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Adaptive management is commonly identified as a way to address situations where
ecological end social uncertainty exisis. Two discourses are common: a focus on
experimentation, and a focus on collaboration. The roles of experimental and colla-
borative adaptive management in contemporary practice are reviewed to identify
tools for bridging the discourses. Examples include broadening the scope of contribu-
tions during the buy-in and goal-setting stages, using conceptual models and decision
support tocls to include stakeholders in model development, experimentation using
indicators of concern io stakeholders, an experimental focus that reflects the level
of statistical confidence required by management, and the engagement of stake-
holders in data interpretation so that those affected by management oulcomes can
learn and adapt accordingly. In this comtext, a framework of questions that
managers can use to refleci on both ecological and social uncertainties as they relate
to individual managemeni contexts is proposed.
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Managing situations where uncertainty and complexity prevail is of increasing
importance in addressing the goal of sustainable development. At the same time,
environmental managers (individuals, public agencies, nongovernmental organiza-
tions [NGOs], and businesses) are faced with increasing demands for decision-
making accountability. To address ecological uncertainties (e.g., what actions to take
to improve outcomes), some academics have called for management that is under-
pinned by ecological science {(e.g., Romesberg 1991; Steidl et al. 2000). However,
social uncertainties also exist: for example, the consequences of actions on local live-
lihoods, differences in opinion about desirable outcomes, and the questioning of
who has the knowledge and capacity to manage. In response, others have called
for greater recognition of the role stakeholder groups can play in the success of
management initiatives (e.g., Gunderson et al. 1995; Salafsky and Wollenberg,
2000). A commonly identified way to address situations in which ecological and
social uncertainty exist is through adaptive management.

A plurality of adaptive management definitions and interpretations is evident
in the literature (see MacDonald et al. 1997). Academic contributions to the prac-
tice of adaptive management have focused on addressing uncertainties. Examples
include the use of large-scale experimentation to optimize management perfor-
mance (Walters and Holling 1990), the use of models to refine knowledge
about systems under management (Walters et al. 2000), and the development of
multi-stakeholder processes to manage value conflict and increase the pool of
contributions to potential management solutions (Walker et al. 2002). From the
disciplinary tradition of expert knowledge, academic responses have resulted in a
dichotomy of perspectives. Adaptive management has been used as a model for
experimentation (adaptive experimental management or AEM) that focuses on
“how” to manage (see Parkes et al. 2006), as well as a model for collaboration
(adaptive collaborative management or ACM) that focuses on “what” to manage
and “who” ought to manage (see Buck et al. 2001). These differences in interpreta-
tion may influence success in practice, as was evidenced in U.S. Pacific Northwest
Forest management (Duncan 2001), and such differences have also been noted as
problematic for progressing the practice of adaptive management (Parma et al.
1998; Wildhere 2002).

We posit that the disciplinary-based interpretations of adaptive management
may constrain consideration of the range of ecological and social uncertainties
that apply, and that improvement in the practice of adaptive management requires
greater attention to uncertainties as they relate to the practice context, rather than
epistemological interest. Whilst the relevance of context is clearly articulated in
the policy design literature (c.g., Bobrow and Dryzek 1987; deleon 1992), 1t
has not been substantially considered within the literature on adaptive manage-
ment. Rather than maintaining divergent development of epistemologies, a focus
on context requires drawing from both (what we refer to as “bridging epistemol-
ogies”), and adapting appropriately to context (what we refer to as “bridging epis-
temologies in practice’). We propose a framework of questions, developed in
conjunction with practitioners, to support reflection on practice and practice con-
text. Inspiration for framework development drew on our observations of the
effects of narrow interpretations of adaptive management in addition to observing

others’ apparent concerns about mispractice or misinterpretation of adaptwe ‘T

management {(e.g., Duncan 2001; Hunter et al. 2003; Roe and Van Eeten 20017
Wildhere 2002).
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Bridging Epistemologies

