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Freface

The Department of the Interior (DOI) Adaptive Management Working Group sponsored the development of this
applications guide to provide, through examples, a better understanding of how adaptive management can be imple-
mented in the field. The applications guide builds on the framework for adaptive management presented in the DOI
Adaptive Management Technical Guide, and illustrates the elements of adaptive management with a large number of
natural resource examples.

The Adaptive Management Working Group includes representatives from most DOI bureaus and offices. Writing
teams of resource managers, technical experts, and other specialists worked with the group to identify and describe
applications of adaptive management in four thematic areas: climate change, water resources, energy resources, and the
interface of human and natural systems. These themes were chosen to illustrate the elements and processes
of adaptive management because of their importance to DOI management responsibilities, the current interest in
the thematic areas in using adaptive management, and the broad potential in each thematic area for learning-based
management.

In writing this guide, we attempted to provide enough background about the elements of adaptive management
implementation, and the challenges in implementing it, to give the reader a context for the resource examples. We also
sought to provide enough detail in the examples to illustrate clearly the elements of adaptive management. Thus, the
guide includes summaries of the principles and issues relevant to adaptive management, followed by descriptions of
potential and actual applications in each of the four thematic areas. The intention was to provide enough detail about the
actual process of adaptive management to be informative, while limiting the scope, complexity, and size of the docu-
ment.

We thank the many collaborators who designed and implemented the example projects in this guide. In addition
to the contributing authors, they include: Larissa Bailey, Scott Boomer, Willard Bowers, David Breininger, Martha
Brookes, Pat Cunningham, Michael Conroy, Scott Conroy, Stan Cook, Robyn Darbyshire, Brean Duncan, Bridgette
Flanders-Wanner, Byron J. Freeman, Mary C. Freeman, Jim Furnish, Jill Gannon, Lauren E. Hay, Richard Haynes,
Katie Kennedy, Eric Lonsdorf, Jon Martin, Brady Mattson, Andrew McClung, Kate O’Brien, Allan O’Connell, Nancy
Pau, Jim Peterson, Michelle Reynolds, Michael Runge, Stacy Salvevold, Terry Shaffer, Karen Simms, Ted Simons,
David R. Smith, Lori Stevenson, and Paul Thomas.

Drafts of the guide were reviewed multiple times by a large number of biologists, natural resource specialists,
and managers, including staff in the DOI agencies. Each round of reviews resulted in an updated draft version of the
document. Design, layout, and production of the final document were supported by the U.S. Geological Survey and the
Office of Policy Analysis under the Assistant Secretary — Policy, Management, and Budget.
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Executive 5ummafy

Our country’s natural resource challenges today are more complex and more difficult to resolve than ever before.
The loss of biodiversity, changing climatic patterns, spread of invasive species, alteration of landscapes, and many other
problems pose serious threats to the long-term sustainability of America’s natural resources. We urgently need to find
new ways to address these problems. In particular, we need new methods and technologies to deal with the scale of the
human footprint on the landscape, and new approaches to address the impacts of that footprint. A major challenge is to
account for, and ultimately improve, our understanding of the long-term consequences of our actions.

For many important problems now facing resource managers and conservationists, adaptive management is a prom-
ising means of facilitating decision making and helping to resolve the uncertainties that hinder effective management.
This applications guide builds on the framework of the DOI Adaptive Management Technical Guide (Williams et al.
2007), which describes adaptive management in terms of learning-based management of natural resources. In this guide,
we use case studies to show how adaptive management can be used for both management and learning. We focus on
practical applications in the areas of importance to DOI managers — climate change, water, energy, and human impacts
on the landscape. We present adaptive management as a form of structured decision making, with an emphasis on the
value of reducing uncertainty over time in order to improve management. The first half of the guide covers the founda-
tions and challenges of adaptive management, and the second half documents examples that illustrate the components of
adaptive management.

Framework of adaptive management

Adaptive management can be useful in cases where natural resources are responsive to management, but there is
also uncertainty about the impacts of management interventions. Its origin is rooted in parallel concepts from a variety
of perspectives, but in natural resources the term simply means learning by doing, and adapting based on what’s learned
(Walters and Holling 1990). Applications usually involve dynamic natural resource systems that are subject to only
partially predictable environmental variation, along with other sources of uncertainty that limit effective management. The
heart of adaptive decision making is the recognition of alternative hypotheses about resource dynamics, and an assessment
of these hypotheses with monitoring data. A distinguishing feature is the use of management interventions as experimental
treatments, the fundamental goal of which is to improve management.

Implementation issues

Key issues in deciding when to use adaptive management are whether there is substantial uncertainty about the
impacts on management, whether it is realistic to expect that we can reduce uncertainty, and whether reducing uncer-
tainty can actually improve management. There is a growing interest in the role of resilience, the potential for surprise,
and ways to accommodate these concerns in adaptive decision making.

A key concern is the recognition and measurement of success. An adaptive management project is viewed as
successful if progress is made toward achieving management goals through the use of a learning-based (adaptive) deci-
sion process. Evaluation of an adaptive management project should involve a comparative assessment that considers the
costs of adaptive management above and beyond those that would be incurred in any case. Impediments to the success
of adaptive management include, e.g., institutional resistance to acknowledging uncertainty, risk aversion by many
managers, myopic management, lack of stakeholder engagement, and other factors.

Learning organizations are critical in implementing adaptive management. For adaptive decision making,
many organizations must make a transition from a more traditional “top down” organization structure to one that
is more inclusive, collaborative, risk tolerant, and flexible (Gunderson 19995, Stankey et al. 2005). However, an
adaptive management approach must comply with statutory and regulatory requirements, most notably the National
Environmental Policy Act.
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Uncertainty and learning

Four main types of uncertainty are used to characterize the influence of uncertainty on natural resource management
in different ways. (i) Environmental variation refers to fluctuations in the physical environment, as expressed in precipi-
tation patterns, temperature regimes, etc., which directly and indirectly influence the ecological and physical processes
that determine resource dynamics. (ii) Partial controllability refers to the difference between the results intended by a
given management decision and the results that actually occur. Unintended outcomes are often a result of management
decisions implemented by indirect means. (iii) Partial observability expresses our inability to observe completely the
resource system that is being managed, a nearly universal condition with renewable natural resources. (iv) Structural
uncertainty expresses a lack of understanding (or lack of agreement) about the processes that control resource dynamics.

Models play a key role in representing uncertainty, by including hypotheses about how a resource system works
and how it responds to management. Agreements, disagreements, and uncertainties about resource behaviors can be
incorporated in models and used to guide investigations through basic research and learning-oriented management
interventions. Uncertainty can be expressed by measures of model credibility, which evolve through time as monitoring
data are assessed.

It is becoming increasingly clear that environmental conditions, and the ecological processes influenced by them,
are exhibiting directional patterns of change. An obvious example is climate change, in which the environment is
seen as evolving directionally in terms of temperature, precipitation and other variables, with associated changes in
ecological structures and the processes controlling resource dynamics. It will be increasingly important to account for
these patterns in developing management strategies.

Components of the set-up phase of adaptive management

We draw upon our case studies to illustrate the elements and processes of adaptive management in the areas of climate
change, water, energy, and human impacts on the landscape. The elements in the set-up phase of adaptive management
include: stakeholder involvement, objectives, management alternatives, predictive models, and monitoring protocols.

Stakeholder involvement. Stakeholders bring different perspectives, preferences, and values to decision making.
It is important to have at least some stakeholder engagement in all the set-up elements of a project, and to continue
that engagement throughout the project. A critical challenge is to find common ground that will promote decision
making despite disagreements among stakeholders about what actions to take and why. Failure to engage important
stakeholders, and disagreement about how to frame a resource problem and identify its objectives and management
alternatives, are common stumbling blocks.

Objectives. Successful implementation of adaptive management depends on a clear statement of project objectives.
Objectives represent benchmarks against which to compare the potential effects of different management actions, and
serve as measures to evaluate the effectiveness of management strategies.

Management alternatives. Adaptive decision making requires the clear identification of a set of potential alterna-
tives from which to select an action at each decision point. Some actions might affect the resource directly; others
might have indirect effects. Learning and decision making both depend on our ability to recognize differences in the
consequences of different actions, which in turn offers the possibility of comparing and contrasting them in order to
choose the best action.



Predictive models. Models play a critical role in adaptive management, as expressions of our understanding of the
resource, as engines of ecological inference, and as indicators of the benefits, costs, and consequences of alternative
management strategies. Importantly, they can represent uncertainty (or disagreement) about the resource system.
Models are used to characterize resource changes over time, as the resource responds to fluctuating environmental
conditions and management actions.

Monitoring protocols. Monitoring provides the information needed for both learning and evaluation of manage-
ment effectiveness. The value of monitoring in adaptive management is inherited from its contribution to decision
making. To make monitoring useful, choices of what ecological attributes to monitor and how to monitor them
(frequency, extent, intensity, etc.), must be linked closely to the management situation that motivates the monitoring in
the first place, as well as practical limits on staff and funding.

Components of the iterative phase of adaptive management

In the iterative phase of adaptive management, the elements in the set-up phase are folded into a recursive process
of decision making, follow-up monitoring, assessment, learning and feedback, and institutional learning. Our case
studies are used to illustrate these components in the areas of climate change, water, energy, and human impacts on the
landscape.

Decision making. The actual process of adaptive decision making entails decisions at each point in time that reflect
the current level of understanding and anticipate the future consequences of decisions. Decision making at each deci-
sion point considers management objectives, resource status, and knowledge about consequences of potential actions.
Decisions are then implemented by means of management actions on the ground.

Follow-up monitoring. Monitoring provides information to estimate resource status, underpin decision making, and
facilitate evaluation and learning after decisions are made. Monitoring is an ongoing activity, conducted according to
the protocols developed in the set-up phase.

Assessment. The data produced by monitoring are used along with other information to evaluate management
effectiveness, understand resource status, and reduce uncertainty about management effects. Learning is promoted by
comparing predictions generated by the models with data-based estimates of actual responses. Monitoring data can also
be compared with desired outcomes, in order to evaluate the effectiveness of management and measure its success in
attaining management objectives.

Learning and feedback. The understanding gained from monitoring and assessment helps in selecting future
management actions. The iterative cycle of decision making, monitoring, and assessment, repeated over the course of a
project, leads gradually to a better understanding of resource dynamics and an adjusted management strategy based on
what is learned.

Institutional learning. Periodically it is useful to interrupt the technical cycle of decision making, monitoring,
assessment, and feedback in order to reconsider project objectives, management alternatives, and other elements of the
set-up phase. This reconsideration constitutes an institutional learning cycle that complements, but differs from, the
cycle of technical learning. In combination, the two cycles are referred to as “double-loop” learning.

Vii
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Integrating the components of adaptive management

Four projects are used as case studies to show how all the components are integrated in the application of adaptive
management in the field: (i) management of river flows at the R.L. Harris Dam on the Tallapoosa River in Alabama; (ii)
management of horseshoe crabs that provide food resources for migrating red knots in Delaware Bay; (iii) management
of old-growth pine forests for breeding habitat of the endangered red-cockaded woodpecker; and (iv) management
of human disturbance near nesting golden eagles in Denali National Park. Each example is comprehensive, in that it
includes all the interacting components of adaptive management.

Future directions

As the scope and complexity of resource problems grow, it will be increasingly important to make resource
decisions in a structured and transparent way that is based on science and accounts for uncertainty. Because adaptive
management meets these conditions, it can be a valuable template for effective decision making by managers.in the DOI
bureaus. Approaches currently in use in many government agencies “pre-adapt” them to adopting such a framework.
For example, all DOI bureaus are engaged in both strategic planning and the tracking of results in plan implementation.
Thus, their business practices already involve many of the important elements of adaptive management. A remaining
need is to incorporate learning as a fundamental element of strategic planning and implementation, whereby the learning
resulting from monitoring and assessment is fed back into future planning. By proactively linking plan implementation
to plan development through a learning process, the adaptive cycle of learning-based management is completed and
becomes standard business practice.

In recent years there has been steady growth in the engagement of stakeholders in bureau decision making. Active
stakeholder engagement helps parties learn from each other, find areas of common ground, and build trust in developing
management strategies collaboratively. Such an arrangement offers an incentive to stakeholders to agree on an initial
strategy that involves compromise on all sides. In a context of adaptive decision making, negotiations to establish
strategies allow parties to be more flexible because they recognize that the outcome of negotiations can be changed
as understanding improves and conditions change. In this sense, a key challenge of adaptive management, namely the
expression and treatment of uncertainty, can also be one of its strengths.

Two broad focus groups have worked more or less in parallel but independently to develop adaptive management of
natural resources. One group focuses on technical issues (models, metrics and propagation of uncertainty, projection of the
future consequences of present actions, optimal decision making in the face of uncertainty). The other group focuses on
collaboration (institutions, stakeholders, cooperative interactions, elicitation of stakeholder values and perspectives). For
the most part, researchers, practitioners, and even organizations tend to emphasize either one thrust or the other. The chal-
lenge is ultimately to join the two in a more unified vision and process, in which each reinforces and strengthens the other.

Opportunities for collaboration between adaptive management and emerging important fields of investigation are
obvious. The developing field of ecosystem services can contribute to a framework for evaluating management impacts
on the quantity and value of services provided by ecosystem attributes and processes. Resilience, vulnerability, and risk
all have important roles in adaptive decision making, and their linkages need further examination and development. In
particular, adaptive decision making has to be flexible and resilient enough to respond to the inevitable surprises that arise
in resource management, because only then can ecosystems and their values be dependably maintained in the future.

Appendix of case study overviews

The appendix contains paragraph-length thumbnail sketches of adaptive management projects used as examples in
this guide. They range from translocation of endangered ducks in the Hawaiian islands, to restoration of Great Plains
prairie potholes and New England shrub communities, to management of wetlands as waterbird habitat, to siting of
renewable energy projects.
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C AB/DLLC’:‘/‘ /- Introduction

In the early 21% century, the Department of the
Interior (DOI) is presented with natural resource problems
that are bigger, more complicated, and at the same time
more uncertain than at any time in our history. The
Department has enormous responsibilities that include
managing one-fifth of the nation’s land mass, 35,000
miles of coastline, and 1.76 billion acres of the Outer
Continental Shelf. DOI upholds the federal government’s
trust responsibilities for 562 Indian tribes; conserves fish,
wildlife, and their habitats; manages water supplies for
more than 30 million people; and protects the icons of our
national heritage.

DOl faces pressing challenges in meeting these
responsibilities. Our dependence on foreign oil threatens
our national security and our economy, and DOI can
contribute to the development of domestically produced
energy to help put an end to that dependence. But energy
production must be done in a way that protects other
resources such as fragile ecosystems and their compo-
nents. We need more water than ever — for a growing
population, farms, industry, businesses, and ecosystems
— at a time when many watersheds have been degraded,
droughts are increasing in frequency and severity, and
freshwater supplies are dwindling. DOI must provide the
leadership in finding new solutions to restore watersheds
and equitably address competing demands for water so
that people as well as the aquatic resources on which they
depend can thrive. Every day there is another news story

about the impacts of a changing climate on resources

— extended droughts in river basins, the devastation

of forests by wildfires, warming temperatures causing
glaciers to melt, coasts and islands threatened by rising
sea levels and fiercer storms. Identifying resources that
are particularly vulnerable to climate change is a high-
priority performance goal for DOI, along with implement-
ing coordinated responses to these threats.

Given the scale of these challenges, and the uncer-
tainty about the best courses of action in a complex
environment, we need to change the way we address
resource management. We must become more proactive
in our approach to resource problems and how we manage
resources sustainably. Collecting data and using our
science capabilities to enhance understanding is crucial,
but we cannot wait for perfect information to make deci-
sions and take action. That would risk losing not just an
opportunity, but in many cases the resources we are trying
to protect.

A learning-based approach like adaptive manage-
ment holds great promise for dealing with the challenges
ahead. In fact, one of the goals in the DOI strategic plan
(FY 2011-2016) calls for adaptive management as part
of DOI’s mission to provide a scientific foundation for
decision making. Adaptive management involves the use
of management in the spirit of experimental science to
learn how to manage more effectively. It calls for explicit
identification of objectives and alternative management
strategies, and the involvement of stakeholders in making
decisions. It feeds new information about management
impacts back into the decision-making process so that
resource management can be adjusted on the basis of
what is learned.

In this applications guide we describe how adaptive
management can be applied in the areas that are criti-
cally important to DOI: water resources, energy, climate
change, and human impacts on the landscape. We build
on the framework for adaptive decision making described
in the DOI Adaptive Management Technical Guide
(Williams et al. 2007). The technical guide includes a
discussion of the basic criteria for applying adaptive
management as well as step-by-step descriptions of
implementation. This applications guide is a companion
document to the technical guide, yet it includes sufficient
detail to be read as a stand-alone document.



The applications guide is intended to be useful to
multiple audiences — from technical users who need
information on particular issues such as components of
uncertainty, to managers who want practical information
on the sequence of steps involved in applying adaptive
management. A key challenge is to describe adaptive
management in terms general enough that its scope and
breadth of application are apparent, while retaining the
flavor of specific management projects and issues in the
four thematic areas. The guide is not intended to be a
detailed “cookbook” — in part because it would not be
feasible to go into all the details of every project, and in
part because every new application is unique and needs
to be designed on an individual basis. Our hope is that
readers will use the guide to envision the “who, what,
when, where, and why” in applying adaptive management
for their own particular resource issues.

After this introduction, we discuss the foundations
of adaptive management and its components. Chapter 2
contains background and an overview of the elements
of adaptive management, and Chapters 3 and 4 discuss
some issues that arise in its implementation. Chapters 5
and 6 illustrate the components of adaptive management
with examples from the thematic areas of water resources,
energy, climate change, and human impacts on the
landscape. Chapter 7 contains case studies showing the
integration of individual components of adaptive manage-
ment into a whole. Finally, we describe some future
directions in the field of adaptive management. Readers
may wish to skim portions of the guide and focus in more
detail on the particular issues and examples of greatest
interest to them.

In the guide we describe examples and case stud-
ies ranging from river flow management, to protecting
migratory birds, to siting renewable energy projects.
These examples, drawn from our four thematic focus
areas, show the breadth of adaptive management applica-
tions at different scales and different levels of ecologi-
cal complexity. On one hand, large-scale ecosystem
management is shown by examples of rivers (e.g., Glen
Canyon Dam; the Tallapoosa River), forests (e.g., fire fuel
management in the Sierra Nevada; Biscuit Fire landscape
management), and coral reefs (Great Barrier Reef marine
zoning). In other examples, adaptive management is
applied on the scale of an individual national wildlife
refuge (e.g., native prairie restoration; prairie pothole

restoration). Some applications apply broadly to multiple
species and habitats (e.g., management of North American
waterfowl) whereas others target a single species in a
localized area (e.g., Laysan duck translocation; golden
eagles in Denali National Park). The examples involve

a variety of natural resources, including aquatic (e.g.,
Blanca wetlands; vernal pools), energy (e.g., solar facil-
ity siting and permitting; Cape Cod National Seashore
wind turbines), and biological (e.g., endangered species
such as Etowah River stream fishes or the Florida
scrub-jay; Columbia River chinook salmon; forests of
the Northwest). Taken together, the mixture of examples
is intended to provide context and give the reader a feel
for the operational principles common to applications of
adaptive management. The appendix contains paragraph-
length thumbnail overviews of the projects used as
examples.
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CAE/DLLC’:‘/”Z: Framework of A aﬁapﬁi/e Management

The origin of adaptive management is rooted in
parallel concepts from a variety of perspectives, including
business (Senge 1990), experimental science (Popper
1968), systems theory (Ashworth 1982), and industrial
ecology (Allenby and Richards 1994). In natural
resources, the term simply means learning by doing, and
adapting based on what’s learned (Walters and Holling
1990). Adaptive management is based on the recognition
that resource systems are only partially understood, and
there is value in tracking resource conditions and using
what is learned as the resources are being managed.
Learning in adaptive management occurs through the
practice of management itself, with adjustments as
understanding improves.

2.1. Learning-based natural
resource management

Natural resource managers and policy makers face
the challenge of taking actions and making policy despite
uncertainty about the consequences of management inter-
ventions. One well-known approach to resolving uncer-
tainty is classical experimental science. Investigations
using an experimental approach have been extraordinarily
effective in analyzing natural resource systems,
improving our understanding of ecological relationships,
and increasing the accuracy of estimates of parameters in
those relationships. An assumption in most applications
of experimentation is that learning about the individual

components of a system will eventually produce an under-
standing of how to manage it. In a classical approach

to experimentation, science and management functions
are usually separate — managers are presumed to know
which components of the system need to be investigated,
and scientists are presumed to know how to investigate
those components. Unfortunately, this separation can
present difficulties in attempts to understand and deal
with today’s large and complex problems. It can also
impede the use of experimental learning for management
adjustments, which is a critical and even definitive step in
adaptive management.

Another approach to resolving uncertainty about
the consequences is management by trial and error.
Simply put, the idea is to try some management option,
and if it doesn’t perform as expected or desired, then
try something else. The difficulty is that with all but the
simplest systems a preferred option may not be obvious.
If a selected option does not work as expected, there is no
systematic mechanism to use what is learned from that
experience as a guide for choosing follow-up options.
Finally, there is no clear way to extrapolate site-specific
learning to other sites. There are many cases in which
trial and error has led to better management. However,
the approach tends to be an inefficient way to advance
learning and improve management, in large part because
the rate of learning is unnecessarily slow. As a result, trial
and error management can be costly (especially in terms
of opportunity costs) and only marginally effective over
unacceptably long periods of time.

In this guide, we describe the learning-based approach
of adaptive management and illustrate its features by
means of examples of some important problems facing
resource managers and conservationists. We emphasize
the importance of framing adaptive management prob-
lems as a structured process of iterative decision making
(see, e.g., Gregory and Keeney 2002 for a discussion of
structured decision making). We focus on examples that
show how adaptive management can facilitate natural
resource decision making and reduce the uncertainties
that limit effective management. Because it acknowledges
uncertainty and includes procedures to reduce uncertainty
through the process of management itself, adaptive
management can be applied to many pressing issues that
need immediate attention, at local as well as larger scales.



For many resource management problems, the use of
management in an experimental, learning-oriented context
may be the only feasible way to gain the understanding
needed to manage more effectively.

The concept of adaptive decision making has been
a part of natural resource management for several
decades. One of the earliest discussions in the natural
resource literature was by Beverton and Holt (1957), who
described fisheries management in the following way:

It is the changes produced in the fisheries by the
regulations themselves ... that provide the opportu-
nity of obtaining, by research, just the information
that we may have been lacking previously. Thus the
approach towards optimum fishing, and the increase
in knowledge of where the optimum lies, can be

two simultaneous and complementary advances; the
benefits to the fisheries of such progress can hardly be
exaggerated.

A generation later Holling (1978) and Walters and
Hilborn (1978) provided the name and conceptual frame-
work for adaptive management of natural resources, and
Walters (1986) gave a more complete technical treatment
of adaptive decision making. Lee’s (1993) book expanded
the context for adaptive management with comprehensive
coverage of its social and political dimensions. These
pioneering efforts sparked an interest in adaptive manage-
ment that has grown steadily up to the present time. Many
people in the field of natural resource conservation now
claim, sometimes wrongly, that adaptive management is
the approach they use to manage resources (Failing et al.
2004). The current popularity of adaptive management

is somewhat at odds with its rather modest record of
documented success, a record based at least in part on

an inadequate framing of many management problems,
poorly designed monitoring, and incomplete implementa-
tion of the adaptive process itself.

This applications guide builds on the framework of
DOI Adaptive Management Technical Guide (Williams et
al. 2007), which describes adaptive management in terms
of the linkage of management with learning about natural
resources. Here, we use examples to show how adaptive
management can be used for both management and
learning. We focus on practical applications in the areas
of climate change, water, energy, and human impacts on
the landscape.

2.2. Natural resource context for
adaptive management

Adaptive management can be useful in cases where
natural resources are responsive to management, but
uncertainty exists about the impacts of management
interventions. Applications usually involve the following
general features (Figure 2.1).

e The natural resource system being managed is
dynamic, with changes over time that occur in
response to environmental conditions and manage-
ment actions, which themselves vary over time. These
factors can influence resource status directly as well
as indirectly, through the ecological processes that
drive resource changes.
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Figure 2.1. Dynamic resource system, with changes influenced by fluctuating environmental conditions and management
actions. Management typically produces short-term returns (costs and (or) benefits) and longer-term changes in resource status.

e Environmental variation is only partly predictable, e Effective management is limited by uncertainty about
and is sometimes unrecognized. Variation in environ- the nature of resource processes and the influence of
mental conditions induces randomness in biological management on them. Reducing this uncertainty can
and ecological processes, which in turn leads to lead to improved management.

unpredictability in system behaviors.
Many variations of these conditions are possible. For

* The resource system is subjected to periodic example, several different sites may be managed with
management interventions that may vary over time. actions taken at one location at a time, with information
Management actions influence resource system gained at one site used to inform subsequent decisions
behaviors either directly or indirectly; for example, at other sites. Our example of solar project permitting
by altering system states such as resource size, or illustrates this situation (see appendix). In another
influencing ecological processes like mortality and variation, different management actions may be taken
movement, or altering vital rates like repro on simultaneously at different sites in the spirit of statisti-
and recruitment rates. cally designed experimentation, as illustrated by our

example of landscape management strategies investigated
p— by the Forest Service after the Biscuit Fire in Oregon (sv
e appendix). , ; )
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The role of time in this context is important.
Management, environmental variation, resource status,
and uncertainty are all expressed over time, which offers
the prospect of management improvement by learning
over the course of the management time frame.

Uncertainty and its effects. Uncertainty is always
present in natural resource management, and it almost
always limits management effectiveness to some degree.
Representing and accounting for it in management is
generally useful and sometimes critical (Bormann and
Kiester 2004, Moore and Conroy 2006).

Many sources and types of uncertainty are docu-
mented in the literature (e.g., Regan et al. 2002, Burgman
2005, Norton 2005, Le Treut et al. 2007). At a minimum,
four kinds of uncertainty can influence the management
of natural resource systems.

e Environmental variation is a prevalent source of
uncertainty, which is largely uncontrollable and
possibly not even perceived as such. It often has
a dominating effect on natural resource systems,
through factors such as climatic variability.

