application to complex conservation problems has often resulted in a proliferation of what Mitroff & Silvers (2009) call a “Type III
error”; finding a good solution to the wrong problem. A
well-documented example of the pitfalls of best practice
in complex systems is the use of integrated conservation
and development projects (ICDPs) in communities with
little history of natural resource care and where the main
pressures were external to the community (McShane &
Wells 2004).
We are cognizant of the fact that the suggestions we
make here for navigating complex systems could itself
be labeled as “best practice” guidance. We do not make
this claim because we are not certain if they are best—
though we believe that they are options that might usefully be considered. We also acknowledge the importance
of capturing and sharing experience, tasks that unfortunately are often packaged, unqualified under the banner of “best practice.” While there are certainly legitimate reasons for standardizing conservation approaches,
best practice is, inevitably, past practice and emphasizing it too strongly may retard efforts to navigate complex
systems (Ostrom & Cox 2010). Knowledge management
researchers have suggested that best practice is ill suited
to complex systems, and is only appropriate in known
or knowable systems; those in which a predictable response could be expected from repeating an intervention (Snowden 2002). Few conservation problems relating to socioecological systems fall into this predictable
category.
Rather than adhering to nominal best practice, studies into successful management and leadership in complex situations consistently emphasize a willingness to
disrupt existing behaviors and to be open and responsive
to competing and creative options (Snowden & Boone
2007; Uhl-Bien et al. 2007). We believe that a relatively
unacknowledged tension exists between creativity and
best practice in conservation. Fostering creativity requires
leadership that is open to diverse inputs, and encourages
discussion, dissent, and diversity (Regine & Lewin 2000;
Marion & Uhl-Bien 2002). One reason this has been
challenging in conservation is the reliance on “experts.”
In conservation, expertise is typically conferred through
lengthy engagement with the system in question. It has
been argued that the very development of expertise in-
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evitably leads to entrained thinking (Snowden 2002). The
view of expertise and the weight given to it in conservation are in sharp contrast to business ventures that have
successfully navigated complex systems through a disruptive and decentralized model of innovation. Google,
a good example of such practices, places great emphasis on distributed leadership and a wide diversity of skills
and opinions in its workforce (Levy 2011). Research in
the field of environmental conservation decision making
suggests that perceived level of expertise is poorly correlated with the accuracy of advice and that accuracy was
most easily improved by taking a more broadly defined
view of expertise (Burgman et al. 2011).
However, distributed leadership alone is not enough to
break the hold of “best practice”; the freedom to innovate
also comes from the confidence of clearly established objectives beneath which there is flexibility in how tasks are
achieved (Uhl-Bien et al. 2007; Gregory et al. 2012). This
is akin to planning and decision-making processes that
focus broadly on what needs to be achieved rather than
the means of getting there—as recommended in the previous section. If a conservation program manager knew
they could approach forest protection by any legal means,
this flexibility might lead to unorthodox but potentially
effective solutions such as the legal use of tree spiking to
prevent illegal logging (Meijaard & Sheil 2011). Similarly,
complexity science has revealed that complex systems are
managed most efficiently when clear rules-of-the-game
are established beneath which system components can
self-organize (that is adopt structures responsive to local
conditions) without extensive top-down control (Helbing
2013).
An institutional approach to harnessing creativity
might involve restructuring the systems of funding and
rewards. Examples of this can be seen in both the United
States Agency for International Development (USAID)
and United Kingdom Department for International Development (DFID) which have established funding programs that focus exclusively on novel and creative practices rather than application of existing practices (USAID 2013). Creativity is promoted through provision of a
large number of relatively small grants with the recognition that many will not be successful enough to warrant
further funding. Rather than rewarding a project for its
application of some nominal best practice, this approach
rewards innovation and diversity of practice. Such experience is also likely to make an organization both more
robust and more flexible and responsive to the surprises
that are inevitable in complex systems.
Acknowledging complexity does not mean abandoning
the analyses required to learn what tends to work and
what does not, and in what contexts. Even in the most
complex systems, patterns can emerge that can guide
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interventions. As such, it remains profitable to focus
analysis of current evidence on the search for particular cause–effect relationships that often occur in different contexts. For example, Johnson et al. (2011) illustrate a simple, consistent pattern of violence escalation in terrorist and insurgent activities. In complex
counterinsurgency operations, the U.S. military considers
“event-pattern analysis” to be the basic element of their
analysts’ work (Petraeus 2006). Similarly, knowledge
management research suggests that in complex systems,
effort should be directed to the recognition and management of patterns rather than best practice (Snowden
2002). Repeated patterns are likely to exist in conservation work, such as the predictable impact of dams on
environmental flows, that could flag places or events for
which replication of particular interventions might be appropriate.