Adaptive management differs from traditional “trial and error” management in that
it involves an explicit, formalized, and ongoing learning process that varies in degree
of sophistication (Schreiber et al. 2004). A continuum of learning styles is practiced
under the banner of adaptive management, ranging from passive to active
approaches (see MacDonald et al. 1997). In addition, there may be limited to broad
participation in the learning process. Learning under passive-adaptive management
involves adapting management decisions, utilizing the monitoring of management
actions to improve outcomes and to cnsure management decision making and policy
implementation are more defensible. In contrast, active-adaptive management distin-
guishes projects that build a quantitative system model to make predictions about
the outcomes of management actions (e.g., Walkerden and Gilmour 1996). In such
cases, policies act as hypotheses and management as an experiment to be implemen-
ted scientifically (Walters 1986). Multiple competing models and hypotheses may be
tested simultaneously (i.e., using multiple experimental sites), increasing the rate of
Jearning but also increasing the risk associated with potentially suboptimal manage-
ment regimes at an individual location (McCarthy and Possingham 2007). Adaptive
management, in any form, differs from basic science in that there is limited ability to
causal refationships difficult to delineate. In addition, opportunities for replication
are limited: Management areas utilized as replicates for particular management
treatments may differ in land use history, ecological characteristics (e.g., flora and
fauna), and locally associated values and constraints {e.g., localized funding and
priorities). In some situations, management is non-replicable and there is no oppor-
tunity for testing multiple hypotheses—for example, where whole catchments repre-
sent management units (e.g., Allan and Curtis 2005), or when management units are
unique (e.g., the Everglades).

AEM has emphasized the active-learning form of adaptive management. Due to
the technical emphasis (especially that of quantitative modeling), AEM requires a
Jeading agency capable of providing substantial financial commitment and attracting
appropriate technical expertise. The technical emphasis results in funding that is
often limited in duration. In this sense, adaptive management operates as a tradi-
tional model of information transfer where science is utilized to solve problems
and increase certainty, challenging eco-theorist arguments (e.g., resilience theory—
see Holling 1973; Gunderson and Holling 2001} that complexity and uncertainty
are likely to persist irrespective of management. The nature of knowledge created
in AEM privileges those with technical expertise and may therefore limit opportu-
nities for ongoing learning by non-experts (Stankey and Shindler 1997). A focus
on “how” 1o optimize a particular outcome assumes that there is agreement on
the goal of management, that management effects have been adequately considered,
and that there is agreement on the degree of certainty sufficient for management
decision making. :

Critics of experimental approaches to management (e.g., Endter-Wada et al.
1998; McLain and Lee 1996) question who should be involved in setting manage-
ment goals and in deciding which uncertainties should be explored, and whose
knowledge/policy “hypotheses” should be the basis fof the experimentation. These ~+ -
criticisms are both ideological and pragmatic in nature (i.e., concerning rights to par=" -
ticipate in decision making and improvement in outcomes). In response, proponents
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of ACM have advocated the use of multi-stakeholder processes, such as facilitated
workshops, that provide the opportunity to engage institutions and communities
affected by management so that they might contribute to what is known about a
management problem and what is uncertain, and identify probable impacts of man-
agement actions. Thus, ACM has emphasized so-called social and collaborative
learning approaches (e.g., Keen et al. 2005). Further, Mendis-Millard and Reed
(2007) argue that working collaboratively requires science to be willing to relinquish
some control of the dircction of adaptive management as project directions are
adapted to local needs, interests, and circumstances. Slowed progress to management
action or superficial participation may alienate some stakeholders and undermine
long-term support for adaptive management, as identified in the Pacific Northwest
forest areas (Duncan 2001). However, a solely collaborative emphasis may serve
to reduce social uncertainty associated with the desirability of particular cutcomes,
and identify less privileged forms of knowledge (e.g., local and experiential knowl-
edge), but may draw attention from the need for management decisions to be based
on robust knowledge—the original concern of ecologists.

~Instead of focusing on either experimentation or collaboration, opportunities
exist for bridging these approaches. However, collaborative processes cught not to
be seen as simply a “graft” in the early phases of AEM. Without stakeholder parti-
cipation in data collection and interpretation, and training in the use of tools that
enable knowledge modeis to be updated, AEM risks becoming detached from those
who need to learn. Furthermore, any knowledge created may remain privileged.
Thus, experts and managers need to consider both experimental and collaborative
perspectives of adaptive management at each step of the learning process. That is,
management experimentation can define management variables for testing and a fra-
mework for interpreting resuits so that causality can be appropriately apportioned so
that managers have confidence in the management adaptations they might make.
However, collaboration throughout the life of a project ensures that variables tested
under management experimentation are identified from best available knowledge
(i.e., local and indigenous knowledges trianguiated with science) and that interest
is maintained over a project’s life so that those affected by management have the
opportunity to sustain learning and adapt policy collaboratively.