*  Partial observability refers to our uncertainty about
the actual status of a resource. The sampling variation
that occurs during resource monitoring is an obvious
example of partial observability.

*  Partial controllability refers to the difference between
the outcomes intended by decision makers and the
outcomes that actually occur. This uncertainty can
arise when indirect means (for example, regula-
tions) are used to achieve an intended outcome
(for example, a particular harvest or stocking rate).
Partial controllability can lead to misrepresentation of
management interventions, and thus to an inadequate
accounting of their influence on resource behavior.

o Structural or process uncertainty refers to a lack
of understanding — or lack of agreement among
stakeholders — about the structure of the biophysical
processes that control resource dynamics and the
influence of management on them.

Environmental variation, partial observability, partial
controllability, and structural uncertainty all limit our
ability to manage natural resources effectively. In this
guide we emphasize structural uncertainty, and the use of
adaptive decision making to reduce it. It is reasonable to
expect that learning will slow as the number and magni-
tudes of the uncertainties increase. Beyond some limit,
uncertainty can become too great, learning too slow, and
opportunity and other costs too high to justify a structured
adaptive approach to decision making. This argues for an
initial review of the uncertainties involved in the manage-
ment of a resource system, and a realistic appraisal of the
possibilities for learning, before adaptive management is
put in plgce. We




2.3. Adaptive decision making defined

A number of formal definitions have been advanced
for adaptive management. For example, the National
Research Council (2004) defines it as a decision
process with

... flexible decision making that can be adjusted in the
face of uncertainties as outcomes from management
actions and other events become better understood.
Careful monitoring of these outcomes both advances
scientific understanding and helps adjust policies or
operations as part of an iterative learning process.

Published discussions of adaptive management
variously emphasize experimentation (Lee 1993), uncer-
tainty (Williams and Johnson 1995), science (Bormann
et a. 2007), complexity (Allen and Gould 1986, Ludwig
et a. 1993), management adjustments (L essard 1998,
Johnson 1999, Rauscher 1999), monitoring (Allen et al.
2001, Bormann et al. 2007), and stakeholder involve-
ment (Norton 1995). In all cases adaptive management
is seen as an evolving process involving learning (the
accumulation of understanding over time) and adaptation
(the adjustment of management over time). The sequential
cycle of learning and adaptation leads naturally to two
beneficial consequences: (i) better understanding of the
resource system, and (ii) better management based on
that understanding.

o

The feedback between learning and decision making
is a defining feature of adaptive management. Thus,
learning contributes to management by helping to
inform decision making, and management contributes to
learning by using interventions to investigate resources.
Management interventions in adaptive management can
be viewed as experimental “treatments” that are imple-
mented according to a management design. However, the
resulting learning should be seen as a means to an end
— namely, effective management — and not an end in itself
(Walters 1986). The ultimate focus of adaptive decision
making is on management, and learning is valued for its
contribution to improved management.

A distinction is often made between “passive” and
“active” adaptive management (Salafsky et al. 1991,
Bormann et al. 1996, Schreiber et al. 2004). Though there
is considerable variability in the use of these terms (e.g.,
Williams 20115b), they are usually distinguished by the
way uncertainty and learning are treated. As suggested
by the wording, active adaptive management pursues the
reduction of uncertainty actively through management
interventions that emphasize rapid learning. On the other
hand, passive adaptive management focuses less on the
reduction of uncertainty and more on the status of the
resource, with learning a useful by-product (Walters
1986). In practice the main difference between passive
and active adaptive management is the degree to which
management objectives emphasize the reduction of






Ambiguities in the use of these terms arise from the
fact that there are several approaches to both active and
passive adaptive management. For example, a common
(but not the only) form of active adaptive management
involves experimental management, in which decision
making is focused on rapid learning (Williams 20115).

In this case different interventions are applied simultane-
ously at different sites in the spirit of designed experi-
ments, with experimental learning used to guide future
decision making. On the other hand, a common (but not
the only) form of passive adaptive management involves
decision making based on a single parameterized model.
Here the focus is on achieving resource objectives, with
little emphasis on learning per se. Different parameter
values essentially represent different hypotheses about the
effects of management, and learning occurs as data from
post-decision monitoring are used to update the parameter
distributions over repeated cycles.

Whatever the treatment of uncertainty, the heart of
adaptive decision making is a recognition of alternative
hypotheses about resource dynamics, and assessment
of these hypotheses with monitoring data. These same
features are shared with scientific investigation. That
is, both science and adaptive management involve (i)
the identification of competing hypotheses to explain
observed patterns or processes; (ii) the use of models
embedding these hypotheses to predict responses to
experimental treatments; (iii) the monitoring of actual
resource responses; and (iv) a comparison of actual
versus predicted responses to gain better understanding
(Williams 19974, Nichols and Williams 2006). This
overlap is the main reason that adaptive management is
often referred to as a science-based approach to managing
natural resources. Of course, a key difference between
scientific investigation and adaptive decision making is
that the treatments in adaptive management are manage-
ment interventions chosen to achieve management
objectives as well as learning, as opposed to experiments
chosen for the pursuit of learning through hypothesis
testing. Our case study of protecting nesting golden eagles
in Denali National Park provides a good illustration of the
scientific aspects of adaptive management.

Finally, it is useful to distinguish between adaptive
management and the trial-and-error approach of “try
something, and if it doesn’t work try something else,”
which involves an ad hoc revision of strategy when it
is seen as failing. In contrast to trial and error, adaptive
management involves the clear statement of objectives,
the identification of management alternatives, predictions
of management consequences, recognition of uncertain-
ties, monitoring of resource responses, and learning

(National Research Council 2004). Basically, learning by
ad hoc trial and error is replaced by learning through care-
ful design and testing (Walters 1997). Adaptive manage-
ment can be seen as a process of structured decision
making (Williams et al. 2007), with special emphasis on
iterative decisions that take uncertainty and the potential
for learning into account. In later sections of this guide
we develop the framework and components of adaptive
management, with adaptive decision making seen as an
iterative process of structured, objective-driven, learning-
oriented decision making that evolves as understanding
improves.

We describe adaptive management as the interplay
of decision and assessment components, in an iterative
process of learning by doing and adapting based on
what’s learned. Adaptive management involves key
activities such as stakeholder engagement, resource
monitoring, and modeling, none of which is sufficient by
itself to make a decision process adaptive. The integration
of these components is what defines an adaptive approach
to natural resource management. In Section 3.4 we
compare and contrast adaptive management with alterna-
tive management approaches.

2.4. Conditions warranting the use
of adaptive management

Not all resource management decisions can or
should be adaptive. In some cases there is no chance to
apply learning. In other cases, there is little uncertainty
about what action to choose, or there are irreconcilable
disagreements about objectives. But the concept of
learning by doing is so intuitively appealing that the
phrase “adaptive management” has been applied almost
indiscriminately, with the result that many projects fail
to achieve expected improvements. In many instances
that failure may have less to do with the approach itself
than with the inappropriate contexts in which it is applied
(Gregory et al. 20006).

Whether or not a management problem calls for
adaptive management is an important question that should
be addressed at the outset of a project. In one form or
another, the following five conditions are usually associ-
ated with adaptive management.

The first and most fundamental condition is that
management is required in spite of uncertainty. In other
words, the problem is important and timely enough that
management action must be taken, though its conse-
quences cannot be predicted with certainty.
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Second, clear and measurable objectives are required
to guide decision making. The articulation of objectives
plays a critical role in evaluating performance as well as
making decisions. Without useful objectives, and metrics
by which they can be evaluated, it is difficult to determine
what actions are best, and whether they are having the
desired effect.

Third, there must be an opportunity to apply learning
to management. Among other things this means that there
is an acceptable range of management alternatives from
which to make a selection, and a flexible management
environment that allows for changes in management as
understanding accumulates over time. It is the prospect of
improved decision making that ultimately justifies adap-
tive management. Conversely, an adaptive approach is not
warranted if potential improvements in management are
insufficient to justify the costs of obtaining the informa-
tion needed.

A fourth condition is that monitoring can be used
to reduce uncertainty. The analysis and assessment of
monitoring data result in better understanding of system
processes and the opportunity to improve management
based on that understanding. Without periodic monitoring
of the relevant resource attributes, learning about resource
responses and subsequent adjustment of management
actions are not possible.

Finally, most expositions on adaptive management
recognize the importance of a sustained commitment
by stakeholders, including — but certainly not limited
to — decision makers. Stakeholders should be actively
involved throughout an adaptive management project,
from the identification of objectives and management
alternatives to the recognition of uncertainty and collec-
tion and analysis of monitoring data. Stakeholders are
often diverse groups with different social, cultural, or
economic perspectives. Active involvement means an
ongoing commitment of time and resources by stake-

holders (Lee 1999), among other things. Stakeholder
engagement in discussions from the beginning of a
project can help to reconcile polarized perspectives and
facilitate collaboration in decision making. Our case study
of flow management on the Tallapoosa River shows how
stakeholders can become, and remain, deeply involved in
all aspects of an adaptive management project.

2.5. Set-up phase of adaptive management

Adaptive management can be described in terms of
a set-up or planning phase during which some essential
elements are put in place, and an iterative phase in which
the elements are linked together in a sequential decision
process (Figure 2.2). The iterative phase uses the elements
of the set-up phase in an ongoing cycle of learning about
system structure and function, and managing based on
what is learned.

In this section we summarize the elements in the set-
up phase, namely stakeholder involvement, management
objectives and options, predictive models, and monitoring
protocols. Each of these elements has been described in
greater detail in a companion publication, the DOI Adap-
tive Management Technical Guide (Williams et al. 2007).

Stakeholder involvement. A crucial step in any
adaptive management application is to involve the ap-
propriate stakeholders (Wondolleck and Yaffe 2000). It
is particularly important for stakeholders to take part in
assessing the resource problem and reaching agreement
about its scope, objectives, and potential actions, even if
differences of opinion about system responses remain.



Figure 2.2. Two-phase learning in adaptive management.
Technical learning involves an iterative sequence of decision
making, monitoring, and assessment. Process and institutional
learning involves periodic reconsideration of the adaptive
management set-up elements.

Involving stakeholders in discussions at an early stage
enhances their engagement in the management approach
and highlights different stakeholder values, priorities, and
perspectives. By defining the operating environment of an
adaptive management project, stakeholders directly influ-
ence both decision making and learning. Adaptive deci-
sion making is not prescriptive about how many stake-
holders there are, who they are, or what their perspectives
or values are. The breadth and extent of stakeholder
involvement can vary greatly among projects, and both
are influenced by the scale and complexity of the problem
(Comprehensive Everglades Restoration Plan Adaptive

~ Management Integration Guide 2011).
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In general, recognizing stakeholders’ interests and
ensuring their involvement are necessary for successful
learning—based management. Frequently, decision making
is undertaken without agreement, even among managers,
about scope, objectives, and management alternatives.
Without this agreement, management strategy is likely to
be viewed as a reflection of partisan objectives or unnec-
essary constraints on decision making. The prospects for
failure increase dramatically in such a situation.

Stakeholder involvement in an adaptive management
project requires commitments as well as opportunities
for involvement. Thus, stakeholders must commit to an
agreed-upon process of reducing uncertainties and dis-
agreements about the effects of management. That is, hav-
ing reached agreement on the scope of the management
problem and its objectives and potential interventions,
stakeholders must then commit to an iterative process of
objective-driven decision making. The failure of partici-
pants to make these commitments can impede and even
undermine an adaptive management project.

Often there is value in engaging individuals who can
facilitate these efforts or provide expertise from outside
the stakeholder community of interest. Facilitators can
bring novel insights into stakeholder interactions, just as
outside experts can bring insights about resource systems.
They thus can promote the development of better techni-
cal frameworks and more effective governance.

Objectives. Objectives play a critical role in evaluat-
ing performance, reducing uncertainty, and improving
management over time. Clear and agreed-upon objectives
are needed from the outset, to guide decision making and
measure progress. To be useful, objectives should be spe-
cific, measureable within a recognizable time frame, and
results-oriented (Williams et al. 2007).



Often there are multiple objectives. For example, a
manager might simultaneously want to maintain species
richness, maximize visitor use, allow harvest of one or
more wildlife species, and minimize costs of all these
activities. It then becomes important to weigh different
objectives in terms of their perceived importance, in order
to compare and prioritize management alternatives (Burg-
man 2005).

Management alternatives. Like any iterative decision
process, adaptive decision making involves selecting a
management action at each decision point, on the basis of
the status of the resource at the time. Resource managers
and other stakeholders, usually working with scientists,
must identify the set of potential actions from which a
selection is made.

The alternative management actions are an important
element of an adaptive management project’s operating
environment because strategy choices are always lim-
ited by the set of available management options. If these
options do not span a reasonable range of management
actions, or if they fail to produce recognizably different
patterns of system responses, adaptive management will
be less useful in producing effective and informative strat-
egies. This argues for careful thinking about the potential
management actions to be included in a project.

Models. Models that link potential management ac-
tions to resource results play an important role in virtually
all applications of structured decision making, whether
adaptive or otherwise. Smart decision making requires
one to compare and contrast management alternatives in
terms of their costs and resource consequences. Models
express benefits and costs in terms of management inputs,
outputs, and outcomes. Of critical importance to adap-
tive management, they allow us to forecast the impacts of
management.

Models also play a major role in representing uncer-
tainty. In adaptive management, structural or process un-
certainty is expressed by means of contrasting hypotheses
about system structure and functions. These hypotheses
are represented by different models that forecast resource
changes. At any point, the available evidence will suggest
differences in the adequacy of each model in character-
izing resource dynamics. As evidence accumulates, our
confidence in each model (and its associated hypothesis)
evolves, through a comparison of model predictions with
actual data from monitoring.

Monitoring protocols. The learning that is central to
adaptive management occurs by comparing model-based
predictions with observed responses. These comparisons
allow us to learn about resource dynamics and discrimi-
nate among alternative hypotheses about resource pro-
cesses and responses to management. By tracking useful
measures of system response, well-designed monitoring
programs facilitate evaluation and learning.

In general, monitoring in adaptive management pro-
vides data for four main purposes: (i) to evaluate progress
toward achieving objectives; (ii) to determine resource
status, in order to identify appropriate management ac-
tions; (iii) to increase understanding of resource dynamics
by comparing predictions with actual monitoring data;
and (iv) to develop and refine models of resource dynam-
ics. Monitoring is much more efficient and effective to the
extent that it is designed to meet these purposes.




Figure 2.3. lterative phase of adaptive management. Management actions are based on objectives, resource status, and under-
standing. Data from follow-up monitoring are used to assess impacts and update understanding. Results from assessment guide

decision making at the next decision point.

The focus and design of monitoring in adaptive man-
agement should be inherited from the larger management
context of which monitoring is a part. The value of moni-
toring stems from its contribution to adaptive decision
making, and monitoring efforts should be designed with
that goal in mind (Nichols and Williams 2006).

Because the set-up elements just described are folded
directly into the process of decision making, they need to
be stated and agreed upon at the beginning of an adaptive
management application. Of course, the elements them-
selves can change over time, as ecological conditions and
stakeholder perspectives — and possibly the composition
of the stakeholder group — evolve (see Section 2.7). For
this reason the set-up phase is also referred to as “delib-
erative,” to indicate the potential for changes in one or
more elements.

2.6. Iterative phase of
adaptive management

The operational sequence of adaptive management
incorporates the set-up elements in an iterative decision
process. Figure 2.3 shows the components of manage-
ment. Steps in the iteration are described as follows.

Decision making. At each decision point in time, an
action is chosen from the set of available management
alternatives. Management objectives are used to guide
this selection, given the state of the system and the level
of understanding when the selection is made. Actions are
likely to change through time, as understanding increases
and the resource system responds to environme
tions and management. That is, mar
in response to both changi
The influence of re
standing) on decision making is what makes the decision
process adaptive.
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Follow-up monitoring. Monitoring is used to track resource changes, and in
particular to track responses to management over time. In the context of adaptive
management, monitoring is an ongoing activity, producing data to evaluate manage-
ment interventions, update measures of model confidence, and prioritize manage-
ment options.

Assessment. The information produced by monitoring folds into performance
evaluation, learning, and future decision making. For example, the comparison
of model predictions with data from monitoring is a critical part of learning. The
degree to which the predictions match observed changes serves as an indicator of
model adequacy. Confidence increases in models that predict change accurately,
and confidence decreases in models that do not. In this way evidence accumulates
for the hypotheses that best represent resource dynamics.

As important as it is, learning is not the only valuable outcome of analysis
and assessment in adaptive management. Comparison of predicted and actual out-
comes can also be used to evaluate the effectiveness of management and measure
its success in attaining objectives. In addition, comparisons of projected costs,
benefits, and impacts help to identify useful management alternatives.

Learning and feedback. At each particular time, the understanding gained from
monitoring and assessment guides the choice of management actions. As under-
standing evolves, so does decision making based on that understanding. In this way,
the iterative cycle of decision making, monitoring, and assessment leads gradually
to better management as a consequence of better understanding.

2.7. Institutional learning

Adaptive decision making not only gives us the chance to learn about eco-
logical structures and functions, but also about the decision process itself. Learn-
ing about the “architecture” of decision making is accomplished by periodically
recycling through the elements in the set-up phase (Figure 2.2) and adjusting the
elements as needed to account for evolving stakeholder perspectives and institution-
al arrangements. The broader context of learning that also recognizes uncertainty
about these elements in the decision process is sometimes called institutional or
“double-loop” learning (Argyris and Shon 1978, Salafsky et al. 2001).

The need to revisit and adjust the set-up elements of adaptive management
often becomes more pressing as adaptive management proceeds over time. Stake-
holder perspectives and values can shift as adaptive management progresses,
previously unanticipated patterns in resource dynamics are exposed, and changes
occur in social and cultural values and norms. Any of these changes can lead to
adjustment of objectives, alternatives, and other set-up elements. In this sense,
learning in adaptive management can focus on changes in institutional arrange-
ments and stakeholder values as well as changes in the resource system itself.

A well-designed project provides a chance to learn at both levels. The tech-
nical learning in Figure 2.2 ideally occurs over a relatively short term during
which objectives, alternatives, and other set-up elements remain unchanged. On
the other hand, learning about the decision process itself occurs through periodic
revisiting of the set-up elements over the longer term. If changes in the set-up
elements are made as often as changes in management actions, these effects may
become confounded and impede learning at either level.




Bond Swamp National Wildlife Refuge, Georgia
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The DOI Adaptive Management Technical Guide
(Williams et al. 2007) touched on a number of important
issues that are relevant to adaptive management applica-
tions and merit a more detailed discussion here. One issue
involves scale, especially spatial and ecological scale, and
the applicability of adaptive management across scales.
The role of resilience, the potential for surprise, and ways
to accommodate these concerns are also germane to adap-
tive decision making. Other issues include an accounting
of costs and benefits in adaptive decision making, and the
nature and role of learning organizations in implementing
adaptive management.

3.1. Geographic scale

One concern in applications of adaptive management
is the appropriate scale for decision making. Adaptive
management is most visibly associated with big-picture
applications that have a high degree of complexity.
Prominent examples that refer to adaptive
management include:

e river management (Columbia, Platte, and Missouri
Rivers [Quigley and Arbelbide 1997, Wissmar and
Bisson 2003, Levine 2004, Williams 2006, Freeman
2010]; Glen Canyon Dam on the Colorado River
[Melis et al. 2006, U.S. Geological Survey 2008]);

e regional forest management (Rapp 2008, Reeves et al.

2006);

e continental waterfowl harvest management (Williams
and Johnson 1995, Williams 2006);

e commercial fisheries (Hilborn 1992, Conover
and Munch 2002);

e broad-scale habitat management (National Ecological
Assessment Team 2006);

» pest management in forest ecosystems
(Shea et al. 2002); and

e water management (Everglades [Holling et al.
1994, Comprehensive Everglades Restoration Plan
Adaptive Management Implementation Guide 2011]).

Ecosystem management at this scale involves
economic, social, institutional, and ecological linkages
across large landscapes with a high degree of heteroge-
neity. One implication is that these systems are likely to
respond in unexpected ways to variable environmental
conditions and management practices. Because large
ecosystems are susceptible to surprise, adaptive manage-
ment seems especially appropriate. The importance and
high visibility of such projects have led many people to
believe that adaptive management only applies to large-
scale, complex problems.

However, adaptive decision making as we describe
it here applies equally well to local issues, as long as
the basic conditions are met (e.g., see Williams et al.
[2007], Moore et al. [2011], and Knutson et al. [2011]
for examples). Our case study of red knots and horseshoe
crabs in the Delaware Bay illustrates this point. There are
probably many more potential applications of adaptive
management at local scales, not only because of the
prevalence of such problems but also because they can
often be framed more easily, their uncertainties can be
identified more readily, stakeholder involvement can be
facilitated more directly, and management can often be
implemented more easily (McConnaha and Paquet 1996).
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The point here is that the activities involved in struc-
turing a decision problem and trying to improve manage-
ment through learning are not in themselves limited by
the scale of the problem. Clearly, the specific approaches
and procedures used to identify and incorporate the
elements in an adaptive application can vary considerably
across scales. For example, a local problem with only a
few stakeholders, a single objective, and a single source
of uncertainty about the impacts of management may
require approaches that differ considerably from those
needed for a large-scale problem with many stakeholders,
multiple objectives, and several sources of uncertainty.
Nonetheless, both problems are amenable to a structured,
adaptive approach to decision making. Rather than scale,
the main issues in deciding when to use adaptive manage-
ment are whether there is substantial uncertainty about the
impacts on management, whether it is realistic to expect
that we can reduce uncertainty, and whether reducing
uncertainty can actually improve management.

3.2. Surprise, resilience, and flexibility

Surprise, expressed as a “disconnect” between the
ecosystem behaviors we expect and those that actually
occur (Gunderson 19995), is a feature of virtually all
ecosystems. It can arise in several ways. For example,
an ecosystem may be poorly understood, or changing

environmental conditions may induce new behaviors, or
the ecosystem may evolve new responses to management
interventions. Within limits, surprise can be anticipated,
managed, and reduced. However, it can never be elimi-
nated, even when management is learning-based and
carefully framed in terms of objectives, alternatives, and
predicted consequences of actions. For example, Peterson
et al. (2003) used an example of lake eutrophication to
illustrate how an inadequate representation of structural
uncertainty, in which critical ecosystem features were not
represented in the models, resulted in management that
would inadvertently lead to aperiodic cycles of stability
and ecological collapse as thresholds to different states of
the aquatic system were crossed. The unexpected impact
of an invasive species is another example of surprise. In
natural resource management the potential for surprise is
always there because we never know everything about a
resource system, and it never stops adapting to changing
circumstances.

One approach that is sometimes proposed to address
ecological surprise involves broad-scale surveillance
monitoring. The argument is that such monitoring can
serve as an “early warning” system for the surprises
that inevitably arise as resources respond to changes in
large-scale environmental drivers like climate and land
use. The challenge is how to design such a monitoring



program, i.e., how to develop effective and efficient
monitoring to highlight unknown and unanticipated
resource patterns. Because surprises are by definition not
predictable, answers to the basic design questions about
what, where, when, and how to monitor are not available
to guide the monitoring design. That said, any monitoring
effort, no matter how it is focused and targeted, presents

the opportunity for discovery of unanticipated knowledge.

It therefore is smart to explore the data produced by any
monitoring effort, including the data produced in adaptive
management, for novel patterns and relationships.

Surprise, and the associated issues of uncertainty and
resilience, are of major importance in a growing literature
that comes under the rubric of “resilience thinking”
(Gunderson et el. 1995, Gunderson and Holling 2002,
Walker and Salt 2006). The framework of resilience
thinking includes the following elements.

* Natural systems are subject not only to reversible
short-term change, but also to long-term change that
is effectively irreversible. Ecological thresholds exist

beyond which reversible change becomes irreversible.

*  Ecosystem evolution is characterized by changes
across scales that are surprising and often unpredict-
able.

e Patterns of transformation in ecosystems are driven
by slow accumulation of natural and cultural capital
followed by rapid reorganization, which leads to
disruption of the ecosystem and an increased potential
for it to be restructured.

e Ecosystem management can use the principles and
practices of adaptive management for learning and
adaptive change.

An important conclusion of resilience thinking is that
management focusing on only one or a few ecosystem
attributes can lead to loss of resilience and an increased
vulnerability to unexpected and destructive change.
Well-known examples include the intensive manage-
ment of grazing, which can increase the vulnerability of
grasslands to drought; the broad-scale control of certain
pests, which can increase the likelihood of devastating
outbreaks of other pests; water management for irrigation
and flood control, which can increase the vulnerability
of riverine systems to large-scale flooding; and intensive
management of commercial fishing, which can lead to the
unexpected collapse of a commercial fishery. Surprises
like these usually are a result of managing in ways that
induce stability in targeted ecosystem components in the
short term but lead to the loss of ecosystem resilience
over the long term, and increase the vulnerability of the
system to extremes such as drought, floods, and other
major random events.



2.2

Some steps can be taken to deal with surprise in the
management of ecosystems.

Expect and account for surprise in decision making.
In particular, recognize that in any managed
ecosystem, uncertainty and the potential for surprise
are implicit in the scenarios under consideration.

Incorporate models that are based on broadly
differing assumptions, with broadly differing predic-
tions.

Retain enough management flexibility to adapt to
surprise when it occurs.

Manage the system for sufficient resilience to
maintain structure and function when external shocks
oCCur.

Increase the range of ecosystem conditions, manage-

ment alternatives, and sources of evidence that are

considered.
A
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Among other things, a robust application of adap-
tive management should consider important cross-scale
factors and effects when framing a project. There is
always some risk in assuming that future system behav-
iors will mimic those of the past, and in fact, management
itself can induce changes in system resilience. It is smart
to take these issues into account when formulating an
adaptive management project and designing monitoring
and assessment.

3.3. Evaluating adaptive management

Although many people have pointed out the limited
success of adaptive management in natural resource
management (e.g., Stankey et al. 2003, Stankey and Clark
2006), there are no broadly accepted standards by which
to recognize and measure success. Weinstein et al. (1997)

\



proposed success criteria for specific types of projects
such as large-scale wetland restoration efforts, and
Marmorek et al. (2006) developed the concept of enabling
or inhibiting factors as a way to classify factors that

affect adaptive management project success. O’Donnell
and Galat (2008) articulated and evaluated some success
criteria for adaptive management of riverine systems.