What can we learn from the military?
For over a decade the United States and its allies have
conducted a military campaign in Afghanistan. The protracted nature of this campaign is generally seen as a reflection of an earlier underestimation of the complexity of
the task (AP 2011). The challenges that complexity pose
for military engagement in Afghanistan are often similar to those that arise in conservation. The Afghanistan
campaign suffered from unclear objectives—“freedom”
means different things to different people—and aims
have been expanded and linked to humanitarian outcomes and development achievements. Defining success
has been difficult; for example, was it a success to replace
the Taliban with a corrupt government allowing opium
exports to flourish (Debusmann 2009)? In response to
such challenges, the U.S. military has altered its structure and tactics. The shared characteristics between military and conservation challenges and approaches provide
potential lessons, suggestions, and opportunities for conservation tactics and practice.
Resources alone cannot tame complexity. In
Afghanistan, the United States has discovered that it
cannot spend its way to a solution. Although conservationists routinely bemoan the lack of funds for
their activities (McCarthy et al. 2012), there is little
evidence that bigger budgets make conservation easier
or more effective. Having the money to buy oil palm
plantations does not resolve issues around employment, development, secondary industries, and trade
agreements (Venter et al. 2008). If conservation and
warfare were simply about available funds they would
be straightforward; work out what we are willing to pay
for and get the job done. Working effectively in complex

Complexity of conservation

systems requires a redesign of how we interact with
them.
Complex systems demand distributed leadership (UhlBien et al. 2007) and a decentralized approach to strategic
analysis (Petraeus 2006). Rather than relying on a central
intelligence body, the United States now emphasizes local analyses. This has required increased analytical expertise among field units, and decentralized decision making to allow for a rapid response. The military’s hierarchical structure has had to be modified to support these
decision-making processes. Distributed leadership can be
facilitated through a clear set of objectives and principles which provides local leaders the confidence to explore novel solutions rather than worry about compliance
with best practice (Uhl-Bien et al. 2007). The militaries
of the United Kingdom and Israel have found it effective to establish clear mission objectives at a high level
but then devolve tactical decisions to local commanders
(Moffat 2002). A related point is the need to listen to
diverse voices during decision making. Recognizing that
good strategies in complex systems are as likely to come
from subordinates as from the higher ranks, the army encourages leaders to explore challenges and solutions with
a broad group (Petraeus 2006). General Petraeus recognized that the break with conventional practices would
be a shock to many—in a statement attached to the guidance he told his staff: “If this sounds un-military, get
over it.”
We do not claim that these changes within the United
States and other militaries have resulted in improved military or humanitarian outcomes in Afghanistan. However, we have reported them here for three reasons: (1)
they are the result of carefully considering problems similar to those faced in conservation; (2) there is some
convergence in these recommendations across quite disparate fields and literature; and (3) many of the tools we
use in conservation planning (for example, optimization
routines and the Delphi approach to expert information),
were originally developed for military applications and
yet have made important contribution to conservation
practice.

Conclusion
Acknowledging the systems we work in as complex and
plagued with wicked problems allows us to learn from
other fields facing similar challenges. Opportunities for
progress lie in how we define and share objectives, how
we use scenarios, and in our willingness to distribute
leadership and engage diverse views to promote creativity. Borrowing concepts from other fields will not solve
all our problems, but it broadens our range of options.
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