Bridging Epistemologies in Practice

To avoid the shortcomings of AEM and ACM approaches, practitioners need to
consider carefully the way in which they interpret and apply adaptive management.
While there are different interpretations of adaptive management, there appears to
be general (implicit) agreement on the steps involved. These include buy-in and goal
setting, model development, action, monitoring, and feedback. Adaptive manage-
ment is & learning process, and these steps are therefore not dissimilar to those of
any other learning process (e.g., single- and double-loop learning [Argyris 1990},

~education [Moon 2004], or research and development {Ison et al. 2000]) wherein

reflection on action leads to reconsideration of the course of action, the assumptions
that support a particular course of action, and the goals of management.
The primary concern in this work was to review contemporary practice and pre-

insights from both experimental and collaborative perspectives of adaptive manage-
ment might be relevant to their own practice. In doing so, we reviewed literature

-"’" .

sent it in a logical and structured way that enabled practitioners to consider how __ -
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(peer-reviewed and project reports) to identify criteria for adaptive management as
they relate to each step of the learning process. The questions (Table 1) provide a
framework for reflecting on the practice of adaptive management based on iterated
refinement of these criteria. The remainder of this article details avenues for bridging
epistemologies in practice. Incorporated are perspectives offered during interviews
relating to process evaluations of another project in which the authors were involved.

Step 1: Buy-In and Goal Setting

Adaptive management is initially focused on collaboration, and involves the identi-
fication of and agreement on a management problem between stakeholders.
Together, the stakeholders will define a joint depiction of the management situation
(Satafsky et al. 2001) and will clarify needs and expectations of the process (Gilmour
et al. 1999; Lee 1999). In this step, AEM perspectives emphasize consideration of the
appropriate disciplinary mix of specialists who will make substantial contributions to
model development and planning for management implementation (Walters 1986),
Advocates of ACM broaden contributors to ensure the inclusion of those likely to
be affected by resolution of the identified problem, including policymakers, man-
agers, scientists, indigenous peoples, and interest groups (Meffe et al. 2002). During
the refinement of the framework of research questions, project leaders identify the
technical skill sets required. In our process evaluation, 11 of 20 non-expert partici-
pants commented that having participants with open minds and responsive to con-
sidering a range of perspectives (including scientists and project leaders) is equally
important as having the appropriate mix of technical expertise. Conflict over value
preferences can slow management (Schusler et al. 2003). To identify desirable and
feasible actions in such cases, it may be necessary to apply problem structuring meth-
odologies (c.g., Soft Systems Methodology [{Checkland 1985] or Critical Systems
Thinking [Mingers 2003]) that involve a critique of institutional and political factors
affecting a management situation (Salafsky et al. 2001).

Step 2: Model Development

Model development involves transforming knowledge about a management situation
into a model of it, with the purpose of exploring and clarifying assumptions, acknowl-
edging uncertainty, and identifying knowledge gaps. The use of models ensures that

upon review, new knowledge is incorporated and learning is made explicit. The model .

may be qualitative, mathematical, or both. Mathematical modeling received a strong
focus in the early development of adaptive management (Walters 1986; Walters and
Hilborn 1978), and subsequently in AEM where evidence is collected for competing
models and incorporated using probability theorem (Hunter et al. 2003). Within
ACM, emphasis is on the process of sharing knowledge under the premise that
engagement can help to change individual perspectives of factors affecting and limit-
ing management, thereby building capacity for adaptation (Pahl-Wostl 2002). Devel-
opments from ACM have supported stakeholder contributions beyond the step of
problem framing through the use of conceptual modeling (e.g., Heemskerk et al.

2003; Lynam et al. 2002) and Bayesian modeling (Smith et al. 2007). These toolns__j

can link qualitative and mathematical models, as well as exploring the implications
of different management scenarios (e.g., Salafsky and Wollenberg 2000).

L
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Table 1. Questions to elicit reflection on adaptive management

Step 1: Buy in and goal setting

¢ Do you have a shared vision for your project and a set of goals to match?