In the DOI Adaptive Management Technical Guide
(Williams et al. 2007) a straightforward standard for
recognizing success in adaptive management projects was
proposed. An adaptive management project is viewed as
successful if progress is made toward achieving manage-
ment goals through the use of a learning-based (adaptive)
decision process. This standard contains two essential
elements: progress toward achieving objectives, a primary
indicator of success for any management strategy; and the
use of learning-based management, with the integration of
stakeholder involvement, targeted monitoring, agreed-upon
objectives, management alternatives, and projections of
consequences into an iterative learning cycle.

On the basis of this standard, four criteria were identi-
fied for successful implementation in the DOI Adaptive
Management Technical Guide.

First, recognizable progress must be made in
achieving management objectives over a reasonable
time frame. Of course, management objectives will
not always be met with certainty; for example, the
outcomes of local management can be masked by
larger-scale processes outside the control of manage-
ment decision making. Thus, management must be
judged by the process of decision making as well as
short-term progress toward desired results.

Second, monitoring and assessment results must be
used to adjust and improve management decisions.
The linkage of monitoring and assessment to objec-
tive-driven decision making is what defines adaptive
management and allows its long-term benefits to be
realized. When learning is folded into future manage-
ment, that in itself is an indicator of success.

Third, stakeholders must be actively involved in

and committed to the decision-making process.

This involvement provides a solid foundation for
learning-based management and builds support for it.
It also gives resource managers the chance to obtain
additional information about the resource system and
priorities for management.

Finally, the implementation of
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Costs and benefits. A common criticism of adaptive
management is that it demands time and resources.
Everyone who has attempted adaptive management
knows that engaging stakeholders over the life of a project
takes time and effort. Everyone knows that reaching
consensus about objectives and management options can
be difficult and frustrating, in large part because stake-
holders often come to negotiations with strong opinions
about what actions to take and what outcomes to expect
(Wondolleck and Yaffe 2000). Everyone is aware of the
difficulties involved in problem framing, modeling, and
identification of uncertainty.

Though the costs of stakeholder engagement,
problem framing, monitoring, and so on sometimes seem
prohibitive, the costs associated with not making these
investments are often unrecognized or unacknowledged
(Wildavsky 1988). Without a learning-based approach,
management improvements, if they occur at all, accumu-
late more slowly, thus leaving the system vulnerable to
surprising and potentially disruptive behaviors. Among
other things, a lack of agreement by stakeholders about
scope, objectives, and interventions can by itself cause the
project to fail and lead to litigation. In this case the project
implementation can be delayed, costs can skyrocket, and
the loss of long-term ecosystem values can be very high.

While adaptive management does involve a commit-
ment of time and resources, these costs are compensated
by future benefits from better understanding and increased
flexibility in dealing with surprise. This contrasts with
management in the absence of an active engagement of
stakeholders or a consistent framing of the scope, objec-
tives, and other elements of a structured approach. An
appropriate analysis of the value of adaptive management
involves a comparative assessment of its benefits and
costs, including opportunity costs, relative to the benefits
and costs of non-adaptive management.

As mentioned earlier, the benefits of adaptive
management include management improvements that
result from better understanding. But learning also
produces external benefits because the knowledge gained
from an adaptive management project can be applied
to other problems in different settings. How great the
external benefits are depends on how significant the
knowledge is, and how broadly it is used in other manage-
ment settings.

In terms of costs, an accurate accounting would
include direct management costs as well as the costs of
monitoring and working with stakeholders. A simple,
non-comparative analysis produces a biased accounting

of adaptive management costs because it doesn’t recog-
nize the fact that many of the project costs attributed

to adaptive management would also be incurred with
non-adaptive management. A comparative assessment
would consider the costs of adaptive management above
and beyond those that would be incurred in any case.
This kind of assessment is complicated by the fact that
monitoring and stakeholder involvement can change the
benefits as well as the costs.

Tﬁaogﬁ the costs oﬁ'z‘ﬂ&eﬁoﬂlfer enﬂ@emenﬁ
pmé[em fmmi@, monifam’ry, and so on sometimes
seem ﬁmﬁiéiﬁue, the costs associated with not maéinj
these investments are 0ﬁ‘en Mnremﬂnize/ or unac-
Know[%@e&/ [ Wiﬁ/&wy@ 1988). Without a /earm’ry~
based. appmacﬁ, management imfprovements, if fﬁey
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We propose the following comparative evaluation
of benefits and costs, at the level of projects considered
individually or in a broader ecosystem context.

At the project level, costs and benefits of an adaptive
approach are compared directly to the costs and benefits
of a non-adaptive approach to the project. Because
monitoring and stakeholder involvement almost always
occur at some level in non-adaptive projects, evaluations
should focus on any extra costs incurred specifically by
the adaptive approach. A careful analysis of costs associ-
ated with monitoring and stakeholder involvement may
show that the costs of adaptive management are actually
less than those of non-adaptive management, over the
long term.

At a larger scale, the systematic evaluation of
adaptive management addresses the benefits and costs
of a group of projects considered as part of a larger
ecosystem. As in project-level evaluations, the focus is on
comparing adaptive management with other management
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approaches. However, here the external benefits become
more significant, because what is learned from one project
can be applied to related projects, and the diffusion of
knowledge to other projects becomes an important issue.
Adaptive management in a larger systematic context also
can lead to reduced monitoring costs as knowledge gained
from one project benefits another, thereby reducing the
need for duplication of effort. At this level, opportunities
for economies of scale from geospatial coordination can
be significant. As the problems in managing ecosystems
increase in scale and complexity, the advantages of
applying adaptive management systematically are also
likely to become greater and more apparent.

It is worth re-emphasizing that adaptive management
is designed to yield insights about natural resources
and their responses to management as interventions
occur through time. The process produces improved
understanding and management gradually, as monitoring
data are assessed and uncertainty is reduced. Among other
things, this means that the time frame for an adaptive
management project should be long enough to allow for
the learning process. Consideration of the necessary time
commitment for adaptive management should be a key
point of negotiation in deciding whether to use
the approach.

3.4. Impediments and alternatives to
adaptive management

Regardless of the features that recommend adaptive
management, its use in the real world of natural resource
management is still evolving. Where it is applied, the
view is sometimes that adaptive decision making does not
add significant value. If adaptive management makes so
much sense in concept, why has it not been implemented
more frequently and successfully?

The literature on adaptive management points out
many impediments to its success (e.g., McLain and Lee
1996, Walters 1997, Gregory et al. 2006). A partial list
includes the following.

e A complex decision-making structure must be in
place or be put in place, and technical expertise and
support must be available for people who implement
adaptive management. Establishing this type of
decision-making framework can involve considerable
up-front costs.

e There often is institutional resistance to acknowl-
edging uncertainty. Many managers feel that
acknowledging uncertainty is tantamount to an
admission that they are not competent.

¢ Managers often believe they already know the actions
that are needed, and follow-up monitoring and
assessment are unnecessary activities using resources
that could be put to better use for conservation on the
ground.

e Many people believe that they are already using
adaptive management, even when they are not. This
occurs most often with projects that involve some
ongoing monitoring, in the mistaken belief that
monitoring by itself is enough to make a project
“adaptive.”

e There is extreme risk aversion by many managers,
which leads to strategies that are risk-aversive in the
near term, with little or no opportunity for learning.

¢ Management often is short-sighted, emphasizing
near-term gains and losses and devaluing long-term
management benefits and costs. If the future is
heavily discounted, there is little incentive to use
adaptive management to learn how to manage better
in the future.

e Stakeholders are not engaged in a meaningful way.
Without direct involvement, stakeholders can become
disillusioned with management practices, withhold
support for a project, or mount legal challenges. Yet
many managers are reluctant to include stakeholders
in decision making.

e There is a lack of institutional commitment to follow
through with the necessary monitoring and assess-
ment after an initial start-up of adaptive decision
making. Monitoring activities include sampling
design, data collection and summarization, database
management, and data assessment. Many managers
are unable or unwilling to continue these activities for
extended periods of time.

These and other impediments (overlapping jurisdic-
tions; conflicting priorities among scientists, decision
makers, and stakeholders) can be enough to prevent the
successful implementation of adaptive management
(McLain and Lee 1996, Walters 1997, Rogers 1998).
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With all these challenges, an obvious question is what

are the alternatives to adaptive management? Several
have been identified (Williams 19975).

Ad hoc management. This approach could also be
called seat-of-the-pants decision making, based on
some combination of anecdotal information, the
absence of clear management goals, little or no
technical foundation for management actions, and
inadequate monitoring. It is a variation of trial-and-
error management.

Wait-and-see management. Managers using this
approach refrain from interventions for extended
periods of time on the assumption that natural varia-
tion will provide enough information to understand
the consequences of management. The approach
avoids the potential for negative impacts of active
management, but does not account for decision
making and the possibility of learning and resource
sustainability through management.
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Steady-state management. With this approach
managers take their best guess at an optimal resource
state and look for management actions to eliminate
deviations from that state. Above and beyond the
obvious problem that there really are no equilibrium
conditions in natural resources, steady-state manage-
ment confounds environmental conditions and
management impacts, and thereby limits the opportu-
nity to learn by means of management (see Williams
19975h, Gunderson 19994). Eventually it leads to loss
of resilience and increasing vulnerability to external
shock (Gunderson and Holling 2002).

Conventional state-specific management. This
approach involves the use of explicit objectives and
models. The approach is based on an assumption that
the objectives are appropriate, the resource system

is fully observed and understood, and the resource
models reflect full understanding. New data are

used to track the system’s current status; however,
structural uncertainty and surprise are not accounted




for in the assessment of management alternatives. The
problem is that uncertainty is almost always present,
though often not explicitly expressed and sometimes
not recognized.

Under the right circumstances, most of these manage-
ment approaches can be appropriate. Non-adaptive
management is reasonable if there is little uncertainty
about what actions to take and what results to expect,
if effective monitoring is not possible, or if there is no
way to feed results of monitoring and assessment back
into management strategy. An adaptive approach can be
successful only when the basic requirements for imple-
mentation can be met (Williams et al. 2007). When they
cannot be met, an alternative approach may be more useful
and less costly. However, keep in mind that resource
systems are never fully understood, and there is always the
possibility of unexpected consequences of a management
strategy. Even if non-adaptive management is used, it is

smart to engage stakeholders actively and maintain enough

flexibility in management practice to change the manage-
ment strategy when the need becomes obvious.

3.5. Organizations and
adaptive learning

Adaptive management flourishes in an environment
in which surprise is anticipated, learning is promoted,
and participatory decision making is the norm (Stankey
et al. 2005). But in spite of frequent assertions that adap-
tive management is being used, and frequent descriptions
of learning as an element of management, there has been
only limited progress in promoting a connection between
learning and management. Documentation of the
institutional structures and processes needed to make an
adaptive approach work is also limited (Mclain and Lee
1994). For adaptive decision making, organizations must
make a transition from the more traditional “command
and control” structure to one that is more inclusive,
collaborative, risk tolerant, and flexible (Gunderson
19995, Stankey et al. 2005). The difficulties of making
that transformation, including the sustained commitment
of leadership and the staffing of skilled practitioners at
the field level, should not be underestimated.




An institution’s recognition of uncertainty as an
inherent part of natural resource management is very
important. Some hold that adaptive management is not
feasible unless the management institutions are willing
to embrace uncertainty (Gunderson et al. 1995). Among
other things, the embrace of uncertainty means accepting
that different viewpoints exist and involving stakeholders
with different perspectives in identifying and addressing
uncertainties.

At issue here is the structure and context of a
learning-oriented organization that can facilitate adaptive
decision making. Attributes of a learning organization
include the following (Senge 1990, Fulmer 2000, Michael
1995):

e acknowledgement that the world is uncertain and that
it often is impossible to predict outcomes accurately;

realization of the importance of training people in the
group process skills needed to work effectively in
cross-disciplinary teams;

positive reinforcement and rewards for experimenta-
tion and learning; and

recognition that surprises and even crises can be
opportunities for learning.

Many observers think that the major challenges in
adopting adaptive management are fundamentally institu-
tional (Stankey et al. 2005). Institutions are built on major
premises and long-held beliefs that are deeply embedded
in educational systems, laws, policies, and norms of
professional behavior (Miller 1999). There is a natural
tension between the tendency of large, long-standing
organizations to maintain a strong institutional framework
for thinking and decision making, versus adaptive deci-
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Structuring an organization for learning-based
management can be hampered by the widespread belief
that adaptive management does not constitute a significant
departure from past practices, and involves little more
than occasionally changing management actions (Stankey
and Clark 2006). One consequence is that not enough
attention is paid to institutional barriers, and not enough
effort is spent on designing organizational structures and
processes to accommodate an adaptive style of manage-
ment. At a minimum, it is necessary to rethink the notions
of risk and risk aversion, and establish conditions that
encourage and reward learning by individuals.

3.6. Statutory and
regulatory considerations

Adaptive management is an open process of decision
making in which stakeholders are directly engaged and
decision-making authority is shared among them. One
requirement is that objectives and other elements of the
decision process are stated explicitly and that they remain
open to analysis and debate. A crucial feature is learning
over time, and adjusting decisions as understanding
improves. However, the use of an adaptive management
approach does not preclude the necessity of complying
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with the statutory and regulatory requirements that

apply to a particular program or project. For example,

the adaptive management process for dam relicensing
should account for the requirements of the Federal Energy
Regulatory Commission, or the requirements for the
Endangered Species Act and its implementing procedures.

A particular example is the effort by the Fish and
Wildlife Service to integrate adaptive management prin-
ciples into habitat conservation plans under Section 10 of
the Endangered Species Act. In this guide, our example
of fish conservation in the Etowah River (see appendix)
illustrates how this can work. In another example,
relicensing of dams by the Federal Energy Regulatory
Commission may call for adaptive management to adjust
flow regimes as information is gathered about flow
impacts on aquatic species at risk. The study of the dam
on the Tallapoosa River, described in Chapter 7, is a case
in point. Under certain conditions, it is possible to make
a permitting process adaptive at the programmatic level.
Our examples of energy infrastructure siting and opera-
tions suggest how knowledge gained at one site can be
applied systematically to decision making at other sites.

Any anticipated federal decision-making contem-
plated in an adaptive management approach to natural
resource management must be supported by analysis
prepared according to the requirements of the National
Environmental Policy Act (NEPA). Care must be taken to
structure analysis pursuant to NEPA, which may include
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preparation of an environmental impact statement, to
support the decision making contemplated in an adaptive
approach to management.

In all these cases, agency officials should invest
significant effort in assessing legal issues at two critical
stages of adaptive management: (i) at the time a decision
is made to use adaptive management for a particular
project, and (ii) at the time the agency seeks to adjust
management decisions based on the information derived
from monitoring and assessment. Knowing what federal
laws and regulations require, and what limitations apply
before agency decisions are made, allows stakeholders
to anticipate the legal requirements and integrate them
into an adaptive management process. Of course, it is
important to recognize that some laws and implementing
regulations prescribe specific activities and assessments
that could limit or even preclude the use of adaptive
management.

National Environmental Policy Act. One of the
most important statutes for an agency to consider as it
implements adaptive management is NEPA. The primary
goal of this statute is to ensure that agency decision
makers and the public recognize and account for envi-
ronmental and other related impacts of proposed agency
actions. Compliance with NEPA generally involves a
series of specific procedural steps, and certain NEPA
processes involve public participation and public review
and comment on the agency’s proposed action and its
environmental consequences as disclosed through the
NEPA process. In general, federal agencies can take three
approaches to compliance with NEPA, depending on
the relative significance of environmental consequences
anticipated to result from the agency’s proposed action.
An environmental impact statement (EIS) is required
whenever an agency proposes a “major federal action
significantly affecting the quality of the human environ-
ment.” An EIS must include an analysis of alternatives
to the proposed action. The actions contemplated for
implementation in a particular adaptive management
process may rise to the level of a major federal action
requiring preparation of an EIS. Other less complex or
controversial actions may be addressed under NEPA by
a less comprehensive environmental assessment (EA).
Under NEPA, the completion of an EA will result either
in the identification of possibly significant impacts of
the proposed action (and the need to prepare an EIS), or
can support a “finding of no significant impact.” Finally,
some proposed actions can be categorically excluded
from preparation of an EIS or EA, if provided for in an
agency’s NEPA implementing procedures.



An EIS incorporating adaptive management needs to
describe clearly how the approach would be implemented.
This not only includes the types of actions that are :
proposed initially, but also the results that are anticipated =
from monitoring and assessment, and future actions "3
that may be implemented on the basis of those results.
Decision makers and the public must be able to see how
the adaptive management approach would be imple-
mented, including potential future actions and anticipated
impacts on the environment. The anticipated impacts of
such potential future actions may either be analyzed in
NEPA analysis prepared at the point of the initial decision
to take an adaptive approach, or may be considered in
NEPA analysis prepared to support a new decision or r
decisions when it becomes clear, as a result of monitoring
and assessment, that such actions are warranted.

As acknowledged in guidance issued by the
Department’s Office of Environmental Policy and
Compliance (ESM No. 10-20, April 23, 2010), adaptive
management and NEPA share an emphasis on learning. A
common challenge in making adaptive management work
in natural resource decision making is that ongoing moni-
toring and assessment may reveal new information that
requires a new decision to be made to alter the manage-
ment situation. A proposal to make a new decision or X
take a new action triggers the requirement to comply with
NEPA. If the EIS or other NEPA analysis is prepared at
the outset of the project using an adaptive management
approach, and it anticipates additional decision making
and analyzes the possible environmental consequences
of subsequent decision making at the outset, then it may
be that no new analysis is needed for purposes of NEPA
compliance (see 43 CFR 46.145). -

In the event that the NEPA documentation prepared
at the outset of the project does not, or can not (because
of uncertainty), provide such analysis, then additional
analysis must be prepared pursuant to NEPA in order to
display and analyze the new learning upon which a new
set of alternatives is available for decision making. In
such a case, the agency may elect to prepare an EA or
EIS, which may, if appropriate, be “tiered to,” or incorpo-
rate by reference, material from the previously prepared ‘ 3
NEPA analysis (see 40 CFR 1508.28, 43 CFR 46.140), in =~ x ’
order to support the new decisions to be made. In some
circumstances, depending on the way the decisional space
has been framed, the agency may elect, or may even be !
required, to prepare a supplement to the NEPA analysis
supporting the existing decision, in order to support the
new or changed decision (see 40 CFR 1502.9[c]).



When describing alternatives in an EIS, two important
issues should be taken into account. The first focuses on
the range of impacts of the management alternatives. Here,
the effects on the resource can be estimated by analyzing
the alternatives that are most and least intrusive, along with
a non-action option. These alternatives should encompass
the range of impacts and successes associated with the

remaining alternatives. By considering such a range of
alternatives, one avoids the possibility of choosing an
alternative that exceeds the limits of the original analysis,
which would trigger additional NEPA review (citation
http://ceq.hss.doe.gov/ntf/report/chapter4.pdf ).

The second issue focuses on the potential effects of an
array of potential management alternatives and the condi-
tions that would lead to the selection of one of them. That
is, the effects of each potential alternative are individually
analyzed, including specification of the data that lead to
selection of the chosen alternative. If effectively planned,
an EIS will cover a wide enough range of future possibili-
ties and a clear prescription of the conditions for their
use, to preclude the need for additional NEPA analysis,
documentation, and public involvement in the future.

The overall goal is to analyze the impacts of different
management alternatives in a way that sustains maximum
flexibility in selecting the appropriate option without
triggering the requirement for a new or supplemental

- NEPAreview.
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In this chapter we discuss some important technical
issues that arise in the implementation of adaptive
management, in particular the treatment of uncertainty
in resource management and the influence of long-term
(and uncertain) environmental trends. We also address
attributes of models and management alternatives that
promote learning.

4.1. Components of uncertainty

Here we revisit the components of uncertainty that
can affect natural resources in the context of thematic
areas explored in this guide. We focus on the uncertainty
factors highlighted in Chapter 2, including environmental
variation, partial controllability, partial observability,
and structural uncertainty. These uncertainties influence
natural resources management in different ways and at
different points in a resource system (Figure 4.1). Taken
separately or in combination, they can limit understanding
of resource functions and restrict our ability to identify
useful management strategies. The difficulties they
introduce vary with the particular ecological situation, but
as a rule their potential impacts increase with the scale
and complexity of the resource system.

Environmental variation. Environmental condi-
tions can be viewed as external factors that influence,
but are not influenced by, resource conditions and
dynamics. Here we consider environmental conditions
in terms of the physical environment, as expressed in
precipitation patterns, temperature regimes, ambient light
conditions and other measures, as well as extremes in
these conditions. Environmental conditions directly and
indirectly influence the ecological and physical processes
that determine resource dynamics. Because they vary
randomly over time, future conditions cannot be predicted
with certainty.

Environmental fluctuations may be thought of
as lacking a discernable pattern of change in central
tendency or range of variation. Alternatively, they may
be seen in terms of directional trends, such as a long-term
decrease in average precipitation or an increase in the
range of ambient temperatures. The latter framework is
especially relevant to climate change, which is character-
ized in terms of directional environmental change over an
extended period.

management management management
decision decision decision
partial
control structural
uncertainty
resource resource resource
state state state

environmental
variation

environmental
conditions

t-1

environmental
conditions

partial
observability

environmental
conditions

time
t+1

Figure 4.1. Uncertainty factors in natural resource management. Partial control limits the influence of management actions.
Environmental variation affects resource system status and dynamics. Partial observability limits the recognition of system status.
Structural uncertainty limits the ability to characterize system change.
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Fluctuations in the environment can interact with
land-use and land-cover changes that occur during the
same time that the climate is changing. Urbanization,
deforestation, industrial agriculture, manufacturing,
mining, transportation, and other activities have increased
worldwide, with potentially profound impacts on resource
systems. Because climate change and human development
have occurred simultaneously, their impacts are difficult
to separate. However, there is little doubt that in combina-
tion they are altering natural resource systems and causing
long-term changes in resource dynamics.

It often is useful to include unrecognized landscape
heterogeneity and unpredictable human impacts on the
landscape as a part of “environmental variation.” In
combination these factors can greatly influence resource
responses to management, depending on the scale and
unpredictability of the change. For example, manage-
ment strategies needed for irregular, large-amplitude
environmental fluctuations may differ from those needed
for more predictable fluctuations of smaller amplitude.
Though environmental variation is assumed to be uncon-
trolled, it can be tracked through monitoring and incorpo-
rated into forward-looking management strategies.

Partial controllability. Partial controllability refers
to the difference between the results intended by a
given management decision and the results that actually
occur. Stated formally, it describes a random association
between intended and realized management actions.
Unintended outcomes are often a result of management
decisions implemented by indirect means. For example,
hunting permits may be used as an indirect means to
attain a chosen rate of waterfow! harvest, as in our
example of adaptive harvest management (Section 4.4); or
forestry regulatlons may be used to ]|m|t Iogglng -related
#1 | r b % ‘? ’ ,

;ﬂ;{‘{ hy hﬂ“ 1IN ": T__..I-".

impacts on wildlife. The net effect is that the intended
outcome of a management decision is only partially
accomplished by the action taken. One way to account for
this is to characterize an anticipated action probabilisti-
cally, with a distribution that assigns probabilities of
occurrence over a range of potential outcomes.

A somewhat different version of partial controllability
can arise if there is a delay between identifying an action
and implementing it. In this case partial controllability
is induced not by an imprecise or indirect linkage to a
control mechanism, but rather by unforeseen circum-
stances that restrict or prevent the implementation of the
action. One example is an unanticipated loss of funds
for a management intervention. In such a case there is a
point between the identification and implementation of
an action when the manager recognizes that the chosen
action cannot be carried out.

In actual operations, partial controllability differs
from environmental variation in terms of the nature and
timing of its effect. Thus, partial controllability occurs at
specific points in the resource system where management
alters resource conditions and states, with decisions and
actions linked at each point in time (Figure 4.1). On the
other hand, environmental variation is expressed through
fluctuations and trends in environmental conditions over
time. Fluctuating environmental conditions influence
ecological processes in ways that are uncontrolled,
uncertain, and often unrecognized.

Notwithstanding these differences, environmental
variation and partial controllability are sometimes
combined in models of resource dynamics, mainly
because of similarities in the way they are characterized.
Like environmental variation, partial controllability
‘ b r $ 5 4 . } :



increases with geographic scale and ecological complex-
ity: the larger and more complex the resource system, the
less certain we can be that management decisions will
have the intended outcome. For example, regulations for
hunting ungulates may not result in the intended harvest
rates if the animals occur in wide-ranging groups (perhaps
based on age or sex) with different likelihoods of being
seen by hunters.

Partial controllability is likely to cause significant
uncertainty in managing projects in the thematic areas
emphasized in this guide. For example, indirect mecha-
nisms like tax incentives, permit systems, and carbon

trading arrangements may be used to preven

tlatmospher

carbon dioxide from rising above a certain level, but the
net effects of these emissions controls may differ from
the outcome that is intended. Climate change adaptation
also may involve indirect control mechanisms, such as
land transfers, outreach and communication efforts, and
regulatory mechanisms. Similarly, partial controllability
is likely to be an important uncertainty factor in water
management, energy development, and large-scale human
activities on the landscape, each of which involves many
of the same kinds of management controls that can

be used for climate change. The importance of partial
controllability varies with scale, and it tends to be less
important in localized, smaller-scale projects for which
random variation is limited and control can be exercised
more directly.

Partial observability. Partial observability expresses
our inability to observe completely the resource system
that is being managed. Natural resources are almost
always partially observed. For example, only a part of
the area where a fish population occurs can be monitored,
and a sampling strategy needs to allow inferences over
the whole area on the basis of the observation of only a
part of it. Observability is further complicated by the fact
that individuals (e.g., plants and animals) often escape
detection, even in areas that are intensively monitored.

In combination, incomplete geographic coverage and
incomplete detectability mean that observations collected
in the field are associated with — but not the same as —
actual system states.

Partial observability obscures the resource status
on which effective management depends. This reduces
management effectiveness, even if environmental varia-
tion is minimal and management actions are precisely
controll d. For gxafpp}e dec1s1on ithout accu—
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rate information can fail to recognize the need to protect
a resource, or overlook opportunities for sustainable
resource exploitation (Moore and Kendall 2004). These
problems become more pronounced under highly variable
environmental conditions.

Partial observability is commonly measured by
sampling variation, which occurs when field data are
collected and analyzed. Unlike environmental variation,
over which we have little if any control, the accuracy with
which resources are observed can be controlled by design-
ing field sampling efforts efficiently. For example, we
can reduce uncertainty about resource status with more
intensive sampling, optimal geographic design of the
sampling effort, and the use of standard survey principles
like randomization, replication, and controls. Nonetheless,
partial observability can rarely be eliminated, no matter
what the design and sampling intensity.

There are several ways of dealing with partial observ-
ability in decision making. One is to estimate resource
status with field data, and then treat the estimate as if it
accurately represents resource conditions. Another is to
state the uncertainty about resource status explicitly, with
probabilities for possible resource states, and incorporate
these probabilities directly into the decision-making
process (Williams 2009). The first approach is far more
common in natural resource management. Of course,
the most direct way to address partial observability is to
reduce it as much as is practicable with well-designed
monitoring.

Like the other forms of uncertainty, partial observ-
ability increases with geographic scale and ecological
complexity. For example, wildlife population abundance
is more difficult to estimate if populations consist of
widely dispersed age or size groups that are not equally
detectable. As a general rule, the larger and more complex

the resource system, the less certain we can be that the
resource estimates on which management is based track
the actual system state.

Structural uncertainty. Structural uncertainty is a
result of a lack of understanding (or lack of agreement)
about the processes that control resource dynamics. In
virtually all cases there is some degree of uncertainty
about the forms and functions — i.e., the structure — of
natural processes. Structural uncertainty can limit our
ability to manage resources effectively and efficiently,
even if monitoring is exact, management actions are
rigorously controlled, and environmental variation is
minimal.

The differing views held by stakeholders about
how natural processes work and how they respond to
management are examples of structural uncertainty.
These views can be framed as hypotheses about system
processes and responses and then embedded in models,
which in turn can be used to make testable predictions.
Examples of uncertainty about resource form and
function include hypothesized associations between
different attributes of the resource, or relationships
between controls and resource elements, or connections
between environmental conditions and resource states, or
parameterizations of these relationships. The hypothesized
forms and parameterizations can be incorporated in
different models, and structural uncertainty then is
expressed in terms of uncertainty about which model
(and its embedded hypothesis) best represents resource
dynamics.

In adaptive decision making, structural uncer-
tainty changes over time because it is based on evolving
resource conditions and management actions. These
changes are quantified with measures of confidence in
the ability of the models to predict resource dynamics. A
common mathematical approach is Bayesian updating,



which combines confidence values and monitoring data at
each point in time to generate new confidence values for
the next point in time (Lee 1989). Confidence increases in
models that make accurate forecasts of resource condi-
tions, and confidence declines in models that do not make
accurate forecasts. Of course, changes in confidence differ
from a change in the hypotheses themselves, which occurs
through the process of double-loop learning

(see Section 2.7).

Structural uncertainty, like the other forms of uncer-
tainty, has a tendency to obscure the effects of manage-
ment and reduce effectiveness. However, it differs from
environmental variation and partial controllability in its
point of influence (Figure 4.1) and the manner in which
it is treated. Structural uncertainty can be reduced by
applying management strategies to affect the measures of
confidence in models. In contrast, environmental variation
(and in some cases partial controllability) are effectively
uncontrolled.

4.2. Systemic resource
changes over time

Adaptive management is usually framed in terms
of an (often unstated) assumption that the features
and processes of a resource system are stable over the
management time frame, so that uncontrolled fluctuations
change little in overall direction or range of variation.
A generic model for adaptive management assumes that
at any given time, resource change is influenced by the
state of the resource, environmental conditions, and
the management action taken at that time (Figure 2.1).
Randomness in environmental conditions induces random
resource changes, and directionality in these conditions
over time means that uncontrolled resource dynamics
also tend to exhibit directionality over time. Conversely,
random and non-directional environmental fluctuations
tend to preserve dynamic stationarity in resource behav-
iors. Approaches to system analysis and control, includ-
ing the framework typically used in adaptive decision
making, have traditionally rested on the assumption that
system features and patterns of fluctuation are stable over
time.

It is becoming increasingly clear that for a great
many resource systems, the ecological structures and
processes controlling resource dynamics are changing in
ways not fully expressed by the management framework
depicted in Figure 2.1. Of particular importance is that
environmental conditions, and the ecological processes
influenced by them, are exhibiting directional patterns of
change. An obvious example is climate change, in which

the environment is seen as evolving directionally in terms
of temperature, precipitation, and other variables.

An important challenge for an adaptive approach
is to include directional trends in the environment.
Such an extended framework is especially relevant to
climate change, as expressed in terms of directional
environmental change like a long-term decrease in
average precipitation or an increase in the range of
ambient temperatures. Of course, directional change can
be important over shorter periods as well; many anthro-
pogenic forces exhibit large-scale directional change on
shorter time scales than climate change. In either case,
directional change has the potential to induce directional-
ity in resource behaviors, i.e., to generate non-stationary
resource dynamics.

Non-stationary dynamics become especially challeng-
ing for a forward-looking, learning-based approach like
adaptive management. Learning about resource processes
and management impacts proceeds through an iterative
process of decision making, follow-up monitoring, and
assessment of impacts. The cycle of learning becomes
more difficult when the subjects of investigation — the
ecological processes that determine resource change — are
themselves evolving.

One way to address this problem is to track and
even model the environmental drivers of change, and
to use trends in environmental conditions to account
for changes in patterns of resource change over time.




Another way is to look for limited periods during which
resource processes are largely stable so that learning-
based management can be effective. A third approach is to
develop environmental scenarios with different patterns of
directional change, and try to design acceptable manage-
ment strategies that account for uncertainties among the
scenarios. Adaptive decision making then can be used to
address uncertainty about which scenario is appropriate
(and therefore which strategy should be chosen).

Non-stationarity is a newly recognized and serious
challenge to adaptive decision making, one for which we
need new approaches that go beyond the standard ways of
framing and conducting learning-based management. At
a minimum it is necessary to look for directional trends
in environmental conditions and systematic changes in
resource structures and functions, and consider ways to
accommodate them.
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Finally, it is worth re-emphasizing that systemic
change in resource dynamics can also be caused by
large-scale, effectively permanent human interventions
on the landscape. At a certain scale the human footprint
on the landscape can be thought of as part of the external
environment, and long-term growth of that footprint can
easily cause changes in physical and ecological processes.
Because it is the result of human actions, the footprint
presumably is partially controllable. However, long-term
changes, driven in large part by the growth of human
populations, economic growth, technological change, and
demands for natural resources and space, are unlikely to
stabilize in the foreseeable future. Like the directional
change in environmental conditions caused by climate
change, long-term patterns of increasing resource use
and disturbance, and the directional trends they cause in
resource dynamics, will need to be taken into account in
adaptive decision making.




4.3. Models, management
alternatives, and learning

In an adaptive management application, both models
and management alternatives are identified and agreed
upon by managers and other stakeholders. The models,
which embed different hypotheses about how the resource
system works, represent uncertainty (or disagreement)
about ecological processes and the influence of manage-
ment on them. The management alternatives express
a range of potential actions that can be taken at each
decision point.

Models play a key role in adaptive management by
incorporating different hypotheses about how a resource
system works and how it responds to management.
Agreements, disagreements, and uncertainties about
resource behaviors can be highlighted with models and
used to guide investigations through basic research and
learning-oriented management interventions.

The management alternatives also play a key role.
The identification of informative and effective strate-
gies depends upon differences in predicted responses to
management actions. For optimal management, distinctly
different predictions should be produced for the alterna-
tive actions, so as to facilitate the identification of an
optimal action. To promote learning, distinctly different
predictions should be produced by the alternative models.
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These conditions suggest two ways that adaptive
decision making can be compromised. One way is that the
models representing uncertainty about system structure
produce similar predictions for the alternative actions.
Under these circumstances there is little practical value in
resolving uncertainty about how the system works, since
the models describing system performance all perform
equally well. The other way adaptive decision making
can be compromised is that the available actions produce
essentially indistinguishable results for each model. In this
situation there is little value in attempting to discriminate
among management alternatives because they all produce
similar results. The latter situation often occurs when the
potential management alternatives differ only marginally.

This implies that the models and management alterna-
tives should be considered in combination. For a given set
of actions, the various models under consideration should
predict distinctly different outcomes, so that learning
through management becomes possible. Similarly, the vari-
ous alternatives should produce distinctly different predic-
tions, so that the best action can be clearly seen. Adaptive
decision making works best when (i) there is substantial
variation in the hypothesized forms and functions for the
resource system, and (ii) management alternatives differ
substantively in their predicted resource responses.

A special case of adaptive decision making treats
the management alternatives themselves as hypotheses
(Williams 2011a). Each alternative is seen as a hypothesis
about the effectiveness of the action, much as hypotheses
in experiments are expressed in terms of responses to
experimental treatments (Graybill 1976). The emphasis
here is restricted to system responses to management,
rather than improved understanding of the ecological
processes behind those responses.

As an example, consider the alternatives of clear
cutting, thinning, and selective cutting as hypotheses
about the best way to manage a forest stand. A choice of
one of the alternatives sets up an “experiment,” which
provides evidence that either does or does not support
the intervention as an effective management action. If
the forest’s response contributes to meeting the manage-
ment objectives, the intervention is a viable candidate
for continued use. A response differing from what was
expected or desired suggests that the intervention should
be rejected in favor of another. The problem, of course,
is that there is always uncertainty about system responses
to management interventions, and predictions about the
responses must somehow account for those uncertainties.
Without a mechanism for learning based on the compari-
son of alternative predictions against observed evidence,
this “experimental” approach can easily become a form of
trial and error management.

There are at least two ways to strengthen the infer-
ences of such “experimentation.” A traditional way is
to use randomization, replication, and controls, when
possible, in the spirit of experimental design. Thus,
we might use simultaneous interventions on different
management units in different places. This makes it
possible to compare the effect of one intervention on
a group of management units against a different inter-
vention on other units. Our example of post-wildfire
management after the Biscuit Fire in Oregon describes
such a management study by the Forest Service. Standard
statistical treatments can be used for the comparison, with
results that can contribute to improved management.

If the interventions are carried out sequentially, one
can compare monitoring data against predictions for each
alternative to update confidence in the alternatives over
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Figure 4.2. Conceptual model of annual cycle of mallard population dynamics. Model includes survival rates for spring-summer
(S,) and fall-winter (S ), along with harvest rates for young (hy) and adults (h,) and age ratio (A) for reproduction/recruitment.



time. In this case, one must describe a predicted response
to a given intervention under each of the alternative
models. For example, hypotheses (models) can be formu-
lated based on the relative responses to clear cutting,
selective cutting, and thinning. One common method is to
identify confidence values for the intervention models and
update these values at each decision point by comparing
predicted responses with post-decision monitoring data
(Williams et al. 2002). In this way the confidence values
can evolve over time, increasing for alternatives that are
supported by the data and decreasing for alternatives that
are not. A change in the confidence values then becomes
a measure of learning over time, leading gradually to
recognition of the best intervention.

Learning through experimentation typically involves
the use of classical hypothesis testing, in which interven-
tions are considered experimental “treatments” and
analysis-of-variance methods are used to recognize statisti-
cally significant treatment effects. When interventions are
implemented sequentially, a popular alternative for learning
is to update the credibility of different hypotheses over time
on the basis of post-decision monitoring data.
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4.4. Example: Uncertainty and
learning in waterfowl management

An example that highlights many of the points
in this chapter is the framework for adaptive harvest
management of waterfowl. Adaptive harvest manage-
ment was begun in 1995 as a process for setting annual
regulations for the sport hunting of waterfowl in North
America (Williams and Johnson 1995, Williams et al.
2002). It uses a simple model to represent associations
among fall harvest, seasonal survivorship, and spring
reproduction (Figure 4.2). Contrasting hypotheses about
the impact of harvest on annual survivorship are easily
incorporated into different versions of the model by
describing different functional relations between harvest
rates and post-harvest survival. In addition, contrasting
hypotheses about the importance of density dependence
in recruitment are incorporated by describing recruitment
in terms of spring population size. In combination, these
hypotheses define different models, each with its own
predictions about harvest impacts and each with its own
measure of confidence that evolves over time. The models
and their measures of confidence characterize structural
uncertainty, which is reduced as harvest actions are taken
and post-harvest monitoring data are used to update the
confidence measures. Learning is expressed through the
updating of these measures and is folded into the annual
process of setting hunting regulations.




The forms of uncertainty we have described in this chapter enter naturally into
this problem. For example, harvest rates that are targeted through the use of regu-
lations result in partial controllability. Environmental variation affects recruitment
through water conditions on the breeding grounds, as measured by the abundance
of ponds. The change in pond numbers each year is based on the number in the
current year and the amount of precipitation the next winter and following spring.
Precipitation amounts are assumed to be random and independent from year to
year, with no long-term trend in the average amount or severity of precipitation
events. Finally, one of the most comprehensive monitoring programs for wildlife
in the world (Martin et al. 1979, Smith et al. 1982) is used to estimate the status
of waterfowl populations and the parameters that control waterfowl population
dynamics.

The assumption of dynamic stability underlies the approach currently used
to identify optimal harvest regulations in the presence of the various sources of
uncertainty. Thus, harvest strategies are assessed in the context of a dynamic but
stable resource system. It is straightforward to incorporate non-stationarity in the
waterfowl harvest problem simply by including directionality in the amount of
precipitation over time. Long-term directionality in annual precipitation induces
systemic changes in the average pond conditions, which in turn induce long-term
patterns of change in waterfowl populations and harvests. Under these circum-
stances the structures and processes of the resource system change through time,
even in the absence of harvest. These changes should be taken into account as we
evaluate forward-looking harvest strategies (Nichols et al. 2010).
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In this chapter and the next we draw upon our
case studies to illustrate the elements and processes of
adaptive management in the areas of climate change,
water, energy, and human impacts on the landscape. We
concentrate on these themes for several reasons. They
represent major issues and management challenges for the
Department of the Interior and the nation at large. Each
of the areas comprises a large collection of management
challenges, with diverse stakeholders, complex interac-
tions among physical, ecological, and social components,
varying levels of uncertainty, and many opportunities
for an adaptive approach. Finally, it is easy to see how
management problems in each thematic area could benefit
from adaptive decision making.

First, we revisit the elements in the set-up or delibera-
tive phase of adaptive management (stakeholder involve-
ment, objectives, management alternatives, predictive
models, and monitoring protocols). Summary descriptions
of the examples used here are found in the appendix.

5.1. Stakeholder involvement

Stakeholders bring different perspectives, preferences,
and values to decision making. Managers can strengthen
their decision making by involving stakeholders in framing
a decision problem, identifying its objectives and models,
and even developing and implementing monitoring
protocols. It is important to have at least some stakeholder
engagement in all the set-up elements of a project, and to
continue that engagement throughout the project.

Stakeholder involvement varies greatly in the
thematic areas considered here. In fact, adaptive decision
making does not prescribe how many stakeholders are
appropriate, who they should be, or how they should
be organized. In some cases a few managers and deci-
sion makers may work directly with each other and the
resource. In other cases a large number of stakeholders,
including managers, scientists, regulatory organizations,
private citizens, and others may interact in a highly
structured and organized way.

It is not unusual for stakeholders to have widely
divergent viewpoints about managing a resource. A

critical challenge is to find common ground that will
promote decision making despite disagreements about
what actions to take and why. Failure to engage important
stakeholders, and disagreement about how to frame a
resource problem and identify its objectives and manage-
ment alternatives, are common stumbling blocks. The
challenges become more difficult with larger and more
complex ecological problems that involve multiple stake-
holders and a high degree of uncertainty (or disagree-
ment) about how to value and manage the resource.

As with any endeavor that involves working with
groups of people, principles and tools from the social
sciences are needed (Endter-Wada et al. 1998, Heller and
Zavaleta 2009). Failure to address social dynamics among
stakeholders in a participatory process can set a project up
for failure long before the advantages of adaptive decision
making can be realized.

Climate change. Landscape-scale climate change
projects are just now emerging in the United States, and
associated stakeholder groups are evolving. Because of
the large scale of climate change and the magnitude of its
potential consequences, climate change projects are likely
to attract numerous stakeholders with strongly held views
about the issues and the best approach to climate change
mitigation and adaptation. Ensuring that stakeholder
perspectives and opinions are heard and considered in
strategy framing and implementation is a major concern.

The number of stakeholders could vary, from only a
few for a local project involving a nature preserve, to a
great many for regional projects involving multiple juris-
dictions and management alternatives with wide-ranging
impacts. Stakeholder groups will include federal, state,
local, and tribal partners if the management options and
resources involve their authorities. Stakeholders will be
concerned about climate change risks, long-term sustain-
ability of ecosystems and communities, and potential
costs of mitigation and adaptation. The complexity of the
issues, as well as the values and desires of stakeholders,
calls for careful planning and engagement, often in a
structured context of facilitated meetings and
ongoing communications.
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Water resources. Stakeholder interests are tied to the
many uses of water. Demand for water almost always
exceeds availability, and this creates conditions for
potential conflicts. For many projects a broad geographic
area is affected by water management. The broader the
area, the more likely it is to encompass many different
stakeholder perspectives and commitments to specific
water uses. For example, a river hydropower project can
have an impact on natural resources both upstream and
downstream of the dam, with numerous affected parties
demanding to be recognized and engaged. The result is a
complex milieu of stakeholder interests and the potential
for conflict.

For all but the most localized examples, federal and
state interests are involved in the adaptive management of
water resources. Municipalities often have an interest in
lakes and other standing water bodies for drinking water
and other uses. Electric utilities, agriculture, recreation
interests, and conservationists are almost always key
stakeholders in the adaptive management of rivers and
reservoirs for hydropower. Again, the high level of
complexity means that stakeholder involvement needs to
be well planned, and perhaps facilitated.

Energy. Adaptive management projects are beginning
to deal with established renewable technologies such as
solar and wind power, with emerging renewable energy
technologies such as wave power a step behind. The
possibility of contention is likely to be high if the area
covered by a project is large and the devices (e.g., under-
water turbines, floating buoy-like devices, etc.) have the
potential to affect protected species or local livelihoods.
With more traditional energy projects involving fossil
fuels (e.g., oil and gas), there are usually large numbers
of active stakeholders, especially if species of interest or
public lands are affected.

Stakeholders in energy projects usually include
federal permitting and regulatory agencies such as the
Bureau of Land Management and the Fish and Wildlife
Service, along with state agencies, environmental groups,
industry, recreational users, ranchers, and local citizens.
There are often conflicting views about the importance of
different management objectives like endangered species
survival and economic return from extractive operations.
Two core issues are the siting of new energy facilities
and the operation of existing facilities. Because energy
production is a strategic goal of DOI, stakeholder interac-
tions must be facilitated in ways that lessen potential
conflicts over these issues.

Human/natural interface. As with the previous
themes, the diversity and complexity of stakeholder
groups can lead to multiple management objectives
in apparent conflict, and in turn to conflicts among
stakeholders. Single-agency projects with one or a few
objectives (e.g., management of a single species of high
concern) generally have fewer stakeholders and less
potential for conflict. As the geographic scope of a project
expands, so too does the universe of concerned parties.

In small areas managed by a single agency or landowner
(e.g., water management on a refuge wetland), project
activities may have no effect on interests outside the
project. Projects with a larger geographic and ecological
scope probably involve a larger number of parties with
their own perspectives and special interests; these projects
need structured approaches for getting stakeholders
involved.

Examples of stakeholder involvement

Laysan duck translocation and sea level rise

The Laysan duck is an endangered species with
breeding sites so restricted that any catastrophe, such
as sea-level rise due to climate change, could result
in extinction. To increase chances of species survival,
managers from the Fish and Wildlife Service and the
National Oceanic and Atmospheric Administration
are preparing to manage the translocation of ducks
adaptively in order to establish breeding populations on
other unoccupied islands within the Papahanaumokuakea

Marine National Monument, northwestern Hawaiian
islands. Stakeholders include the National Oceanic and
Atmospheric Administration, the Fish and Wildlife
Service, the U.S. Geological Survey, and Hawaiian

state agencies, all of which share a primary objective of
endangered species recovery. If translocation extends into
the main Hawaiian islands, public meetings and outreach
to further stakeholders may be needed.



Glen Canyon Dam

The Glen Canyon Dam on the Colorado River
was authorized by Congress in 1956 and constructed
in the late 1950s by the Bureau of Reclamation for the
primary purposes of water storage and hydroelectric
power production. Dam operations fundamentally altered
the river ecosystem, and concerns related to impacts
on downstream riparian ecosystems, recreation, and
endangered species, particularly native fish, were driving
forces for change in the operation of Glen Canyon Dam.
After completion of an environmental impact statement
required by the Grand Canyon Protection Act of 1992,
the Secretary of the Interior approved the initiation of the
Glen Canyon Dam Adaptive Management Program. The
program brought together a broad spectrum of stake-
holders with widely divergent views on river manage-
ment under the framework and structure of the Federal
Advisory Committee Act. The stakeholder group consists

of 25 members including federal and state agencies,
Native American tribes, the Colorado River basin states,
hydropower distributors and users, and recreational and
environmental interests. The program makes recommen-
dations to the Secretary of the Interior, and uses scientific
investigations, experimental actions, and adaptive
management principles to help inform recommendations
about dam operations and other actions. The continuing
focus of the program is to ensure that Colorado River
flow regimes from Glen Canyon Dam meet the goals

of supplying water for communities, agriculture, and
industry and providing clean hydropower in a manner
that protects the downstream resources as required by the
Grand Canyon Protection Act of 1992.

Blanca wetlands

The Blanca wetlands site is a complex of shallow
and deep ponds, marshes, and wetland systems managed
by the Bureau of Land management in Colorado’s San
Luis Valley. It is maintained through a series of artesian

wells, irrigation canals, and diversion ditches. Because of
the relatively small scale of adaptive management in the
Blanca wetlands, only limited stakeholder involvement is
currently necessary. The Bureau of Land Management has
partnered with the Colorado Division of Wildlife, the Fish
and Wildlife Service, and Ducks Unlimited to restore and
preserve habitats in the area. Bureau staff meet annually
with a wetlands focus group that includes representatives
of other agencies to identify priorities and issues associ-
ated with water availability and species needs in the larger
wetland complex in the valley.

Wyoming Landscape Conservation Initiative

The ongoing development of public lands in south-
west Wyoming for coal, oil, natural gas, and uranium
since the late 19th century affects wildlife species such
as the sage grouse, a candidate for federal listing as an
endangered species, and wildlife habitats. The Wyoming
Landscape Conservation Initiative was launched in 2007
to conserve and enhance wildlife habitat in areas of
oil, gas, and other resource development. Stakeholders
include federal agency collaborators such as the Bureau
of Land Management, the U.S. Geological Survey, and
the Forest Service, along with state agencies, counties,
and other government organizations. Non-governmental
organizations include environmental and recreation
groups, as well as industry and landowner representatives.
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Adaptive management of waterfowl harvests

Adaptive harvest management was developed to deal
with uncertainties in the regulation of sport waterfowl
hunting in North America. Early each year, the Fish
and Wildlife Service announces its intent to establish
waterfowl hunting regulations and provides the schedule
of public rule-making. The agency director appoints a
Migratory Bird Regulations Committee that presides over
the process and is responsible for regulatory recommen-
dations. The committee convenes public meetings during
summer to review biological information and to consider
proposals from regulations consultants, who represent the
flyway councils. The flyway councils and the state fish
and wildlife agencies they represent are essential partners
in the management of migratory bird hunting. After
deliberations by the committee and regulations consul-
tants, the Service presents hunting-season proposals at
public hearings and in the Federal Register for comment.
Through this formal process, interested stakeholders have
an opportunity each year to express their opinions and
recommendations about harvest regulations and potential
impacts on waterfowl populations.

Las Cienegas National Conservation Area

The Las Cienegas National Conservation Area
in northern Arizona was once the historic Empire
and Cienega ranches. The Sonoita Valley Planning
Partnership (SVPP) was formed in 1995 to help the
Bureau of Land Management develop a land-use
plan covering both commercial grazing interests and
ecosystem conservation. The participants include indi-
viduals from more than a dozen communities in southern
Arizona, conservation groups such as The Nature
Conservancy and Arizona Zoological Society, graziers,
recreational user groups, and multiple federal, state,
and other governmental organizations. SVPP and other
partners work with the Bureau of Land Management on
conservation area management and protection of buffer
lands around the area.

Everglades floodplain wetland management

The 57,800-hectare A.R.M. Loxahatchee National
Wildlife Refuge is a floodplain wetland at the northern
end of the remaining Florida Everglades. This refuge is
surrounded by 280,000 hectares of farmland on one side
and residential areas for 6.5 million people on the other.
The refuge serves a triple purpose of providing flood
protection, water, and wildlife habitat (numerous threat-
ened and endangered species, migratory birds, and other
trust resources rely on refuge habitat). Refuge managers
work with three major stakeholders at the federal, state,
and local level: the U.S. Army Corps of Engineers, the
South Florida Water Management District, and the Lake
Worth Drainage District. These partners collectively
manage water levels within the refuge to follow an
established water regulation schedule, which comprises a
set of operational rules for moving water into and out of
the wetland on the basis of water levels in the marsh and
the time of year. Refuge staff and managers use a variety
of communication fora to exchange information relevant
to water management actions.

Fire fuel treatments in the Sierra Nevada
Millions of hectares of forest in California are at risk

from wildfires, and controversial management of fire
fuels on Forest Service lands in the Sierra Nevada has
generated disagreements and lawsuits since 1990. To
help reconcile conflicts over fire fuels management, an
adaptive management project is being used to implement
the 2004 Sierra Nevada Forest Plan Amendment. The
7-year project evaluates how different forest vegetation
treatments can slow fire spread and reduce fire intensity,
within the constraints of maintaining water quality,
habitat for the Pacific fisher and California spotted owl,
and residential safety. Stakeholders include federal repre-
sentatives from Forest Service regional offices, national
forests, the Forest Service’s Pacific Southwest Research
Station, and the Fish and Wildlife Service; representa-
tives from several state agencies such as CalFire and the
California Department of Fish and Game; and a university
science team with members from several University of
California branches and the University of Minnesota.