¢ Are the ecological boundaries of management cicarly defined?
(temporally/spatially)

e Do goals consider ecological and social aspects of the management context?

e Are goals aimed at managing uncertainty?

« Have both social and ecological benchmarks for success been created?

o Have relevant stakeholders been identified and provision made to involve them?

» Have communication networks been identified and a process for communication
been established?

« Do you have adequate capacity for your project? (people, resources, institutional
support)

Step 2: Model building

o Has a model of the system being managed been developed?

« Have relevant sources of knowledge been identified and drawn together to use in
the model?

» Have uncertainties in knowledge and assumptions in the model been
acknowledged?

» Have issues associated with both temporal and spatial scales been considered {e.g.,
lag effects)?

o Is the model translatable for stakeholders and policymakers?

Step 3: Action

« Have management options been identified that meet goals, and are they stated as
hypotheses?

» Have predictions been developed for each option?

o Have stakeholders been included in decision making?

« Have the risks and trade-offs between different management options been
considered?

« Have ecological imperatives been considered equitably with economic and social
imperatives?

« Have management actions been designed as experiments, and are they recognized
as such?

o Have the limitations of methods been recognized?

¢ Has focus been given to biological significance?

¢ Have compromise and constraint been accepted?

e Has an appropriate running time been considered for experiments?

Step 4: Monitoring

« Is monitoring conducted systematically and in relation to hypotheses?

» Are short- and long-term responses monitored?

» Are appropriate criteria used in indicator selection?

« Have stakcholders been given an opportunity to be involved?

» Has data been collected so that management processes can be evaluated?

——

(Continued )_:T
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Table 1, Continued

Step 5: Feedback

o Is evaluation conducted systematically and in relation to goals?
e Are both process and experimental lessons documented?

o Is the management process transparent?

« Is the process iterative?

o Is evaluation completed in relation to the timing of ecological processes?
o Are failures and unexpected results treated as learning exercises?
» Are both social and ecological uncertainties evaluated?

« Has the appropriatencss of goals been evaluated?

¢ Are management and learning processes evaluated?

o Are practitioners and organizations reflexive?

In our work, adaptive management project leaders stressed the significance of
having a model that could be used to explain technical concepts to non-experts,
and to ensure that findings were incorporated into management to support
practice—for example, through a decision support tool. Collaborative approaches
to system modeling are one means of doing so. In a study of fire management in
protected areas, Smith et al. (2007) identified that processes used during model
development can help to build capacity of staff to use and update models and
decision support tools (such as Bayesian models) unaided, providing oppertunity
for continued learning beyond the term of specialist input.

Step 3: Action

This step involves a decision-making process between muitiple management options.
Early depictions of adaptive management and those of AEM emphasize that policies
and management objectives are phrased as hypotheses and are implemented in an
experimental manner (Lee 1993; Walters and Holling 1990). Experimentation pro-
vides managers with the ability to distinguish the effect of management actions by
comparing outcomes in actively managed and nonmanaged areas, and provides ade-
quate time to determine responses from temporal variability. Walters (1986) argues
against incremental changes in management, suggesting that larger changes and the
simultaneous testing of multiple hypotheses are more likely to reveal dynamic beha-
viors of systems being managed and maximize opportunities for learning. However,
this is at odds with the typically precautionary nature of policy processes. McCarthy
and Possingham (2007) identify that the simuitancous testing of management
options may only be beneficial in situations where considerable uncertainty exists
about the means of achieving success; in other cases, managers may actively avoid
the risk of failure by removing elements at risk from experimentation. This is in line
with Lindblont’s (1979) observation that incremental changes in management are
most likely to gain acceptance because they provide opportunity for social learning
(what he refers to as partisan mutual adjustment) and may result in detailed analyses
of a smaller selection of options rather than incomplete analysis of a larger selection.

A participant involved in framework testing revealed that local prioritiei; M
resulted in the sacrifice of part of a spatially replicated adaptive management experi-
ment to avoid risk to a locally significant species. Practitioners must recognize that
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the relative success of adaptive management can be influenced by perceived risks and
priorities at the smallest unit of management. It is therefore important to consider
perspectives from all stakeholder groups (Mclain and Lee 1996). Tools such as
scenario modeling (e.g., Wollenberg et al. 2000) build on the use of models for
knowledge sharing and contribute to further participation of a broad range of sta-
keholders. This emphasis in ACM offers the potential to improve relationships
between public agencies and stakeholders through involvement in the management
process; although this is not guaranieed. The potential for improved relationships
with resource user groups was one reason agencies commitied to one project in
which we were involved. Process evaluation enabled the recording of improvements
in relationships during this phase and of the factors that contributed to them (i.e.,
decision-making transparency and the ability to see individuals’ ideas incorporated
within project plans).