5.2. Objectives

Successful implementation of adaptive management
depends on a clear statement of project objectives, defined
here as intended outcomes or performance measures to
guide decision making and recognize success. Objectives
represent benchmarks against which to compare the
potential effects of different management actions. They
also serve as measures to evaluate the effectiveness
of management strategies, and they contribute to the
reduction of uncertainty over time. Objectives influence
the operation of adaptive management so much, and in
S0 many ways, that it is unclear how adaptive decision
making can happen without them.

Obijectives in adaptive management often target
particular goals or end results — for example, achieving
a restoration goal. Some objectives are stated in terms
of optimization — for example, maximizing long-term
biological harvest or minimizing long-term costs of
ecological recovery. Others involve specific criteria — for
example, meeting a set of resource and management
conditions. In all cases, objectives should be consistent
with legal and regulatory requirements.

With large numbers of stakeholders there are usually
multiple objectives, some of which may be in conflict.
For example, objectives for a water release project might
include the use of water for agriculture, power generation,
recreation, and ecological sustainability, with the recogni-
tion that available water is insufficient to meet all these
demands. Constraints imposed by agency-specific legal
or regulatory requirements can lead to conflict among
stakeholders and their objectives. The different missions
of agencies can also create contention. Incorporating
multiple values and measures adds complexity to the task
of identifying objectives. Under these circumstances it is
important to consider tradeoffs among potential objectives.

As mentioned in Chapter 1, adaptive management
facilitates not only technical learning about ecological
processes, but also institutional learning about manage-
ment objectives and other adaptive management
components. Double-loop learning gives an opportunity
to reconsider project objectives over time, so they can be
adjusted as needed when the resource changes or when
stakeholder values and perspectives change. Double-loop
learning is discussed in more detail in Section 2.7 and
Chapter 6.

Climate change. For climate change projects,
objectives will fall into two broad categories: (i) mitiga-
tion of climate change by reducing or eliminating its
causes (primarily by reducing emissions of greenhouse
gases or sequestering carbon); and (ii) adaptation to the
consequences of climate change. Reducing impacts on
resources and buffering ecological processes and systems
will be typical objectives. Because of deep uncertain-
ties about the magnitude, timing, and even direction of
climate change and resource responses, a special effort
must be made to ensure that adaptive management
objectives are meaningful, achievable, agreed upon by
stakeholders, and relevant over time. Climate-induced
changes in environmental conditions will complicate the
process of setting management objectives by altering
resource processes and dynamics in unpredictable ways
(Williams and Jackson 2007, Knutson and Heglund
2011). The uncertainties surrounding climate change
underscore the importance of maintaining the capacity to
adjust project objectives and to learn quickly as climate
patterns are revealed over time.

Water resources. Most water resources can be used
in diverse ways for multiple objectives. It is important to
reach agreement on objectives, how to weight them, and
how to account for the possibility of revising them over
time as evidence about the resource system accumulates
and stakeholder values evolve. Reconciling conflicting
demands for limited water (such as dam releases to
accommodate peak electricity demand versus flow
regimes to maintain native fauna and flora downstream)
requires compromise on initial objectives that can be
refined and revised later through the process of double-
loop learning.

Energy. Obvious measures of importance in
setting objectives are the amount and timing of energy
production, though these measures sometimes serve as
constraints in the framework of a project rather than
objectives. Other important measures include impacts
on the landscape from the siting of facilities, disturbance
from infrastructure development (e.g., roads, power
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lines), ecological impacts from facilities operations, and
the consequences of energy production for social and
economic conditions in the area.

Human/natural interface. Here, objectives may
include goals to be attained within some time limit,
minimization of management costs, maximization of
resource benefits, and tradeoffs among multiple objectives
to achieve acceptable levels of performance for each. For
example, one might seek to minimize ecological damage
(e.g., from pests) as well as the cost of management, or
to maximize ecological attributes (e.g., a viable wildlife
population that can accommodate sport hunting) as well
as ecological processes (e.g., reproduction on the breeding
grounds).

Examples of management objectives

Glen Canyon Dam

The Glen Canyon Dam on the Colorado River was
constructed by the Bureau of Reclamation for the primary
purposes of water storage and hydroelectric power
production. Public concerns regarding adverse impacts
of dam operations on downstream resources, including
endangered native fish, led to changes in dam operations
and passage of the 1992 Grand Canyon Protection Act.
The Glen Canyon Dam Adaptive Management Program
was adopted to meet requirements in the Grand Canyon
Protection Act. The program’s objectives express
stakeholders’ views and priorities regarding the operation
of Glen Canyon Dam and other related activities. Glen
Canyon Dam is operated under applicable federal law,
including the Law of the Colorado River and the direction
provided by Congress in 1992 to operate the dam in a
manner that protects, mitigates adverse impacts on, and
improves the values for which Grand Canyon National
Park and Glen Canyon National Recreation Area were
established, including but not limited to natural and
cultural resources and visitor use.

Offshore wind farm on the Atlantic coast

Offshore wind facilities may occupy as much as 65
square kilometers or more of ocean, with turbines over
half a kilometer apart. Turbines typically are installed
on a hard substrate, and are connected by cables to a
service platform. Concerns relate to fisheries and boating
recreation in the vicinity, as well as possible impacts on
bats, birds, and marine life. In deciding where to site such
a wind facility, objectives to maximize energy production
and minimize costs are weighed against objectives to
minimize impacts on important trust species, maintain fish
and shellfish harvests, and minimize impacts on marine
transport and recreation in coastal areas.

Predator control at Cape Lookout

National Seashore

Human activity at Cape Lookout National Seashore
has led to an increasing raccoon population and an
increase in predation of shorebird nests. Reducing the
raccoon population can help to meet the objective of
increasing shorebird reproductive success, within the
constraint of the park’s larger mandate to preserve all
native species at viable levels. An adaptive approach to
managing predator abundance has been developed to (i)
minimize the number of raccoons removed, (ii) keep the
raccoon population above a minimum threshold, and (iii)
increase oystercatcher productivity above a set threshold.

Cape Cod National Seashore wind turbines

The Cape Cod National Seashore plans to install
several wind turbines to reduce greenhouse gas emis-
sions from park facilities, as part of its mission to serve
as a regional model of environmental sustainability.
Obijectives focus on maximizing wind power within
the constraints of protecting birds and bats. If negative
impacts on fauna are found to be unavoidable, alternate
renewable energy sources (e.g., solar) will be considered.

Adaptive harvest management

Adaptive harvest management was developed to deal
with uncertainties in the regulation of sport waterfowl
hunting in North America. The Migratory Bird Treaty Act
of 1918 (as amended) authorizes establishment of annual
hunting regulations for migratory birds. Managers try to
maximize the value of long-term cumulative harvest, with
an implicit goal of sustainability. Harvest value has been
defined as a function of harvest and other performance
metrics. For mid-continent mallards, managers want
to maximize long-term cumulative harvest; the annual
harvest is weighted proportionally less if population
size is expected to fall below the goal set by the North
American Waterfowl Management Plan. Defining harvest



value in this way decreases the likelihood of population
sizes below the plan’s goal. An additional constraint on
long-term harvest potential eliminates consideration of

closed seasons as long as predicted population size is at
least 5.5 million.

Columbia River chinook salmon

Numerous dams have been established on the
Columbia River for hydropower, irrigation, and flood
control, but they have adverse impacts on native fish
and have negatively affected spawning and recruitment
of fall-run chinook salmon. Public utility districts of the
middle Columbia River work with federal and state agen-
cies and Native American tribes to set priorities for power
generation and fish and wildlife protection. Dam reli-
censing by the Federal Energy Regulatory Commission
highlighted the need to protect chinook spawning areas
in the Hanford Reach of the Columbia. An adaptive
management working group representing the stakeholders
established a procedure for water releases to minimize the
risk that chinook breeding areas would dry out from water
fluctuations in the river, within the constraint of meeting
energy demands. To achieve this objective, maximum
and minimum daytime flow rates during the fall spawning
season were needed to limit spawning at high elevations
(which dry out as water levels drop), while at the same
time retaining enough water on the lower spawning areas
to allow successful spawning.

5.3. Management alternatives

Adaptive decision making requires the clear iden-
tification of a set of potential alternatives from which
to select an action at each decision point. Some actions
might affect the resource directly — for example, harvest,
stocking, or habitat alteration. On the other hand, actions
might have indirect effects — for example, regulations
to limit overuse. A set of potential actions might consist
of different levels of a single type of action, such as a

range of harvest rates. Alternatively, the set might include
actions of different kinds, such as predator control,
understory thinning, and recreational use.

Learning and decision making both depend on our
ability to recognize differences in the consequences of
different actions. Selecting potential actions that have
distinctly different consequences offers the possibility of
comparing and contrasting them in order to choose the
best one.

Climate change. Potential management actions for
climate change range widely, from regulation of resource
use, to physical alteration of ecosystems and ecological
processes, to translocation of species. Actions can be
expressed in terms of broad strategies implemented
over an extended time, or limited interventions aimed at
particular resource issues. Management strategies can be
designed to respond to changeable climatic conditions
as well as changeable resource states. For example, a
particular strategy for climate adaptation or mitigation
might be designed specifically for one particular climate
change scenario, but not for others. For any given project,
the challenge will be to identify a useful set of climate
scenarios, link them to relevant management options, and
decide on a particular option.

Water resources. Management alternatives for water
resources often involve controls on water inputs, outputs,
and allocation for competing uses. Other management
options include actions that focus on maintaining or
improving water quality, or retaining water in order to
control floods. Management strategies can involve direct
controls (e.g., releasing specific amounts of water for
wetlands or river management) or indirect controls (e.g.,
regulating runoff of agricultural chemicals into streams).

55



56

Energy. Management alternatives for energy projects
can be divided conveniently into (i) decisions about siting
of new facilities, (ii) decisions about the development of
supporting infrastructure (roads, power lines, pipelines),
and (iii) decisions about the operation of facilities (timing
and amount of energy production). A particular project
might include any combination of these management
elements.

Human/natural interface. For biological and
ecological systems, management alternatives may have
direct effects on the resource state, or on processes and
vital rates such as mortality, reproduction, or migration.
Management actions can also have indirect effects — for
example, regulatory actions can restrict resource use
through permits, quotas, license sales, etc. Management
options might also focus on organism growth, population
management, habitat alteration, control of human distur-
bance, and similar interventions.

Examples of management alternatives

Blanca wetlands

The Blanca Wildlife Habitat Area in southern
Colorado encompasses over 6,200 hectares of marshes,
ponds, and periodically flooded basins called playas,

which provide habitat for a wide variety of wildlife and
plant species. The management plan for the area empha-
sizes its use by waterfowl, shorebirds, and amphibians.
The Bureau of Land Management manages habitat with
artesian water, canals, and diversion ditches, and annually
adjusts seasonal habitat availability for particular species
groups. Periodic flooding of playas produces high densi-
ties of insects and vegetation critical to wetland birds.
Periodic drying of large wetland basins is also important
in order to mimic the natural hydrology that supports
ecological processes such as plant succession. Each
year, managers release water from artesian wells into
freshwater marshes and ponds. The amount and timing
of water released are chosen each season from a range
of possible alternatives related to annual water quality
objectives, as well as provision of sufficient irrigated
wetland areas to compensate for whatever basins are
undergoing periodic drying. These habitat manipulations
affect waterfowl, shorebird, and amphibian populations,
which are the ultimate management targets.

Solar project siting and permitting

In California, proposed industry-grade solar energy
projects range in size from 200 to 3,200 hectares, and
may have a major impact on natural resources. The land
and resources within a project boundary are affected by
the placement of solar collectors, development of service
roads, and mowing of vegetation. Wells may be dug at
a site to obtain the water needed to wash the collectors
regularly. In addition, rainwater retention basins may be

developed, which can interfere with desert sand transport
cycles. Because flat terrain is necessary, projects are often
built on valley floors and thus can affect nearby alluvial
fans. An adaptive management application for a permit
system for solar energy development might use system-
atic implementation and evaluation to learn about the

best ways to site new projects. For example, a solar farm
could be divided into two segments, or sited in an existing



brown-field area, or designed as a long thin strip perpen-
dicular to the direction of sand transport. Monitoring the
impacts of a particular design at one site could provide
information about potential impacts at subsequent sites.

Native prairie restoration in national

wildlife refuges

Native prairies in national wildlife refuges on the
northern Great Plains are being invaded to varying
degrees by plants such as smooth brome and Kentucky
bluegrass, the result of decades-long suppression of
natural disturbance. By reintroducing disturbance, refuge
managers hope to control invasive plants and restore a
high proportion of native species. Disturbance treatments
directly modify the system state (grazing or haying to
remove cover of invasive species) or affect biological
process rates (e.g., burning to suppress growth rate of
invasive species). Managers choose annually one of
five main management alternatives — burn, graze, hay,
burn/graze, or rest. For each alternative, there are broad
sideboards on timing and intensity.

Endangered mussel translocation

Northern riffleshell mussels, along with many other
freshwater mollusks, have disappeared from their former
range to such a degree that they are now federally listed
as endangered. Translocation is an important means of
promoting the recovery of these species. When bridge
construction on the Allegheny River resulted in a formal
Endangered Species Act consultation with the Fish
and Wildlife Service, a mussel relocation program was
mandated. The Allegheny riffleshells were translocated
to the Big Darby Creek, Ohio, in an effort to augment

a small population within the species’ historic range.
Management alternatives involved interconnected deci-
sions about the number of mollusks to be moved, the
genetic and demographic composition of the translocated
population, optimal release sites with preferred micro-
habitats and host fish, methods for minimizing disease
transfer, and the season for transfer. Individuals are fitted
with miniature transponders to allow the monitoring

of translocation success. Information gained from this
translocation will be directly applicable to future mussel
restoration efforts.

Everglades floodplain wetland management

The interior marsh of the A.R.M. Loxahatchee
National Wildlife Refuge is surrounded by a perimeter
canal that transports water in and out of the floodplain
wetland. The canal carries urban and agricultural storm-
water runoff. Although the stormwater has been partially

treated to remove excess nutrients, the level of phos-
phorus is still high. Refuge staff are working with partners
to minimize the intrusion of nutrient-rich water into the
marsh. Management alternatives consist of different
combinations of canal-water inflows and wetland outflows
in relation to various water depths. Permanent transects
are set up to monitor movement of nutrient-enriched
water from the canal into the heart of the wetland.
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Five Rivers forest landscape management

The Oregon coastal range forests are some of the
most productive in the temperate zone. Forest Service
lands in this area were set aside mainly for late-
successional and riparian habitat in the Northwest Forest
Plan. Questions emerged about how to grow and improve
habitat, especially on the existing forest plantations that
make up about half the forest area. Collaborations among
state and federal agencies and public groups resulted in
the development of three management strategies that
were included in an environmental impact statement, each
thought to be scientifically valid given the uncertainties
about achieving objectives. One strategy emphasizes
closing roads permanently and allowing natural distur-
bances to thin stands, while allowing late-successional
and riparian habitat to “recover naturally.” A second
strategy keeps roads open and allows repeated entries to
thin plantations and add wood to streams. A third strategy
focuses on closing roads after more aggressively thinning
stands and aiding riparian habitat, and then reopening
roads 30 years later to repeat the cycle. The strategies
were implemented on 12 landscape areas of 485 hectares
each (three strategies and four replicates) of national
forest lands.

Coastal wetland impoundments and potential sea

level rise

Many coastal wildlife refuges maintain wetland
impoundments to enhance habitat and attract large
numbers of shorebirds, waterfowl, and other wildlife.
Rising sea level is a threat to these impoundments and
their complex dike systems. Adaptive management of
impoundments that are threatened by sea level rise might
entail management alternatives such as: (i) manipulation
of hydrology (e.g., by infrastructure improvements)
and vegetation to meet current conservation targets; (ii)
identification of new conservation targets and a new suite
of management practices for them; or (iii) removal of the
infrastructure and restoration of the impoundment to a
naturally functioning wetland community. The manage-

ment actions might consist of direct habitat alteration with
different levels of a single type of intervention (such as
alterations to dikes), or different types of interventions
(such as planting vegetation versus removing infrastruc-
ture). The actions would be expected to result in different
numbers of waterbirds and wildlife, the resources
ultimately targeted by management.

Biscuit Fire landscape management after

the wildfire

The Biscuit fire burned about 200,000 hectares in
southwestern Oregon. Much controversy surrounded how
to respond to the burning of vast areas of late-succes-
sional forest. Management strategies were openly debated
in major news outlets and included dueling scientists,
but official stakeholder input took place according to
the National Environmental Policy Act process. An
interdisciplinary team proposed a management study that
compares three strategies: (i) focus on natural succes-
sion without salvage logging; (ii) salvage dead stands
according to forest plan guidelines, then replant Douglas
fir and control competing vegetation to grow large trees
quickly; and (iii) reintroduce prescribed fire and plant
more fire-resistant pines after salvaging stands as in the
second strategy. These strategies were implemented
across 14,568 hectares in 12 landscape areas of 1,214
hectares each (three strategies and four replicates) with
some variations because of changes in economics caused
by litigative delays. About 3,600 hectares of the study are
on Bureau of Land Management lands; the remainder are
on national forest lands.




Adaptive harvest management

Adaptive harvest management was developed to deal
with uncertainties in the regulation of sport waterfowl
hunting in North America. Each year the Fish and
Wildlife Service establishes “framework” regulations
for waterfowl hunting that are flyway-specific. The
frameworks specify the earliest and latest dates for
hunting seasons, the maximum number of days in the
season, and daily bag and possession limits. States select

hunting seasons within the bounds of these frameworks,
usually following their own processes for proposals

and public comment. With the advent of an adaptive
approach to harvest management in 1995, the number of
potential frameworks was limited to three, which were
characterized as restrictive, moderate, and liberal regula-
tions. These three regulatory frameworks, along with the
possibility of a closed season, constitute the management
alternatives available during each year’s process for
setting waterfowl hunting seasons.

Yosemite toads and livestock grazing

The Yosemite toad, an altitudinal endemic amphibian
of forests in the Sierra Nevada range, is a candidate
species for listing under the Endangered Species Act.
Because the toads are associated with shallow water in
high montane and subalpine meadows, livestock use
of wet meadows may significantly affect toad popula-
tions. The U.S. Forest Service is using experimental
management to examine the relationship between grazing
intensity and toad occupancy in livestock grazing allot-
ments and ungrazed meadows in national forests. The
four alternative management treatments are: (i) grazing in
accordance with current stream-bank disturbance stan-
dards across an entire meadows; (ii) exclusion of livestock
from wet areas within a meadow; (iii) no grazing in a
meadow; and (iv) no grazing in a historically ungrazed

meadow. Results will provide recommendations for future
livestock grazing management to enhance survival and
recruitment of the toad.

Agriculture experimentation

Agriculture provides many examples of experimental
management. A typical problem involves uncertainty
about which of several agricultural practices (different
grains, fertilizers, crop rotation patterns, etc.) can
produce higher and more consistent yields in an area. A
management design might involve application of different
agriculture practices in different fields, with some or all
the features of an experiment (i.e., randomization, replica-
tion, and controls). Field applications often use random-
ized or randomized block designs. The process becomes
adaptive when the elements of the adaptive management
framework are used: objectives are clearly stated,
potential outcomes are specified, monitoring protocols are
decided, the method of learning is explicit, and the results
of the experiment are used to update understanding and
guide future agricultural practices.

Fire fuel treatments in the Sierra Nevada

Millions of hectares of forest in California are at
risk from wildfires, and management of fire fuels on
Forest Service lands in the Sierra Nevada has resulted in
decades of controversy. To help reconcile conflicts, an
adaptive management project is being used to implement
the 2004 Sierra Nevada Forest Plan Amendment. The
7-year project evaluates how different forest vegetation
treatments can slow fire spread and reduce fire intensity,
within the constraints of maintaining water quality, wild-
life habitat, and residential safety. The project involves
reduction of fire fuels in a series of patches by use of
strategically placed area treatments at the landscape level.
Across approximately 17,200 hectares, 1,860 hectares are
being considered for treatment alternatives that include
(1) thinning and biomass removal by tractor, (ii) mastica-
tion, or (iii) prescribed burning. Decisions involve size,
location, and intensity of treatments. Within treatments,
different silvicultural prescriptions identify the species,
size, and spatial arrangement of trees to be removed in
order to achieve specified crown spacing, tree density, or
canopy cover.

Great Barrier Reef marine reserve management

The Great Barrier Reef is a 2,000-kilometer-long
complex of coral reefs and other ecosystems such as
coastal seagrass beds and diverse sea-floor habitats
covering 350,000 square kilometers off the northeast
coast of Australia. A national marine park, it contains
the world’s largest network of marine reserves, which
are designed systematically at a regional scale. Adaptive
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management is being used to restore ecosystem structure
(e.g., widespread recovery of depleted fish stocks) and

to prevent ongoing degradation (e.g., reduced coral
mortality). The Great Barrier Reef Zoning Plan 2004
focuses on apex predators (reef sharks), commercially
fished species (coral trout, redthroat emperor), and
species of conservation concern (marine turtles, dugongs).
Management incorporates a range of alternatives
including spatial management with different levels of
zoning (general use areas for trawling and gill-netting;
no-trawling areas; limited-fishing areas; no-take areas;
and no-entry areas); and within fished zones, nonspatial
strategies including fishing gear restrictions (e.g., bycatch
reduction and turtle excluder devices) and explicit
management of fisheries (e.g., licenses, fish size restric-
tions, commercial quotas, temporal closures

during spawning).

5.4. Predictive models

Models play a critical role in adaptive management,
as expressions of our understanding of the resource,
engines of ecological inference, and indicators of the
benefits, costs, and consequences of alternative manage-
ment strategies. Importantly, they can represent uncer-
tainty (or disagreement) about the resource system. In the
context of management, models project the consequences
of different management interventions over time and help
to examine how each management intervention might
achieve objectives.

There are few restrictions on the number and kind of
models used for adaptive management. However, certain
features are required. The models must characterize
resource changes over time, as the resource responds to
fluctuating environmental conditions and management
actions. They should embed hypotheses that are relevant
to the management problem. To the extent needed, they
should incorporate the forms of uncertainty described
earlier. Finally, they must differ in the responses they
predict as a result of management, for only then will it
be useful for management to clarify which model best
describes resource structure and function.

In the context of management, models froject the
consequences of different management interventions over
fime and ﬁe/p to examine how each man@emenfinferwm
tion mfgﬁf achieve o@’eoﬁuey,

In general, as the scale and complexity of the ecolog-
ical system and the management problem increase, larger
and more complex models are needed to characterize the
problem. Complexity and large dimension can be serious
challenges to using models effectively. Nonetheless,
many of the projects in this guide involve complex
features and linkages, as well as many uncertainties in the
associations between management and outcomes. These
features require thoughtfulness and collaboration in the
selection and formulation of models.

Climate change. Climate change can be usefully
characterized in terms of external environmental drivers
such as temperature and precipitation regimes, wind
patterns, cloud cover, etc. These factors are the most
immediate expressions of a changing climate, and they
can be incorporated as external drivers in resource
models. In some cases potential climate variations can be
treated as simple hypotheses about the pattern of change
and responses of the resource. In other cases climate
variations can be expressed as climate scenarios and
uncertainties, or incorporated along with management
actions into expressions of ecological processes.

The treatment of climate change must involve, either
implicitly or explicitly, the characterization of instability
(technically, non-stationarity) described in Chapter
4. Structural changes in natural resource systems are
inherited from climate change, along with uncertainties
about the size and even the direction of change. One way
to incorporate the effect of climate change in modeling is



to express different trajectories of the climate drivers (see
Figure 4.1) as different climate scenarios.

Because of the scale at which climate change is
thought to operate, its impact acts most directly on
landscapes, by means of changes in landscape structure
and function. Landscape changes in turn provide context
for climate-driven changes in ecological relationships.
Models can incorporate landform and land-use changes as
well as ecological attributes. Structural uncertainty can be
expressed as different forms of these patterns of change.

Water resources. A natural modeling framework for
water resources is a balance equation that accounts for
(i) flows into a water body from runoff, subsurface water
movement, and drainage from streams and rivers; (ii)
movement of water out of the water body, due to surface
and subsurface drainage and evaporation; (iii) attributes
of the standing volume of water at any point in time;
and (iv) ecosystem functions related to water conditions
and management. Models of moving water focus on
hydrodynamics, characterized by water velocity and other
dynamic factors. Hydrodynamic effects on stream and
river beds, banks, and riparian zones, and the ecological
changes that occur in response, can also be included.
Models of standing water bodies incorporate attributes
like changes in water volume, nutrient cycling, heat flow
and temperature patterns in the water column, water
turbidity and quality, and the organisms in the water
body. Structural uncertainties are often related to the
ecological functions that drive these features.

Energy. Models of energy development and use focus
on (i) the selection of sites for infrastructure development
and (i) the operation of existing energy facilities. The
framework for site selection differs somewhat from that
for operations. A site, once selected, is developed and
remains in place for the indefinite future. Modeling of
site selection involves decisions about where to locate
future sites on the basis of what is learned from follow-up
monitoring of existing sites. Important components of
this kind of model include habitat structure and function
at potential sites, patterns of habitat fragmentation, and
impacts on plants and animals. Structural uncertainties
can be represented by different forms of these patterns
and processes.

Facility operations at a specific site are seen as an
ongoing process that incorporates what has been learned
from past operations into ongoing management decision
making. Issues of concern for these models include
habitat alteration, timing and frequency of disturbances,
and impacts of operations on flora and fauna in the area.

Again, different forms of these patterns and processes can
be used to express structural uncertainties.

Human/natural interface. The very large class
of natural resource issues related to this theme covers
activities like habitat alterations and stocking or removal
of plants and animals across a wide range of geographic
and ecological scales. Models can be quite varied, with
many different methodological approaches and details
of structure and mechanism. Many models focus on the
management of individual species or local habitats, while
others address much broader issues such as biodiversity
or ecosystem integrity. The underlying framework of a
balance equation (for energy, mass, or number of organ-
isms) is common. Structural uncertainties are represented
by hypothesized forms of the processes that drive
resource changes over time.

Like climate change, large-scale human interven-
tions can induce unstable (i.e., non-stationary) resource
dynamics. In both cases instability of resource behaviors
presents new complications and challenges in modeling
natural resource dynamics and formulating forward-
looking strategies.
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Examples of models

New England shrub habitats on refuges

Shrub communities on national wildlife refuges in
the northeast are important habitats for migrating land
birds and the New England cottontail rabbit, a candidate
for listing under the Endangered Species Act. Fish and
Wildlife Service managers use adaptive management
to control the invasive plants that degrade native shrub
communities and reduce native stem densities and berries
required by rabbits and birds. A key uncertainty is how
much effort is needed to restore native shrub communities
successfully. Two alternative models are aligned with
treatment options that include different combinations
of mechanical and chemical controls to reduce invasive
plants. The models incorporate different mechanisms of
change for key shrub attributes that can influence bird
and rabbit populations (e.g., berry density, stem density,
community composition), along with predictions about
how these attributes will change in response to
restoration treatments.

Laysan duck translocation

The Laysan duck is an endangered species so
restricted that any catastrophe, such as sea level rise due
to climate change, could result in extinction. To increase
the chance of its survival, U.S. Geological Survey
scientists and Fish and Wildlife Service managers are
developing a framework for adaptively managing translo-
cation of ducks in order to establish populations on other
islands in the northwestern Hawaiian islands. To consider
the potential consequences of different translocation
actions, a modeling team is building occupancy models

to predict long-term persistence of duck populations.
The models are linked to a framework for optimizing
management actions on the basis of the resources avail-
able for conducting translocation. The models describe
important relationships and uncertainties in the system,
which include catastrophic events (e.g., tsunamis), disease
outbreaks, accidental predator introductions, and habitat
limitation or carrying capacity (and its relationship to
sea-level rise) as the primary drivers of duck population
dynamics. Island areas are classified on the basis of
whether or not they are currently occupied and if unoc-
cupied, whether they are suitable to receive translocated
ducks. A unique version of the occupancy model is
applied to each island in order to predict probabilities of
transition between occupancy states given the conditions
on that island (e.g., the altitude of habitat areas on the
island). Island models will be linked through removals or
additions of translocated ducks, and through large-scale
events (e.g., a catastrophic storm hitting one island will
be more likely to hit nearby islands). The optimiza-

tion framework allows managers to investigate which
combination of translocation actions results in maximum
persistence and occupancy across sites.

Lower Flint River basin fishes and drought

To conserve water during critical drought periods,
the state of Georgia has established the Flint River
Drought Protection Act. The decision about where best
to conserve water is complicated by uncertainty about
ecosystem responses to changes in stream flows. For an
adaptive approach to managing flows in the lower Flint
River basin, models were built to evaluate the effects of
different water use patterns. Four models incorporated
four different hypotheses about the influence of stream
flow on the colonization and persistence of fishes. The
models represent different biological mechanisms, and
they are used to estimate changes in species-specific
fish distribution patterns under four simulated water-use
scenarios. Learning is facilitated by the comparison of
different predictions by the models and the actual fish
distribution patterns derived from monitoring data.

Florida scrub-jay habitat

Endemic species like the endangered Florida scrub-
jay that depend on a mosaic of scrub habitat have declined
significantly as the coastal scrub ecosystem has been
changed by fragmentation and fire suppression. Federal
and state biologists have begun an adaptive management
program to use fire and mechanical means to restore
vegetation structure in order to improve the habitat for
scrub jays. To represent the potential effects of various
management alternatives, habitat models use Markovian
transition models to predict rates of vegetation transition



between successional stages, while linked occupancy
models predict the response of scrub-jays to the vegeta-
tion dynamics. These integrated models are optimized to
identify the best sequence of management actions to meet
objectives related to increasing the viability of the scrub-
jay population.

Etowah River endangered stream fishes

Urban development north of metropolitan Atlanta
threatens endangered stream fishes in the Etowah
River. The major aquatic stressor is storm water runoff,
with additional impacts from sedimentation, road and
utility line crossings, riparian buffer loss, and reservoir
impoundments. The Etowah Habitat Conservation Plan,
presented to the Fish and Wildlife Service for approval,
mandates adaptive management to help local govern-
ments deal with urban development while protecting
aquatic resources. Occupancy models were constructed
to link population indices of three federally listed darters
to an indicator of storm water runoff that represents
the amount of paved area. Modeling included spatially
explicit expressions of probabilities of species occur-
rence and abundance for different urban development
scenarios under the habitat conservation plan. The models
are used to predict where the darters are expected to
maintain strong populations and where they are expected
to decline, for each scenario of future urban growth.
Monitoring will provide new observations of species
response to development and thus allow the model
predictions to be compared with actual data on changes in
species occurrence.

Adaptive harvest management

Adaptive harvest management was developed to deal
with uncertainties in the regulation of sport waterfowl
hunting in North America. Since its inception in 1995,
the Adaptive Harvest Management Program has focused
principally on the population dynamics and harvest
potential of mallards breeding in mid-continental North
America. Four alternative population models capture
uncertainties regarding the effects of harvest and envi-
ronmental conditions on mallard abundance. The models
result from combining two mortality and two reproductive
hypotheses. The mortality hypotheses express alternative
views about the effects of harvest on annual survivorship,
and the reproductive hypotheses represent alternative
views of density-dependent population regulation. Under
all four models, reproductive rate is modeled as a function
of the number of ponds with water on Canadian prairies in
May. Annual changes in pond numbers are represented as
a first-order autoregressive process. Different predictions
from each of the four models represent uncertainty about
population dynamics.

Native prairie restoration in national

wildlife refuges

By reintroducing disturbance in native prairies,
refuge managers hope to control invasive plants and
restore a high proportion of native species in national
wildlife refuges invaded by smooth brome and Kentucky
bluegrass. Annually collected data on prairie composition
allow managers to classify sampling areas into one of
16 categories. Four competing models express different
hypotheses about how the individual components of a
grassland respond differentially to treatment (e.g., models
generally assume that rest is to some degree detrimental;
however, one model assumes that the detrimental effect
is the same without regard to degree of disturbance in the
recent past, whereas another assumes that the effect is less
if the prairie has experienced recent disturbance).
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5.5. Monitoring protocols

The importance of monitoring in adaptive manage-
ment applications is universally recognized, so much so
that some people seem to think that monitoring resource
conditions is sufficient in and of itself to make a project
“adaptive.” Monitoring certainly does play a critical role
by providing the information needed for both learning and
evaluation of management effectiveness. But we emphasize
again that, by definition, adaptive management involves
not just monitoring, but the implementation and integration
of multiple components in assessment and adaptation.

The value of monitoring in adaptive management springs
from its contribution to decision making, and monitoring
protocols should be developed with that in mind.

To make monitoring useful, choices of what
ecological attributes to monitor, and how to monitor
them (frequency, extent, intensity, etc.), must be linked
closely to the management situation that motivates the
monitoring in the first place. There are always limits on
the staff and funding for monitoring, and it is important to
choose design protocols that will provide the most useful
information within those limits. Protocol design should
be based on the purposes of monitoring and the way in
which monitoring data will be analyzed.

Climate change. Monitoring should cover the climate
variables that are thought to drive system behaviors,
as well as the resource attributes and processes that
are affected. Monitoring protocols should specify the
attributes to be monitored and methodologies to be used.
Because long time periods are often involved, a structured
monitoring process might include, for example, frequent
monitoring of some biological attributes such as mortality
and reproduction rates, less frequent monitoring of land-
scape attributes such as ecosystem types and locations,
and monitoring at decadal or longer intervals for features
such as directionality and variation of climate drivers.

Water resources. Monitoring protocols for water
resources vary depending on the type of aquatic system
and the management objectives. Water flows into and out
of a standing water body and water movement in a river
or stream can be measured continuously or intermittently.
Water quality, temperature, clarity, and concentrations
of particulate matter can be measured seasonally or
year-round. There are many ways to measure biological
components such as aquatic vegetation, fish, and other
organisms. Surveys can also be used to track human uses
and impacts (recreation, subsistence fishing and
hunting, aquaculture).

Energy. For energy development and production,
monitoring usually involves the timing, extraction, or
amount of energy produced by energy facilities. Often, a
utility or corporate sponsor commits to do the monitoring.
In many if not most cases, the impacts of energy infra-
structure and operations on fish, wildlife, and habitats also
need to be monitored.

Human/natural interface. Monitoring protocols for
projects in this thematic area target ecological variables
and processes that are affected by human disturbance
and management actions. Efficiency and accuracy of
monitoring-based estimates (of system states, vital rates, or
resource aggregates such as biodiversity) are
important concerns.

Examples of monitoring protocols

Coastal wetland impoundments and sea level

Many national wildlife refuges maintain coastal
wetland impoundments that enhance habitat and attract
large numbers of waterbirds and other wildlife, but
rising sea levels may eventually lead to removal of some
impoundments. To track this threat, monitoring of shore-
bird and waterfowl numbers, habitat extent and condition
(vegetation, water levels), and infrastructure management
costs could be conducted annually, with periodic moni-
toring of sea level. The data from monitoring would be
used to determine resource status each year and evaluate
progress toward achieving objectives, which might
include target numbers of waterfowl to be maintained, as
well as specific budgetary limits.




Wyoming Landscape Conservation Initiative

Oil and gas extraction projects on federally managed
lands in Wyoming impinge on habitat of imperiled
species such as the greater sage grouse, a candidate
for listing under the Endangered Species Act. In the
Wyoming Landscape Conservation Initiative, manage-
ment focuses on conserving and enhancing wildlife
habitat in areas surrounding oil and gas extraction opera-
tions. In the 1990s various vegetation treatments (burns,
herbicides) were used to create a mosaic of sagebrush
stands in an attempt to provide preferred habitat for sage
grouse. Actual use of the treated habitat by sage grouse
is monitored by counting foraging pellets and droppings
within belt transects on treatment and control sites.

Prairie pothole restoration

The Minnesota Private Lands Program, part of the
National Wildlife Refuge System, supports restoration of
small privately owned prairie pothole wetlands that were
converted to agriculture by draining and filling during the
period from the 1950s to the 1980s. Adaptive manage-
ment of hydrological restoration, sometimes combined
with sediment removal, is used to maximize wetland
quality for breeding waterfowl. Resource attributes that
are monitored include percentage of the pothole filled
with water, horizontal interdispersion of vegetation, plant
diversity, and invasive species. Monitoring is conducted
for 30 minutes per pothole annually for 4 years, and in
years 6 and 8 after restoration.

Solar project siting and permitting

In California, proposed industry-grade solar energy
projects range in size from 200 to 3,200 hectares. Almost
all the land and resources within a project boundary are
affected by the placement of solar collectors, service

roads, and rainwater retention basins, which can interfere
with desert sand transport cycles. In a project sited

to reduce blockage of sand moving across the valley,
monitoring could be conducted to evaluate whether

the infrastructure configuration meets the objectives of
maximizing energy production while minimizing impacts
on plants dependent on blowing sand. Attributes moni-
tored could include energy production, establishment of
blowing-sand-dependent plants downwind, and sand
dune stability.

Native prairie restoration in national

wildlife refuges

Native prairies in national wildlife refuges of the
northern Great Plains are being invaded to varying
degrees by plants such as smooth brome and Kentucky
bluegrass. By reintroducing disturbance, refuge managers
hope to control invasive plants and restore a high propor-
tion of native species. To measure plant community
composition, annual belt-transect monitoring on a sample
of 25-m transects from each of approximately 120 native
prairies provides measures of vegetation composition
in four classes: percentage of native grasses and forbs,
percentage of smooth brome, percentage of Kentucky
bluegrass, and percentage of other plants. These four
values are used to assign a particular prairie to one of 16
possible states (for example, one such state is defined
as 45- to 60-percent native grasses and forbs with the
remainder dominated by smooth brome).




River temperature and salmonid survival

Large storage reservoirs behind hydroelectric dams
can cause warmer water temperatures, resulting in
stress and mortality for salmonid fish and reducing the

dissolved oxygen necessary for fish and other aquatic life.

Adaptive management to maintain water temperatures
and dissolved oxygen at biologically appropriate levels
would include monitoring of vertical temperature gradi-
ents in the reservoir, water temperatures downstream,
and salmonid survival rates. The monitoring data would
be used to evaluate effectiveness of management actions
(e.g., cold water releases during summer months, reduc-
tion of warm water inputs, and water temperature control
curtains) and progress toward objectives (e.g., sustaining
downstream temperatures below 20°C and increasing
salmonid survival).

Adaptive harvest management

Adaptive harvest management was developed to deal
with uncertainties in the regulation of sport waterfowl
hunting in North America. A major component of the
process for setting waterfow! hunting regulations consists
of data collected each year on population status, habitat
conditions, production, harvest levels, and other attributes
of management interest. Waterfowl monitoring in North

America is made possible only by the cooperative efforts
of the U.S. Fish and Wildlife Service, the Canadian
Wildlife Service, state and provincial wildlife agencies,
and various research institutions. Among the most impor-
tant are waterfowl and wetland habitat surveys conducted
in the principal breeding range of North American ducks.
Waterfowl are also monitored through a large-scale
banding program in which individually numbered leg
bands are placed on birds, usually just prior to the hunting
season. Finally, the Fish and Wildlife Service conducts
hunter surveys to determine hunting activity and the size
of the waterfowl harvest.




Fire fuel treatments in the Sierra Nevada

Millions of hectares of forest in California are at
risk from wildfires. Management of fire fuels on Forest
Service lands in the Sierra Nevada has generated contro-
versy for decades. To help reconcile conflicts, an adaptive
management project is now being used to implement the
2004 Sierra Nevada Forest Plan Amendment. The project
evaluates how different forest vegetation treatments can
reduce fire spread and intensity within the constraints of
maintaining water quality, residential safety, and wildlife
habitat for the Pacific fisher and California spotted owl.
The project involves reduction of fire fuels in a series
of patches with a method of strategically placed treat-
ments at the landscape level. Fire risk reduction, wildlife
impacts, and water quality are monitored at two study
areas in 1/20 hectare permanent plots set in a 500-meter
grid pattern. Data are collected on forest structure and
composition as well as shrubs and fuels. Water quality
will be monitored in two sub-watershed areas.







Cﬁa/ol‘c/”é Componcm‘s of the lterative Fhase of
A apz‘/i/e Managcmcm‘

Adaptive management as we describe it in this guide
calls for the elements in Chapter 5 to be folded into an
iterative process of decision making and learning (Figure
2.2). It also is useful to interrupt the technical learning
cycle periodically in order to reconsider the set-up
elements and incorporate any changes that may be needed
if perspectives and values change over the course of the
project.

In this chapter we revisit the processes of the
iterative phase of adaptive management — namely, deci-
sion making, post-decision monitoring, assessment of
monitoring data, learning and feedback, and institutional
learning. Again, we use examples from the four thematic
areas of climate change, water resources, energy develop-
ment, and human impacts on the landscape to illustrate
the iterative phase. Summaries of the examples are found
the appendix.

6.1. Decision making

We described earlier how adaptive management
focuses on management in the face of uncertainty, with
the potential to improve management as our under-
standing of its consequences grows over time. Here we
consider the actual process of adaptive decision making,
with decisions at each point in time that reflect the current
level of understanding and anticipate the future conse-
quences of decisions.

The actual process of adaptive decision making varies
depending on the particular project. An institutional
framework consists of one or more decision makers along
with other stakeholders who provide advice and guid-
ance. Decision making at each decision point considers
management objectives, resource status, and knowledge
about consequences of potential actions. Decisions are
then implemented by means of management actions on
the ground.

In some cases the decision process includes only
a small number of managers who, for example, adjust
water flows or follow mowing schedules on a wildlife
refuge. Other decision processes call for a more formal
structure of public input, information sharing, and review
of proposed actions. For example, a highly structured
process is mandated by the National Environmental

Policy Act, which calls for engagement of stakeholders
and the public, communication of management alterna-
tives, publication of relevant documents, and a final
record of decision or other decision documents.

Climate change. Because of the far-reaching impacts
of climate change and the broad spectrum of potential
stakeholders, decision making for climate change prob-
lems will probably involve a rather structured process of
stakeholder input that includes federal, state, and perhaps
municipal interests. Mitigation actions might focus on
regulatory actions, permitting, tax incentives, or policies
to reduce greenhouse gas emissions. Adaptation actions
might include direct interventions (e.g., species transloca-
tion, creation of corridors) as well as regulatory and other
policy responses.
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Water resources. Water management almost always
involves joint consultation and input from stakeholders,
often a board of stakeholders with divergent perspec-
tives and values who make recommendations to a water
authority. The authority is frequently a government
agency such as the Bureau of Reclamation or the Army
Corps of Engineers, which presides over the water board.
Management actions are often required at regular intervals
as determined by seasonal precipitation, snowmelt, and
other patterns. Uncertainty about management impacts is
addressed by means of experimental interventions (e.g.,
water releases) that are implemented over time, with
follow-up monitoring between interventions to provide
new information for future decisions.

Energy. Energy development typically involves
federal and state authorization and oversight of permits.
Permittees are almost always private energy interests who
take on the responsibility for infrastructure development
and facility operations. Decision making includes review
and approval of proposals for the siting, development,
and operation of energy facilities. Decisions about siting
new facilities can use information collected at existing
facilities, whereas decisions about facility operations can
use single-site information collected over time, as well as
information collected at other sites.

Human/natural interface. Approaches to decision
making in this thematic area vary widely. With some
notable exceptions, the elaborateness of the decision-
making process is linked to the ecological or geographic
scale of the problem. For example, annual decision
making on a small nature preserve might involve a few
resource managers who informally interpret information
collected yearly on the preserve and discuss its relation-
ship to the management alternatives. On the other hand,
decision making at a regional level would need a more
structured and formal process involving federal, state,
and non-government interests in joint fact finding and
collaborative decision making.

Examples of decision making

Laysan duck translocation and sea level rise

The Laysan duck is an endangered species with only
two populations on remote low-lying Pacific atolls. The
species’ entire range covers less than 9 square kilometers.
To increase chances of species survival, Fish and Wildlife
Service managers and U.S. Geological Survey scientists
are preparing a framework to manage the translocation
of ducks adaptively in order to establish other breeding
populations in the northwestern Hawaiian islands.

Managers will collaborate on operational decisions such
as where and when to translocate ducks, contingent upon
duck population and habitat status. Quantitative deci-
sion analysis with stochastic optimization or simulation
methods will support decision-making and management.

Glen Canyon hydroelectric dam

The Glen Canyon Dam on the Colorado River was
established primarily for water storage and hydroelectric
power production, but operations of the dam led to
adverse impacts on downstream resources, including
endangered native fish downstream in the Grand Canyon.
Beginning in 1996, adaptive management principles have
been used to help inform changes in dam operations and
other activities undertaken to improve resource conditions
in downstream areas including Grand Canyon National
Park. The adaptive management process works within
a legal process on the Colorado River, with changes in
dam operations that are designed to improve conditions




for endangered species and the downstream ecosystem.
Other activities include experimental translocation of
endangered fish to other tributaries in order to assess the

feasibility of establishing additional breeding populations.

The Adaptive Management Work Group, a federal advi-
sory committee, makes recommendations to the Secretary
of the Interior on the operations of Glen Canyon Dam.

Cape Cod National Seashore wind turbines

The Cape Cod National Seashore is planning to
power some park facilities sustainably with wind turbines
to reduce greenhouse gas emissions, within the constraint
of conserving park resources (i.e., unacceptable impacts
on birds and bats must be avoided). Adaptive manage-
ment will be used to decide whether and when to adjust
or shut down operations of the turbines. The park super-
intendent will make decisions with input from the Fish
and Wildlife Service, the Massachusetts state endangered
species program, and the public, contingent on bird and
bat mortality resulting from operation of the turbines.

Wyoming Landscape Conservation Initiative

In the Wyoming Landscape Conservation Initiative,
adaptive management is used to conserve and enhance
wildlife habitat, within the constraint of developing oil
and gas resources on predominantly federally managed
land. A five-member coordination team is responsible for
conservation planning and implementation of adaptive
management strategies, and for managing fiscal and
logistic operations. Plans for the initiative call for adap-
tive decision making for habitat conservation and other
activities, but not for leasing for energy development.

Adaptive harvest management

Adaptive harvest management was developed to
deal with uncertainties about the regulation of sport
waterfowl hunting in North America. Early each year,
the Fish and Wildlife Service announces its intent to
establish waterfowl hunting regulations and provides
the schedule of public rule-making. The agency director
appoints a Migratory Bird Regulations Committee with
representatives of the waterfowl flyway councils, which
presides over the process and is responsible for regulatory
recommendations. The committee directs a technical
working group of biologists to use dynamic optimization
to identify optimal regulatory policies that account for
breeding population size, environmental conditions, and
the current level of understanding. Once the regulations
are approved by the director, they provide outside limits
(on hunting season length and bag limit) within which the
states select their state hunting seasons.
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6.2. Follow-up monitoring

Monitoring, a key component in all applications of
adaptive management, provides information to estimate
resource status, informs decision making, and facilitates
evaluation and learning after decisions are made. In
the context of adaptive management, monitoring is an
ongoing activity, conducted according to the protocols
developed in the set-up phase. In some situations it is
undertaken each time a decision is made, for example,
when managing species with annual life cycles. In
other cases monitoring may be undertaken only after
several management interventions, for example, when an
ecological system takes a long time to exhibit a response
to management.

Project needs determine the timing of monitoring. In
many adaptive management applications, monitoring is
conducted at fixed and regular intervals. Monitoring can
also be applied irregularly, especially if it is tied directly
to available funding or if it targets extreme events or
unusual disturbances of the resource. In one approach to
timing a monitoring effort, monitoring is treated as a part
of the decision making process itself, with the decision
about whether to monitor at each point in time depending
on the status of the resource (estimated from the most
recent monitoring effort) and the level of structural
uncertainty at that time. For example, a project using this
approach might stipulate the monitoring of a population
only if its abundance is low and there is a high degree of
uncertainty about survival or reproductive potential.

Monitoring can be a highly refined process involving
experts and strong controls on field data collection.
Alternatively, it can be more loosely structured, perhaps
involving a cadre of amateurs who collect the data. In
either case, the monitoring program must be carefully

designed to ensure a tight connection between management

objectives and specific monitoring metrics and protocols
so that the data collected are relevant to assessment,
learning, and future decision making. Logistical and cost
considerations include the time and effort required to get
to field sites, the workload per person in the field, the
process of recording and verifying field observations, and
the amount of training and preparation of people collecting
data. Attention to the details of who collects data, and how,
are critical to successful resource monitoring.

Climate change. For problems involving climate
change, environmental conditions must be tracked by
ongoing monitoring in order to determine the direction
and variability of environmental change. For monitoring
the effects of mitigation and adaptation, variants of a

“before versus after and control versus impact” design
can help to isolate the effect of an intervention while
accounting for changes in environmental conditions.
Logistical considerations will depend on the type of
problem and interventions. When a project involves
monitoring activities across a large area, protocols must
be clearly established and personnel must be carefully
trained to ensure comparable results.

Water resources. Post-decision monitoring of
water resources is usually organized around sequential
management interventions and the need to compare their
effects over time. Extensive aquatic systems that include
both upstream and downstream habitats and conditions
present special challenges for collecting and managing
data. Water resource monitoring may include acquisition,
installation, and maintenance of stream gages and other
specialized equipment.

Energy. In many energy projects, private entities take
responsibility for collecting and analyzing data as part of
the permitting process. Under these circumstances there
are requirements from the Data Quality Act for moni-
toring protocols, quality assurance and quality control,
and personnel training. In adaptive management projects



there also is an obligation to share data and assessment
results among stakeholders so that adaptive adjustments
can be made as impacts are recorded. When data are
collected from different sites, standards need to be in
place for consistency and comparability.

Human/natural interface. Monitoring activities
under this theme are based on the type of project. All
the logistical and operational issues mentioned in the
introduction to this section may be relevant. Special
concerns are the accessibility of sampling locations and
the detectability of organisms at sample sites. Flexibility
is needed in order to adjust monitoring protocols when
some field locations become inaccessible. Because fish
and other wildlife can be difficult to observe in natural
settings, a statistical treatment of detectability should be
incorporated into protocol designs when monitoring these
resources. People who collect data may need to be trained
in field procedures (e.g., how to estimate distance or wind
speed; how to identify bird songs).

Examples of follow-up monitoring

New England shrub habitats on national

wildlife refuges

Shrub communities on wildlife refuges in the
northeast support migrating land birds and the New
England cottontail rabbit, a candidate for listing under
the Endangered Species Act. Fish and Wildlife Service
managers are using adaptive management to control the
invasive plants that degrade native shrub communities
and reduce the food resources required by rabbits and
birds. Refuge biologists train seasonal field staff and
supervise a monitoring effort that targets a number of
metrics related to plant and wildlife composition and
abundance. Pellets are collected for cottontail surveys by
a two-person team three times each winter, and mapping-
grade GPS units are used to relocate points each year.

Bird surveys are conducted during the fall migration
(September — October) over 8 to 10 person-days for each
refuge, and vegetation surveys including berry counts are
conducted over 12 to 14 person-days. Stem counts are
made after leaves drop, and can take a week for a team
of four biologists. Each type of monitoring has a time
window that allows for variable weather conditions.

Adaptive harvest management

Adaptive harvest management was developed to
deal explicitly with multiple sources of uncertainty in the
regulation of sport waterfowl hunting in North America.
Each spring, duck abundance and habitat conditions are
monitored in over 5 million square kilometers of breeding
habitat, with 89,000 kilometers of aerial transects. Ground
surveys are conducted on a subset of the aerial transects
to estimate the proportion of birds that are undetected
from the air. The central portion of the breeding range is
surveyed again in mid-summer to estimate the number of
duck broods, and to assess the progress of the breeding
season. These surveys have been operational since the
1950s, and they provide critical information for setting
annual duck-hunting regulations. Federal and state
biologists who are carefully trained in species identifica-
tion and field techniques participate in these surveys.