Step 4: Monitoring

Systematic and planned monitoring of management actions is an integral part of
adaptive management, because of its learning focus. Monitoring is the key to ensur-
ing rigor in knowledge about the effectiveness of management actions. Debate
among ecologists about the appropriate use of indicaters is therefore relevant
{e.g., Ringold et al. 1996; Urban 2002). Within ACM, there are arguments for con-
tinued stakeholder involvement (e.g., Bosch et al. 1996). This may result in the
broadening of ecological indicators to include socially and economically relevant
ones. For example, stakeholders in one study in which we are involved suggested
measuring the carbon costs and gains associated with forest management: something
the scientists involved in the project had not considered.

More recently, the use of large-scale qualitative, rank-based assessment has been
linked with adaptive management (Leverington et al. 2008). This provides a cost-
efficient means of assessing the success of different management options and a
way of engaging stakeholders in learning, although the reliability of such assessment
remains to be tested. Monitoring of participatory processes may also be useful along-
side each step in the management process. It ensures that changing ethical risks to
participants (e.g., reputation effects from negative outcomes and interagency poli-
tics) are managed (Prokopy 2008), provides a means of assessing success from a
sociological perspective, and enables processes to be adapted to the needs of those
involved (see Mendis-Millard and Reed 2007). The process evaluations we con-
ducted support this point. We identified that groups may respond differently to
the same process and that processes may therefore need fo be tailored to the needs
of the individuals involved. For example, one group within our research sample was
interested in increased science direction, explaining that it was inappropriate for non-
experts to direct the process, while another was concerned about the technical level
of discussion and asked for plain language and less direction from science.

Step 5: Feedback

Feedback involves the analysis and assessment of management experiments, assump-

“\.w""
tions, uncertainties, and knowledge gaps identified during model development. It also_.-

involves the analysis and assessment of goals and success benchmarks identified
during goal setting and buy-in. Multiple levels of feedback accommodate multiple
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temporal frames, and can be designed at multiple spatial frames (i.e., local, regional
and national). Experimental perspectives on adaptive management highlight differ-
ent tests that may be undertaken (Sit and Taylor 1998). New knowledge can then
be incorporated into quantitative models, and likelihoods associated with different
hypotheses can then be updated. In ACM, this step also focuses on the transmission
of learning to stakeholders (and other interested parties) and on ensuring institu-
tional memory of that learning (Dovers 2001). It bounds the *‘hard” knowledge
gained within the “soft” social system of values, interpretations, and perspectives
that contextualize that learning and give it relevance.

Participation in the analysis of the results may also provide a means of overcom-
ing difference in opinion about the effects of management actions, provided partici-
pants can agree, at the outset, on what constitutes evidence for the model(s) applied.
Although not seen in our experience, there may be a case for accepting significance
levels other than p < .05 as a basis for change, given that the ability to detect a man-
agement effect at this level is resource dependent (i.e., limited by sample size).
Approaches that focus on thresholds for management, as used in Kruger National
Park (du Toit et al. 2003), ensure an adaptation response, or at least a trigger for
transitioning between different styles of management (see Roe and Van Eeten 2001).

Concluding Comments

The framework of questions presented in Table [ and discussed in this article allows
managers to reflect on adaptive management practice by considering the advantages
of both AEM and ACM. Our testing included managers at a range of different stages
in adaptive management projects. For those in later stages, it provided an opportu-
nity to reflect on the reasons behind their successes and failures. For those at earlier
stages, it provided opportunity to consider their next steps. While testing was con-
ducted with project leaders, there is no reason why such a framework could not
be used to clarify differences in the interpretation of adaptive management between
all involved. To bridge the epistemological dichotomy, policy and practice must be
afforded opportunity to innovate as is appropriate to context. The questions are
therefore not intended as a normative definition of adaptive management, but as a
way to bridge academic positions and promote reflection on practice.
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