Waterfowl are also monitored through a large-scale
banding program in which individually numbered leg
bands are placed on over 350,000 birds annually, usually
just before the hunting season. A waterfowl harvest
survey is conducted each year via a mail questionnaire,
which is completed by a sample of 30,000 to 35,000
waterfowl hunters across the United States. In addition
to the questionnaire, about 8,000 hunters send in wings
or tails of harvested birds so that the species and demo-
graphic structure of the harvest can be determined.
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6.3. Assessment

In an adaptive management project, the data produced
by monitoring are used along with other information to
evaluate management effectiveness, understand resource
status, and reduce uncertainty about management effects.
Learning is promoted by comparing predictions gener-
ated by the models with data-based estimates of actual
responses. The similarity between predicted and observed
responses is used to judge model adequacy and thereby
improve understanding. Monitoring data can also be
compared with desired outcomes in order to evaluate the
effectiveness of management and measure its success in
attaining management objectives. In addition, monitoring
data are used to estimate particular resource attributes and
compare projected costs, benefits, and impacts of manage-
ment alternatives for future decision making.

It is not uncommon for the assessment component
of adaptive decision making to be underemphasized or
under-resourced, especially if adaptive management is
viewed simply as sequential decision making interspersed
with monitoring. A common, though unjustified, assump-
tion is that the monitoring data “speak for themselves”
and require little if any analysis. In contrast, we emphasize
how important it is to analyze monitoring data in learning-
based management. But the staff time and other resources
needed for this task should not be underestimated.

Climate change. Assessment in climate change
includes evaluation of resource responses to mitigation
and adaptation actions, by comparing predicted responses
with observations from monitoring. Because climate
may change unpredictably, it is important to include

an analysis of the potential for changing patterns in
environmental conditions. This might involve different
climate models or scenarios, with analysis of management
strategies to determine which can best meet objectives in
the face of uncertainty about future climate conditions.
Dealing with potentially unstable climate and resource
conditions, and the uncertainties associated with them,
presents a serious challenge.

Water resources. Because water systems are funda-
mentally dynamic and influenced by environmental condi-
tions and management actions, an adaptive management
framework of sequential decision making and learning
applies naturally to many water projects. Assessment
can often be fairly straightforward, with an evaluation
of water interventions, analysis of potential outcomes of
management options, and comparison of predicted and
observed patterns of change in water conditions.

Energy. Assessment of energy projects focuses on
the analysis of data on the impacts of siting, infrastruc-
ture, and operations of energy facilities. Assessments
might include estimating parameters such as mortality,
reproduction, and migration rates of animals and plants
affected by energy development. Other assessments could
involve a comparison of resource conditions before and
after energy development, by investigating attributes
such as the distribution and abundance of species or the
fragmentation and disturbance of landscapes.

Human/natural interface. Assessments for this broad
class of problems can include a great many analyses, such
as comparing effects of different management actions
on resources, or evaluating the effectiveness of different
strategies in achieving objectives. Assessment may also
focus on learning, as in the comparison of predicted
responses to management and actual responses recorded
by field monitoring. Analyses may focus on the statistical
association of resource and socio-economic data.

Examples of assessment

New England shrub habitats on refuges

Shrub communities on wildlife refuges in the
northeast support migrating land birds and the New
England cottontail rabbit, a candidate for listing under
the Endangered Species Act. Fish and Wildlife Service
managers are using adaptive management to control
the invasive plants that degrade native shrub habitats.
Assessments focus on restoration objectives, and
monitoring data are used to track progress toward objec-
tives (control of invasive plants and restoration of shrub
community integrity), to determine the current status of



the shrub communities and fauna of interest, and to make
comparisons with predictions of the models aligned with
low- and medium-intensity treatments. The comparison
between observed and predicted metrics allows for
updated measures of confidence in the two kinds of
treatment used to restore the shrub community.

Prairie pothole restoration

The Minnesota Private Lands Program (part of the
National Wildlife Refuge System) and other federal
partners support restoration of privately owned small
prairie pothole wetlands that were converted to agricul-
ture. Adaptive management is being used for hydrological

restoration, sometimes combined with sediment removal.
Evaluation focuses on the effectiveness of the manage-
ment alternatives (hydrology restoration alone versus

in combination with sediment dredging) in maximizing
wetland quality. Technical analyses include assessment
of expected changes in metrics for each of the alterna-
tive treatments, and updates of confidence weights for
the competing models by comparing predicted versus
observed pothole changes.

Vernal pools and amphibians

Landscape changes have degraded ephemeral vernal
pools in the eastern United States. Potential impacts due
to climate change could further stress vernal pools, specif-
ically by altering hydroperiod length and water depth.
This could lead to the decline of many amphibians, such
as wood frogs, that depend on vernal pools for breeding.
Management of vernal pools may become necessary to
ensure adequate habitat for breeding frogs, especially near
the southern edge of the range where multiple years of
reproductive failure have produced documented declines.
Biologists are evaluating whether direct manipulation
of pool structure and water retention (e.g., by use of
impermeable liners) can increase amphibian colonization
and breeding success. Annual monitoring of egg masses,
late-stage tadpoles (an indicator of successful breeding)
and breeding adults allows biologists to identify ponds
for direct manipulation. Field data are also used for
comparisons with the predicted responses to management
and anticipated climate patterns.

Florida scrub-jay habitat

The Florida coastal scrub ecosystem is highly modi-
fied by fragmentation and fire suppression, which has
resulted in significant decline of endemic species like
the endangered Florida scrub-jay. To measure progress
toward restoration of a mosaic of successional stages
following fire and mechanical treatments, managers
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annually monitor vegetation structure from aerial
photographs and conduct presence/absence surveys for
scrub-jays. Data collected at the patch level are used to
describe current resource status. By comparing actual
status with the status predicted by linked habitat transi-
tion—occupancy models, managers are able to learn how
fire or mechanical treatments affect vegetation transition
rates, and thereby reduce a key uncertainty in managing
for improved habitat for scrub-jays.

Adaptive harvest management

Adaptive harvest management was developed to deal
with uncertainties in the regulation of sport waterfowl
hunting. Each year assessments incorporating different
models of waterfowl populations and management
alternatives are used to support decision making, evalu-
ation, and learning. Regulatory decisions are based on
comparisons among potential outcomes of different
actions. Learning is promoted by comparing predictions
from each of four population models with waterfowl
population estimates derived from monitoring. Comparing
outcomes with population objectives is used to evaluate
how well harvest objectives are being met.

6.4. Learning and feedback

In adaptive management, the understanding gained
from monitoring and assessment helps in selecting future
management actions. It is the iterative cycle of decision
making, monitoring, and assessment that leads gradually
to better understanding of resource dynamics. As under-
standing evolves, so should decision making.

Several approaches to learning can be used; all involve
using monitoring data to update confidence in the models
under consideration. The enhanced understanding then
guides decision making at the next time period. One
common approach involves updating the measures of confi-
dence associated with different models by combining them
with current monitoring data via Bayes’ rule to produce
new confidence measures for the next time (Lee 1989).

One can think of the iterative learning cycle as
starting with a management decision, followed by post-
decision monitoring and the subsequent assessment of
monitoring data, with feedback of what is learned into
future decision making (Figure 2.3). Alternatively, one
can think of the process as beginning with monitoring,
followed by analysis of the resulting data, followed by
decision making based on what is learned. In either case
the sequence of activities is repeated over the course of
a project, during which learning occurs and management
strategy is adjusted accordingly.

Climate change. Climate change will create new
challenges to learning, arising from the instability that
climate change induces in patterns of resource change.
The environmental variations defining climate change
can influence the uncertainty factors in adaptive manage-
ment (see Chapter 4) and produce deep uncertainties
about resource dynamics and decision making. When the
resource system itself is changing over time, learning-
based decision making becomes especially difficult.

One way to approach the problem is to use scenarios of
different environmental futures, and learn about their rela-
tive adequacy by means of monitoring resource attributes
and environmental conditions.

Water resources. Learning in water resource projects
centers on structural uncertainty about hydrological
processes and rates. Hydrological models that express
structural uncertainty describe different trajectories for
water conditions, flows, aquatic organisms, etc, which can
be compared with actual states estimated from hydrological
and other monitoring. Learning can be pursued with classical
experiments according to a management design, or with
sequential updating of model confidence using Bayes’ rule.

Energy. Learning and feedback in energy projects
relates to the impacts of siting, infrastructure develop-
ment, and operation of energy facilities. At specific sites,



project evaluation is often based on monitoring data used
in Bayesian updating of model weights, resulting in better
understanding that can be applied to future management
decisions about operations. In larger-scale evaluations,
information and understanding from one site can be
applied to other sites to guide development as they are
being established. In either case, what is learned is folded
into future decision making.

Human/natural interface. Learning in this context is
often based on interventions replicated over time rather
than space, because many projects involve animals or
plants in the wild and occur at scales that don’t allow
replication in space. That said, some problems are more
amenable to spatial rather than temporal replication, for
example, large-scale management of old-growth forests in
which responses to management interventions occur after
long time lags. In both instances the data produced by
monitoring can be used to assess the system responses to
management over time, with new understanding used to
adjust management.

Examples of learning and feedback

New England shrub habitats on refuges

Shrub communities on wildlife refuges in the
northeast support migrating land birds and the New
England cottontail rabbit, a candidate for listing under
the Endangered Species Act. Fish and Wildlife Service
managers use adaptive management to control the
invasive plants that degrade native shrub communities.
Learning is promoted by updating credibility weights
of two competing models of low- and medium-intensity
treatments of invasive plants on the basis of monitoring
data. The two models differ in how much effort is needed
to restore native shrub communities successfully. The
data also can be used to refine the models and improve
parameter estimates. What is learned in the project will
be relevant to the choice of treatments for shrub habitat
management in other coastal areas in New England.

Native prairie restoration in national

wildlife refuges

Native prairies in national wildlife refuges of the
northern Great Plains are being invaded by plants such
as smooth brome and Kentucky bluegrass as a result of
the suppression of natural disturbance. Managers choose
annually among alternative treatments to restore a high
proportion of native species. Environmental variability
across spatial and temporal scales compounds the inherent
difficulty of choosing the best management action to reach
established restoration targets. Uncertainty is represented
by a set of four competing models that express alternative

hypotheses about vegetation responses to management.
The annual cycle involves treatment, monitoring, and
assessment of data against model-based predictions of
prairie responses. The credibility weights of the models are
revised annually with monitoring data and used to identify
an optimal action for the following year. Information on
vegetation response and actions implemented is added to

a permanent database that can be used for evaluation and
periodic revision of the predictive models.

Adaptive harvest management

Adaptive harvest management was developed to deal
with uncertainties in the regulation of sport waterfowl
hunting in North America. Each year, a proposed policy
for waterfowl hunting regulations is derived by dynamic
optimization methods. After regulatory decisions based
on this policy are made, model-specific predictions for
subsequent breeding population size are compared with
monitoring data as they become available, to produce new
model credibility weights with Bayes’ rule. The process
is adaptive in the sense that the harvest policy “evolves”
over time to account for new knowledge generated by the
comparison of predicted and observed population sizes.
The change in harvest policy from 1995 to 2007, resulting
from changing model weights, is a striking example of
the efficacy of adaptive management as it is actually
implemented.

Great Barrier Reef marine reserve management

The Great Barrier Reef is a 2,000-kilometer-long
complex of coral reefs and other ecosystems such as
coastal seagrass beds and diverse sea-floor habitats
covering 135,000 square kilometers off the northeast
coast of Australia. It is a national marine park that
contains the world’s largest network of marine reserves,
which are designed systematically at a regional scale.
Adaptive management is used to restore ecosystem struc-
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ture (e.g., widespread recovery of depleted fish stocks)
and to prevent ongoing degradation (e.g., reduced coral
mortality). The Great Barrier Reef Zoning Plan 2004
protects living marine resources including apex predators
(reef sharks) and commercially fished reef species (coral
trout, redthroat emperor) with different levels of zoning.
Monitoring is used to evaluate effectiveness of manage-
ment strategies in meeting objectives (e.g., by comparing
conditions before and after zoning implementation, or
replicates across a range of zones or other gradients), as
well as effectiveness of enforcement. For the objective of
restoring ecosystem structure, monitoring of juvenile and
adult fish to estimate species population demographics
has shown significantly greater reproductive output and
transport of larvae of coral trout and redthroat emperors
from no-take zones compared with fished zones, thus
indicating that the no-take network provided ecosystem-
wide population increases for recovery of fish stocks.
Surveys of reef sharks showed higher abundances in
no-entry zones than in no-take zones, which suggested
possible compliance problems requiring further manage-
ment action in no-take zones. For the objective of
preventing degradation, monitoring of crown-of-thorns
starfish (the major historical cause of coral mortality)
and coral cover has shown strong positive connections
among no-take reserve zones, reduced starfish outbreaks,
and reduced coral mortality, thus indicating that zoning
benefits the entire reef ecosystem.

6.5. Institutional learning

Periodically we may need to interrupt the technical
cycle of decision making, monitoring, assessment and feed-
back, in order to reconsider project objectives, management
alternatives, and other elements of the set-up phase. This
reconsideration constitutes an institutional learning cycle
that complements, but differs from, the cycle of technical
learning. In combination, the two cycles are referred to as
“double-loop” learning. By recognizing uncertainty about
the architecture of decision making and allowing for reduc-
tion of that uncertainty over time, the institutional learning
cycle expands the possibilities for learning in adaptive
management. Important considerations are the frequency
of revisitation of the set-up elements, which elements to
revisit, how to recognize the need for adjustments, and the
type of adjustments to be made.

In practice, the cycle of technical learning occurs
more rapidly than that of institutional learning, with the
institutional cycle producing less frequent changes of
the set-up elements. Changes of objectives, management
alternatives, and other elements that are too frequent can
compromise both institutional and technical learning, by
confounding their effects (Williams 2010q).




In many adaptive management projects, both kinds
of learning are important. It is sometimes as useful to
understand and track evolving social and institutional
relations and stakeholder perspectives as it is to resolve
technical issues about resource structure and process
(Williams 2006). Although adaptive management can
improve resource management by reducing structural
uncertainty, the improvement can be stalled if social and
institutional changes, which are inevitable over time,
are not taken into account. Because early successes in
achieving objectives can result in social and institutional
changes, it is important to acknowledge and if possible
account for them as decision making progresses.

Climate change. The uncertainties associated with
climate change, in which directional changes in envi-
ronmental conditions induce unstable (non-stationary)
resource dynamics, are sure to offer many opportunities
for double-loop learning. As the direction and magnitude
of environmental change are revealed by monitoring
environmental conditions, adjustments are likely to be
needed in the models, alternatives, and even objectives,
so that the decision making elements can be “recali-
brated” to the patterns of systemic change.

Water resources. The multiplicity of values and
perspectives that enter into adaptive decision making
about water resources heightens the potential for change
in the set-up elements. In particular, the pressure to
change objectives can increase as monitoring data begin
to reveal unexpected patterns in resource responses to
water management. For example, a dam project that is
managed for irrigation and power generation might reveal
steadily declining native fish populations that require
additional modeling and assessment. More generally,
the potential for building up disproportionate benefits
or costs among stakeholders can lead to revision of the
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management objectives for a project, or at least changes
in weighting their relative importance. This in turn can
lead to revising alternatives, monitoring protocols, or
other elements.

Energy. Double-loop learning can play an important
role in renewable and non-renewable energy projects. For
example, decisions about the siting of facilities might meet
initial objectives but nevertheless lead to an acknowledged
need to consider other factors in decision making.
Likewise, it may become clear over time that key aspects of
facilities support and operations were not included in initial
planning, or important stakeholders were not included,
or stated objectives weren’t adequate for evaluation and
decision making. Under these circumstances the decision-
making apparatus of adaptive management can be revised
by changing the set-up elements.

Human/natural interface. Adaptive management
projects in this field often need to change project objec-
tives and projection models. As evidence of resource
responses to management accumulates, stakeholders may
revisit objectives and other elements in an effort to make
strategies more responsive to their needs. As mentioned
above, it is important not to change the set-up elements
too frequently because rapid change can interfere with the
rate of both technical and institutional learning.

Examples of institutional learning

Blanca wetlands

The Blanca Wildlife Habitat Area in southern
Colorado is an area of over 6,200 hectares of marshes,
ponds, and periodically flooded basins called playas,
which provide habitat for a wide variety of wildlife and
plant species. The 1995 management plan for this area
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focused on a core area of 1,100 hectares for which the
Bureau of Land Management has adequate artesian water.
Since then, Bureau managers have learned that playa
basins should be flooded only once every 3 to 6 years in
order to produce the very high densities of the insects and
vegetation critical for wetland birds. After revisiting the
management alternatives, managers now are attempting
to mimic the historic hydrology of playas by drying
larger areas rather than individual basins. This involves
rotation of the limited artesian water around an expanded
area over multiple years, so that the longer drying times
correspond to the natural hydrology of playas. Revised
objectives place more emphasis on supporting shorebird
populations because, as other wetlands in the region

have been lost, Blanca has become the most important
shorebird area in the San Luis Valley.

Northwest Forest Plan

The 1994 Northwest Forest Plan for federal lands in
the range of the northern spotted owl formally established
a regional effectiveness monitoring program with a
feedback process using a 10-year interpretive report.
The final report included a synthesis of new science and
results from five monitoring modules, with direct partici-
pation by top interagency decision makers. An important

lesson learned was that the belief held by most people that
monitoring results would be clear and easily applicable in
future decision making is incorrect, at least with raw data.
The findings suggest that monitoring data can be used
more effectively in an adaptive learning cycle when they
are given a management context and assessed through
structured interactions between researchers and decision
makers. Recognition of the importance of assessment

and an increased emphasis on it has led to changes in the
framing of adaptive forest planning and management.

Adaptive harvest management

Adaptive harvest management was developed to deal
with uncertainties in the regulation of sport waterfowl
hunting in North America. Perhaps one of its greatest
contributions is a capacity for managers to re-examine
their purposes and rules of operation. The periodic
examination of adaptive management components has
usually been precipitated by an institutional recognition
that current elements and protocols are inadequate to
address unanticipated problems arising in management
policy. For example, difficulties have arisen in recent
years in defining unambiguous harvest objectives, in
predicting and regulating harvests, and in coping with
the tradeoffs inherent in managing multiple stocks of
waterfowl exposed to a common harvest. The key chal-
lenge facing harvest management is whether the decision
making structure of adaptive harvest management can
itself be adaptive, that is, whether the knowledge and
experience gained in its application can be reflected in
higher-level structural adjustments when needed. Sorting
out these policy and institutional issues will require
innovative mechanisms for producing effective dialogue
and new ways of handling disputes within a process that
all parties regard as fair.

Columbia River chinook salmon

Dams that have been established on the Columbia
River for hydropower, irrigation, and flood control have
adversely affected spawning and recruitment of fall-run
chinook salmon. Public utility districts of the middle
Columbia River work with federal and state agencies and
Native American tribes to set priorities for power genera-
tion and fish and wildlife protection. Dam relicensing by
the Federal Energy Regulatory Commission highlighted
the need to protect chinook spawning areas in the Hanford
Reach of the Columbia. An adaptive management
working group representing the stakeholders therefore
established a procedure for water releases to minimize the
risk that breeding areas would dry out from water fluctua-
tions in the river, within the constraint of meeting energy
demands. After implementation of the initial hydropower
plan, follow-up monitoring revealed that once chinook



fry emerged from the breeding areas, they remained in
the natal areas and did not move as those areas dried out
under a post-breeding flow regime. This left juveniles
stranded and perishing in large numbers, and threatened
the gains realized by protecting spawning grounds in
the fall. The working group established flow bands that
took into account the volume of water being released
from Grand Coulee Dam upstream, and suggested limits
on the range of possible flows. This expanded the water
release agreement to cover a longer time period from
spawning through rearing. By altering the management
options on the basis of monitoring in the Hanford Reach,
the working group used double-loop learning to accel-
erate progress in achieving the objective of increasing
chinook reproductive success.
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In previous chapters we discussed the elements and
processes of adaptive management as we define them in
this guide, and illustrated them with examples from the
thematic areas of climate change, water resources, energy
development, and human impacts on the natural land-
scape. We treated the components of adaptive manage-
ment separately in individual chapter sections in order to
highlight the common features of each component among
the themes.

In this chapter we show how these components are
integrated in the application of adaptive management
in the field. Our examples include management of river
flows, management of breeding habitat of an endangered
woodpecker species, management of food resources of
migratory shorebirds, and management of disturbance
near nesting eagles. Each example is comprehensive, in
that it includes all the interacting components of adaptive
management. In the interest of brevity we omit many of
the details required to develop the application fully, and
limit ourselves to the information needed to describe the
actual implementation of adaptive management.

7.1. Tallapoosa River — R.L. Harris Dam
in Alabama

Extensive hydropower development has altered
riverine habitats in the southeastern United States, which
is a global center of freshwater fish and invertebrate
diversity. The Tallapoosa River in east central Alabama is
a priority area for aquatic conservation, with a native fish
assemblage of 57 species, including 5 species endemic
to its river system. Four of the fishes and one mussel
are considered to be “at risk” by the Fish and Wildlife
Service. Fish and invertebrate populations in one of the
highest-quality segments of Tallapoosa habitat were
threatened with destruction by daily extreme low flows
that dried the river bed, extreme flow variation from
floods to trickles, and daily temperature changes from
pulsed water releases for hydropower at the utility-owned
R.L. Harris Dam.

The Fish and Wildlife Service has been evaluating
proposals for relicensing of more than 200 dams in
the southeastern United States — including the Harris
dam — that are licensed by the Federal Energy Regulatory

Commission. Through the Southern Rivers Integrated
Science Initiative, the Service has recognized the need for
new approaches to evaluate dam relicensing, and new strat-
egies to mitigate the impacts of dam operations on aquatic
communities. Rather than the one-time fixed flow regime
typical of relicensing prescriptions, adaptive management
has been used on the Tallapoosa since 2005 to allow for the
adjustment of flow management based on what is learned
from system responses. This project is intended to provide
a template for incorporating adaptive management and
decision support into the relicensing process.

Set-up phase for the Tallapoosa River project

Stakeholders. Project leaders took steps early on
to involve stakeholders actively. Neutral, professional
third-party facilitators were engaged to help develop and
conduct stakeholder fora and workshops, and to gather
information from stakeholder polls. Stakeholders created
a governance structure, the R.L. Harris Stakeholder
Board, for future decision-making. The board includes
representatives from the Fish and Wildlife Service and
other federal agencies, state and local agencies, conserva-
tion groups, river-boating and sport-fishing groups,
property-owner groups, and the utility company that
owns the dam. Special care was taken to be as inclusive
as possible so that all groups and individuals with an
investment in the system could have a part in manage-
ment discussions. Equity in stakeholder representation
was sought, in order to avoid skewed voting from over-
representation of one entity or viewpoint.

Objectives. Through the facilitated workshops,
stakeholders arrived at 10 fundamental objectives that
they agreed were representative of all involved parties.
Many objectives were in conflict, with potential conflicts
centering around maximizing hydropower production and
reservoir levels versus maximizing aquatic biodiversity and
downstream boating opportunities. The competing stake-
holder objectives were incorporated in a decision support
framework, with software that created visual representa-
tions of the influence diagram of relationships among
objectives, as well as visualization of the Bayes belief
network and the decision support model. Tradeoffs among
all the objectives were considered in developing decision
support procedures in which all stakeholders “give a little”
to negotiate a starting point for management actions.

7
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Management alternatives. To compromise among
user groups, management decisions focused on three main
decisions: daily flow rates, seasonal flows for boating,
and fish spawning windows (periods of stable flow for
spawning). A stream gage in an unregulated stretch of the
Tallapoosa provided control data on natural stream flows.
Management alternatives were developed for each of
the three main decision points, i.e., four alternative daily
flow patterns, four alternative spawning window options,
and two boating flow options. For example, the primary
decision concerned daily flow operations from the dam.
The four alternatives to the primary decision were:

(i) current utility operation, with no change from the
twice-daily peak flow pulses of 4 to 6 hours, followed by
almost no flow; (ii) constant minimum flow to maintain
the “natural” target as recorded by the stream gage, plus
necessary power generation flows; (iii) constant flow to
maintain the “natural” target, but never falling below 300
cubic feet per second, plus necessary power generation
flows; (iv) twice-daily flow pulses to maintain at least 75
percent of the “natural” target (an option proposed by the
utility company).

Models. Hypothesized relations between flow features
and system responses were modeled by means of a
probabilistic Bayes’ network. Modeling incorporated
four alternative primary flow regimes based on different
a priori hypotheses about how fishes and habitat would
respond to specific flow conditions. Modeling also
included four alternative options for spawning windows —
periods of stable flow that allow fish to spawn and juve-
niles to develop successfully — that expressed different
hypotheses about how recruitment of juvenile fish of
different species would respond to seasonal spawning
windows in spring and summer. Optimization was used
to determine the management decision that maximized
stakeholder values, which included improving fish habitat
and recruitment of juveniles, improving downstream
boating during peak season, and maintaining sufficient
flow levels for power generation.

Monitoring protocols. Uncertainty about functional
relations among flow parameters (e.g., frequency,
duration, magnitude) and fish populations needs to be
resolved, especially the relations between periods of
stable flow and recruitment of young fishes. Protocols
were developed for fish sampling as well as the measure-
ment of water flows (e.g., river stage, water column
velocity, and substratum type at sampling sites). Data
collection was designed to evaluate effects of various flow
regimes on occupancy, availability, and persistence of the
shallow-slow and shallow-fast habitats needed by various
species for spring and summer spawning and survival of
young of the year.

Iterative phase for the Tallapoosa River project

Decision making. Decision making incorporated
the 10 fundamental objectives that were developed by
stakeholders, plus the three main decisions (daily flow
pattern, stable flows for fish spawning, and flows for
boating). Stakeholders negotiated the starting point for
management actions — an initial flow prescription that
consisted of (i) pulsed flows to increase base flow from
the dam, thus mimicking natural hydrology in an unregu-
lated reach of the Tallapoosa; (i) periods of stable flows
for fish spawning in both spring and summer; and (iii)
suitable flows for downstream boating in October.

Post-decision monitoring. Faunal response to
management is monitored by collecting numerous
fish samples from sites below the dam and in nearby
unregulated river reaches. Fish occupancy, extinction, and
colonization probabilities are estimated at least twice a
year at multiple, randomly selected sampling sites, with
pre-positioned area electrofishers (electrodes powered by
generators) to stun fish so they can be netted and identified,
counted, and measured. Population parameters are being
modeled as a function of habitat variables, site location
(regulated or unregulated), and attributes related to water
availability in the basin and management at the dam. River
hydrology data are measured by U.S. Geological Survey
flow gages. Stakeholders are involved in aspects of plan-
ning and execution of the monitoring plan.

Assessment. Monitoring data collected since 2005
are being used to modify biological hypotheses. Data on
flows, habitat characteristics, and fish populations are
being analyzed for comparison with predicted responses
of fish and habitats to management actions. The decision
model was based on hypothesized relations between flow
features and fish population responses: depleted low
flows, flow instability, and thermal-regime alteration were
the main factors hypothesized to affect fishes. Ten explic-



itly stated uncertainty nodes (e.g., reservoir inflow, lake
levels, shallow-fast habitat, slow-cover habitat, degree
days, small fish abundance, bass recruitment, redbreast
sunfish spawning success) are parameters linked directly
to fundamental objectives of stakeholders and hypotheses
related to system function. The new information about
actual system states will reduce uncertainty about the
relationships between flow and system responses.

Learning and feedback. The models are used to
predict outcomes of future flow manipulations, which
then are compared with actual flows to facilitate learning.
Data collected in post-decision monitoring are used in
updating the probabilities that represent uncertainty about
fish distributions, hydrological flows, and recreation
capacity. As uncertainties about the relationships between
flow and system responses are reduced, managers and
stakeholders will be able to adjust the flow regime as
needed to meet management objectives and ensure
conservation of at-risk species.

Institutional learning. The original design for
monitoring has been adjusted to account for detectability
of organisms through the use of occupancy sampling and
estimation. An upcoming review of the decision-making
process will consider possible changes in other elements
of the adaptive management apparatus, including objec-
tives and management alternatives. For example, modifi-
cation of the underlying biological hypotheses may lead

to revision of the models in which they are embedded.

If all objectives are attained, future flow adjustments

may become necessary to mitigate the effects of other
watershed changes that affect flow regimes. Such changes
could include drought, land-use changes that affect
runoff, or climate change.

7.2. Red knots and horseshoe crabs
in Delaware Bay

The sandy beaches of Delaware Bay in Delaware and
New Jersey are globally important as spawning grounds
for Atlantic horseshoe crabs and as stopover habitat for
long-distance migratory shorebirds such as the red knot.
Each year the birds stop in Delaware Bay in May to rest
and replenish their energy reserves during migration
from wintering grounds in temperate and tropical regions
to breeding grounds in the Arctic. In the bay, they feed
on the seasonally superabundant horseshoe crab eggs
deposited on the beaches by millions of crabs that spawn
during the lunar tides each spring. Throughout the 1990s
a growing and unregulated harvest of horseshoe crabs, for
use as bait in eel and whelk fisheries, led to a decline in
spawning crabs.

In the late 1990s and early 2000s, monitoring data
began to show major declines in red knot abundance.
Shorebird scientists and advocacy groups identified
horseshoe crab fishing as the root cause of the red knot
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decline, and claimed that reduced horseshoe crab egg
abundance resulted in decreased survival and reproductive
success of migrating birds. Other scientists and horseshoe
crab fishermen’s groups argued that red knots are not
solely reliant on horseshoe crab eggs for food, and that
some other environmental factor must be responsible for
red knot declines. Conservationists called for a complete
cessation of horseshoe crab fishing in the Delaware Bay,
while others called for more moderate regulations in order
to protect the horseshoe crab fishery. Highly variable

data, which could be interpreted to support either side in
this ongoing argument, resulted in substantial scientific
and decision-making uncertainty. Adaptive management
was initiated on this contentious issue, with a goal of
identifying a sustainable horseshoe crab harvest strategy
that protects red knots and enables learning about how the
system functions.

Set-up phase for the red knot and horseshoe
crab project

Stakeholders. The horseshoe crab harvest and red
knot conservation problem involves numerous stake-
holders. The crabs are commercially harvested for bait
in eel and whelk fisheries, and are vital to the biomedical
industry that uses their unique copper-based blood for
medical testing. The red knot is a candidate species for
listing under the federal Endangered Species Act and
is listed as endangered or as a species of conservation
concern in several states. The adaptive management
effort has engaged the Atlantic States Marine Fisheries
Commission; the Fish and Wildlife Service; the New
Jersey, Delaware, Maryland, and Virginia state fisheries
and wildlife agencies; the New Jersey Audubon Society;
and the Conserve Wildlife Foundation of New Jersey,
among other stakeholder organizations. Representatives
from the organizations collectively make up a stakeholder
committee.

Objectives. Working with the stakeholder organiza-
tions, the Delaware Bay adaptive management team
(composed of scientists and experts from the various
organizations and the U.S. Geological Survey) has
developed a unified objective statement that effectively
captures the competing resource uses. After extensive
discussions, the stakeholders agreed on the statement,
“Manage harvest of horseshoe crabs in the Delaware
Bay to maximize harvest but also to maintain ecosystem
integrity and provide adequate stopover habitat for
migrating shorebirds.” In order to introduce quantitative,
measureable attributes for monitoring purposes, this state-
ment was effectively translated as, “Maximize horseshoe
crab harvest as long as red knot population abundance has

exceeded some predetermined threshold (45,000 indi-
viduals).” The latter objective uses an increase in red knot
populations from their current population size of about
20,000 to 45,000 as a surrogate measure for ecosystem
integrity and adequate stopover habitat. The red knot
abundance metric met the true fundamental objective

of several stakeholders, which was to restore red knot
populations to some higher level of abundance.

Management alternatives. Because the decision
maker and sponsor of the framework development is the
Atlantic States Marine Fisheries Commission, manage-
ment alternatives were restricted exclusively to crab
harvest actions. The stakeholder committee considered
historic harvests, fishing industry needs, and conservation
community concerns in developing a range of harvest
actions that reflect those needs and concerns. The possible
actions ranged from a full moratorium, to the harvest of as
many as half a million crabs, and allowed for differential
harvest actions for male and female crabs.

Models. The modeling portion of the Delaware Bay
adaptive management project focused on three primary
hypotheses about the ecological interactions between the
two species. (i) The first hypothesis was that horseshoe
crab spawning abundance (the number of crabs that
crawl up the beach to spawn in the spring) has dramatic
effects on red knot annual survival and reproductive
success. Essentially, birds that do not gain enough weight
(i.e., cannot find enough food) during stopover have
high mortality and those that do manage to survive the
rest of migration that year do not breed. (ii) The second
hypothesis was that horseshoe crab spawning abundance
has a small effect on red knot survival and large effect on
reproductive success. In the model for this hypothesis,
birds that do not gain enough weight during stopover



survive the rest of the year with no residual effect, but
do not attempt to breed. (iii) The third hypothesis was
that horseshoe crab populations have no effect on red
knot population dynamics. This hypothesis assumes that
some other environmental issue caused the decline in the
red knot population, if in fact the decline truly happened
(observed declines may simply be a result of changes

in habitat use, or alterations of migratory patterns, or
systematic changes in detection rate). These different
models predict very different responses by the red knot
population to horseshoe crab harvest actions.

Monitoring. Annual decision making requires esti-
mates of the abundance of horseshoe crabs and red knots.
The population of adult horseshoe crabs is surveyed
annually with a stratified-transect sampling design during
the late summer and fall, after the crabs have spawned
and returned to deep waters. Offshore trawling is used to
dredge up sampled crabs. In past years, red knot abun-
dance was estimated from aerial survey counts conducted
in the Delaware Bay during the stopover season. The peak
count for a season was considered an index of abundance;
however, aerial counts are subject to tremendous counting
error and other statistical issues. The adaptive manage-
ment team recommended abundance estimates based on
mark—recapture techniques, which will make use of the
mark and recapture effort carried out annually in the bay
to assess red knot weight and body condition.

Iterative phase for the red knot and horseshoe
crab project

Decision making. In its current form the adaptive
management plan calls for annual decisions about harvest
regulations. Managers need to assess the abundance of
both horseshoe crabs and red knots to determine the best
management action, given the state of the two populations
and the recognized ecological and environmental uncer-
tainty. Adaptive stochastic dynamic programming tech-
niques provide decision makers with a decision table of
optimal harvest actions based on different possible states
of the system and the current degree of understanding
about the system. The decision recommendations seek to
maximize harvest yields over a long time horizon while
protecting red knot populations.

Post-decision monitoring. The harvest action is
implemented in the summer and fall, after red knot spring
migration and crab spawning. The timeline for decision
making, assessment, and monitoring is complex, because
the action implementation is concurrent with or even later
than the assessment monitoring for the next year’s decision.
The effects of the harvest may not be apparent in assess-
ment and monitoring data for 2 or more years. Following
a harvest decision and implementation, managers need
to estimate abundance in the same way used to assess the
populations before the decision implementation.
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Assessment. The three alternative system models
corresponding to the three alternative hypotheses make
different predictions about red knot abundance in
response to horseshoe crab harvest actions. Comparing
observed or estimated red knot abundance to the three
model predictions allows managers and researchers to
determine which of the three hypotheses more effectively
represents red knot responses to horseshoe crab harvests.

Learning and feedback. By applying management
actions and comparing the observed results with predicted
outcomes from the three models, one can gradually
learn which model more accurately predicts the system
response to horseshoe crab harvest. Confidence will
accumulate over time in the model that makes the best
predictions about red knot populations. At the beginning
of the process, model confidence values are established
through expert opinion and stakeholder input. As deci-
sion making progresses over time, the model confidence
values will be updated using Bayes’ rule. The process of
sequential assessment and model updating will gradually
increase knowledge about the relationship between red
knots and horseshoe crabs.

Institutional learning. Every few years, the set-up
phase of the adaptive management plan will be revisited.
Stakeholder groups will reconvene, objectives will be
re-evaluated, and the models (and underlying hypotheses)
will be re-evaluated in accordance with what was learned
in the iterative phase. As an additional component of
the set-up phase, the adaptive management framework
for this problem identifies research priorities to address
some uncertainties that could not be incorporated into
the initial set of three models. Some issues like sex ratio
linkage to fertility in horseshoe crab populations, juvenile
survival rates of red knots, and first-year survival rates of
horseshoe crabs were put aside during the set-up phase,
with the intention of revisiting them as new data become
available, or as other studies produce results that can
be incorporated to improve model predictions. There
was disagreement and uncertainty among stakeholders
and scientists as to which issues were central to the key
ecological relationships; the choice of the particular
issues underlying the current set of models represents a
compromise on the important hypotheses about ecological
relationships. The remaining issues and disagreement
were set aside to prevent excessive complexity from
inhibiting management decision making. Meanwhile,
plans were put in place to address those issues in parallel
with iterative decision making, as part of the double-loop
learning process.

7.3. Southeastern pine forests and red-
cockaded woodpeckers

The endangered red-cockaded woodpecker occurs
in mature pine forests of the southeastern United States,
most typically in longleaf pine forests of the coastal plain.
Patches of old-growth forest provide critical nesting
habitat for cooperatively breeding woodpeckers; family
groups include helpers at the nest and may be as large
as nine birds. Preferred sites are mature, park-like pine
stands about 4 hectares in area. The birds select old trees
for the excavation of nesting cavities, and family units
defend territories around clusters of such trees. Other
habitat requirements include over-story and mid-story
layers of limited density and an adequate understory, but
the old-growth condition is the underlying requirement
for successful breeding by woodpecker groups. These
habitat conditions were routinely met by the historic
disturbances that shaped southeastern pine forests.
Red-cockaded woodpeckers also occurred in other pine
forest types and in provinces beyond the coastal plain,
including loblolly pine forests of the Piedmont.

The recovery plan for the species calls for establish-
ment of primary and secondary populations across
different forest types and provinces. One recovery
target is the Piedmont National Wildlife Refuge and
Chattahoochee—Oconee National Forest complex in
central Georgia. These lands came into federal ownership
in the 1930s after the collapse of cotton farming in the
region. Since then, forests of mixed loblolly pine and
hardwoods have become established. The red-cockaded
woodpecker population in this forest complex is the



largest in the Piedmont physiographic province. Creation
and long-term maintenance of old-growth forest is critical
for sustaining this population.

The recovery plan for red-cockaded woodpeckers
provides guidance to forest managers on the amount and
age-class distribution of annual cutting necessary to sustain
old-growth conditions. But these guidelines were derived
mostly from experience with longleaf pine forests in the
coastal plain, and they do not take into account the current
composition of a mixed loblolly pine-hardwood forest
or the rate of succession from pine to hardwood in the
Piedmont. A faster rate of succession to hardwoods would
limit the ability to create old-growth loblolly pine forest,
and management strategies would vary depending on this
rate. Unfortunately the rate of succession is unknown, so
the maximum amount of attainable old-growth forest and
the best sequence of harvest actions to reach it are also
unknown. At the Piedmont refuge, adaptive management
can account for this biological uncertainty in guiding deci-
sions about the harvest strategy to maximize old-growth
loblolly pine habitat over the long term.

Set-up phase for the pine forest and
woodpecker project

Stakeholder involvement. Final decisions about forest
management rest with the refuge manager. However,
decisions are made with an awareness of legal mandates as
well as the views and demands of different stakeholders.
The refuge manager is obligated to meet legal require-
ments imposed by the Endangered Species Act and to act
in accordance with the recovery plan for red-cockaded
woodpeckers. Unfortunately, actions under the recovery
plan guidelines potentially run counter to management
needs of other trust species, which are also obligatory.

The manager must be sensitive to needs of the public for
consumptive use of the refuge lands and recreational access
to them. Finally, the manager must try to provide positive
benefit to adjacent landowners and the local community, or
at least avoid antagonizing them. Thus, the refuge manager
makes each decision in a context of conflicting desires and
expectations among stakeholders.

Management objectives. One of the fundamental
objectives of management at the Piedmont refuge is to
establish a self-sustaining red-cockaded woodpecker
population. In the mixed forest settings typified at the
refuge, it is clear that achievement of this goal requires
active forest management to maintain old-growth forest
habitats. Therefore, creation of old-growth habitat was
seen as a necessary means to achieve the fundamental
objective. Because “sustainability” is a key attribute,

an objective for habitat management was defined with

a long time horizon. The management objective for the
project was the accumulation of the largest sum of annual
amounts (hectares) of old-growth pine forest (80 years
and older) over a very long time (1,000 years).

Management alternatives. Annual forest harvest and
regeneration activities are the means by which managers
pursue a future stream of old-growth forest habitat. The
refuge’s forest managers take these actions for broad age
classes of the forest. Pine stands in the refuge are classi-
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fied into one of four age groups: P1 (age 0 to 16 years),
P2 (age 16 to 40 years), P3 (age 40 to 80 years), and P4
(“old-growth” forest, age 80+ years). Managers contract
with private operators to harvest trees in the three older
groups (P2 to P4) that produce merchantable timber.
Therefore, management alternatives each year are the
total amounts of timber harvest from each of the classes
P2 through P4. This decision applies to the total annual
amounts of harvest, but the specific stands from which
timber is cut are determined according to a compartment
rotational schedule.

Models. The total forest area of the Piedmont refuge
is portrayed at any time as a distribution among five
distinct forest types: the four pine classes P1 to P4, and
an upland hardwood class, UH. The distribution of these
types changes from year to year as a result of transitions
among the classes, which are influenced by factors that
managers control (harvest) and factors that they do not.
Harvest moves portions of classes P2 through P4 into
class P1. Growth advances portions of younger pine
classes into older classes. Random disturbances such as
wind, storms, or insect infestations cause portions of the
age classes to transition to P1. Annual forest succession
results in transition to type UH by portions of all pine
types. Parameters that describe these transitions either
exist or can be reasonably inferred, except those for
hardwood succession. The limited data that exist provide
a wide range of plausible rates of succession. To account
for this uncertainty, three models were constructed with

different rates of hardwood succession. Given a current
forest state (the distribution of Piedmont refuge forest
among forest types) and a management action (amount
of harvest from each class, P2 through P4), each model
generates a distinct prediction of forest state in the next
year. The models have different implications about the
maximum amount of old-growth pine forest that can be
sustained through harvest, as well as the means by which
to achieve that outcome.

Monitoring protocols. The annual sampling plan
includes basal area, over-story density, stand type, and
stand age. These data provide a means of measuring forest
composition for decision making and assessment of the
predictive quality of the models. However, the annual
surveys are conducted on only one of eight subsets of
the refuge’s 34 management compartments each year. A
survey of the entire refuge therefore is accomplished every
8 years. At longer but irregular intervals, a complete forest
assessment is available through interpretation of remotely
sensed data. To integrate the time step of monitoring (8+
years) fully with the time step of model prediction and
decision making, either of two approaches can be used.
One is to conduct an annual forest-wide survey for the key
variables of interest, perhaps at reduced spatial density and
in conjunction with some other type of resource monitoring
(e.g., bird counts). Another option is to recast the decision
framework in a time step that more closely matches the
temporal resolution of the available data. For example,
recasting the problem in an 8-year time step would produce
an 8-year schedule of actions (but also an 8-year time
interval between learning opportunities).

Iterative phase for the pine forest and wood-
pecker project

Decision making. With knowledge of the current
composition of the refuge forest and uncertainty about
the rates of hardwood succession, forest managers reach a
decision each year about the total amount to cut out of the
P2, P3, and P4 pine forest classes to sustain a maximum
amount of old-growth forest. Optimal decision analysis
with adaptive stochastic dynamic programming accounts
for the current forest composition, degree of uncertainty
about hardwood succession, and future forest dynamics
resulting from a current harvest decision. A critical feature
of the decision analysis is that it explicitly includes the
possibility of learning to help resolve uncertainty and
improve long-term management. In effect, “experimental”
actions, which involve some near-term resource sacrifice
but have the potential for longer-term resource gain, are to
be compared with actions that preserve short-term gain but
offer little expectation of learning.



Post-decision monitoring. Refuge biologists conduct
a systematic (grid-based) sampling of the forests each year
over a subset of the 34 management areas that constitute
the refuge. The current scheme of rotational timber surveys
results in opportunities for model assessment only every 8
years, whereas changes in forest states are perceptible over
much shorter time periods. An alternative that includes
annual assessment of refuge-wide forest state (with lower
spatial density of sampling points and collection of the
most critical variables for decision making) would provide
the information for incremental updates of knowledge
about forest dynamics before each decision.

Assessment. Each of the three alternative models
generates a distinct prediction of the forest state following
a harvest decision. Forest monitoring data that are
collected before the next action provide a means of
assessing how well the models perform. For example,
the amount of P4 forest occurring at the next time period
is one of the state components predicted by each model.
Because the models contain random mechanisms (to
mimic random disturbances and other random transi-
tions), each model predicts a distribution of P4 forest
amounts rather than a single value. These distributions
are compared with the monitoring data characterizing the
amount of forest-wide P4.

Learning and feedback. At each time step in the
decision-making process, the three models are evaluated
with monitoring data and the outcomes are accumulated
in model credibility weights. If a model’s prediction
agrees well with the data, its credibility increases. If a
model’s prediction agrees poorly, its credibility declines.
The updating of weights is accomplished through
application of Bayes’ rule each year. Because credibility
is gained by some models and lost by others, uncertainty
about hardwood succession is successively reduced, and
the quality of future decision making improves. After the
learning and feedback step, the adaptive management
cycle is completed when the forest manager uses the new
information about model credibility in making decisions.

Institutional learning. A closer integration of the
current monitoring program with the decision structure
would permit a more informed implementation of an
adaptive framework for forest decision making on the
Piedmont refuge. At some time after implementation,
there may be a need to review and revise elements of
the process. For example, the management objective
currently has no component that reflects the cost of
producing P4 habitat. A cost component could be
incorporated, which could include real financial costs of
carrying out the harvest actions or the ecological costs
borne by other species in the conversion of suitable forest
habitat to unsuitable early succession habitat. Another
example would be the possibility of learning over time
that hardwood succession is so rapid that it makes the
creation of any meaningful amount of old-growth habitat
an unreasonable prospect. Such a finding could stimulate
a search for new management alternatives, such as the
installation of artificial cavities in younger stands that are
less vulnerable to hardwood succession.
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7.4. Golden eagles in Denali
National Park

Throughout the Northern Hemisphere, the golden
eagle is the pre-eminent diurnal predator of medium-sized
birds and mammals in open country. The mountainous
regions of Alaska’s Denali National Park support
the highest nesting density of golden eagles in North
America, with abundant snowshoe hares, ptarmigan,
and other prey and undisturbed cliffs for nests that are
used over decades or even centuries. Nesting eagles are
sensitive to human disturbance, and the National Park
Service must limit human presence near nest sites in
order to maintain Denali’s eagle population. During their
reproductive cycle of nest repair, egg-laying, and brood
rearing, eagles may occupy any of nearly 100 potential
nesting sites across the northeastern part of the park
between March and September. Denali is also a premier
destination for wilderness recreation during the summer
months, during which back-country hiking, airplane tours,
and other recreational activities may negatively affect the
occupancy of potential nesting sites by eagles and there-

fore reduce overall breeding success. In 2007, National
Park Service biologists and managers at Denali began
collaboration with U.S. Geological Survey scientists

to develop an adaptive management project to manage
human disturbance of nesting golden eagles.

Set-up phase for the golden eagle project

Stakeholder involvement. Stakeholders for this
project consist of a small group of federal agency
managers and scientists. National Park Service managers
include the inventory and monitoring coordinator for the
Central Alaska Network and the biologist responsible for
the annual eagle monitoring program. Collaborators from
the U.S. Geological Survey include an Alaska Science
Center scientist familiar with the eagles and with adaptive
management, and two scientists from Patuxent Wildlife
Research Center with expertise in animal monitoring
methods and decision analysis. The superintendent of
Denali National Park is the ultimate decision maker for
any Denali management efforts.

Management objectives. Objectives for national
parks usually include conservation of natural areas and
ecological systems, as well as facilitation of human enjoy-
ment and use. Park managers are aware that these two
basic objectives may be in conflict. The general objectives
of Denali’s adaptive management project are to maintain
eagle numbers at historical levels while permitting
recreational use of the Park. The adaptive management
working group specified a desired threshold number
of golden eagle nesting territories at which successful
breeding occurs. The primary management action for
Denali managers is the closure of potential nesting sites
to recreational hikers. Thus, the specific objective was to
maximize the number of potential nesting sites that are
open to hikers, subject to the constraint that the projected
number of successful breeding sites the next season
exceeds the established threshold.




Management alternatives. Adaptive management
focuses on hiker disturbance. Of all potential nest sites,
only those near the main road through Denali were
thought to be exposed to hiker disturbance. The potential
management actions thus involved closure of as many
as all of these sites, or closure of as few as none. The
specific management decision was how many of these
sites to close to hiking next season, on the basis of infor-
mation obtained about eagle occupancy and reproductive
success during the current breeding season.

Models. The previous monitoring efforts provided
a useful data set for an analysis in which occupancy
estimation models accounting for detectability were
fitted to historical monitoring data. These analyses
suggested that the proportion of eagle nest sites at which
successful reproduction occurs is affected by both human
disturbance and snowshoe hare (prey) abundance. These
relationships were incorporated into one model of eagle
occupancy and reproductive success. However, the
evidence in favor of this model was not overwhelming,
and there was substantial uncertainty about factors
influencing eagle occupancy and reproductive success.
This uncertainty was expressed by the development of
two additional models. One depicted virtually no effect
of disturbance on eagle reproductive success, whereas
the other reflected a strong effect. The data-based model
was intermediate between these extreme models in terms
of human disturbance effects. Reduction of this uncer-
tainty (i.e., settling on a single most plausible model) is
expected to lead to improved management.

Monitoring protocols. The replicated surveys of all
potential nesting sites each breeding season provide the
information needed to estimate the proportion of sites
occupied by eagles and the proportion of sites at which
successful reproduction occurs. Data on hare abundance
collected during these surveys provide an index of hare
abundance. These quantities then become the predictors
of subsequent eagle occupancy and reproductive success
in all three management models.

Iterative phase for the golden eagle project

Decision making. Objectives, actions, models, and
current understanding were used with dynamic optimiza-
tion to produce optimal decision matrices. To use these
matrices the manager simply needs to specify the current
condition of the system (eagle occupancy and reproduc-
tive success, hare abundance) on the basis of the most
recent monitoring results. An optimal management action
is then identified for each of the possible estimates of
eagle and hare “state.”

Post-decision monitoring. The current monitoring
program will continue throughout the adaptive manage-
ment project. All potential nest sites are visited by
helicopter and on foot in the spring and summer. For
inference about occupancy, sites are visited on multiple
occasions until eagles are detected, with a maximum of
three visits per site. Each site at which eagles are detected
is visited again in July to assess reproductive success.
Data (fecal pellet counts) for a hare abundance index are
collected at each site as well.
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Assessment. Each of the three alternative models
generates a distinct prediction about the proportion of
sites that are expected to be occupied by eagles the next
season and the fraction of those at which reproduction
is successful. The predictions are not single values but
distributions of values, reflecting the uncertainty of any
predictive process. These predictions are then used in the
subsequent learning phase.

Learning and feedback. Comparisons of the model-
based predictions with the monitoring estimates of eagle
occupancy and reproductive success provide information
about the predictive abilities of each model, with changes
in the measures based on a comparison with monitoring
estimates. Specifically, the adaptive management process
includes measures of relative credibility for each model.
The changes in credibility measures effectively modify
the influence of each model in the decision process so
that models that are better predictors gain more influence.
Changes in these measures provide a quantitative measure
of learning.

Institutional learning. A monitoring program for
golden eagles has been ongoing for over two decades,
and the current management program provides an explicit
process for using monitoring information directly to make
management decisions. After some experience with this
program, a logical next step would be to consider other
potential sources of disturbance such as airplane flights
for tourists. Future management actions in this case would ;
entail specification of flight paths that limit potential % - A ‘.
disturbance to eagle nest sites. Another extension might r "
be to incorporate annual estimates of the annual numbers
* of visitors at the sites.
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The Department of the Interior and other natural
resource organizations must grapple with critical deci-
sions affecting our nation’s resources and environment.
These decisions bear directly on management of our lands
and waters, the development of renewable and non-
renewable energy, and our responses to climate change
and the continuing alteration of nature by human activi-
ties. It will be increasingly important to make resource
decisions in a structured and transparent way that is based
on science and accounts for uncertainty. Because adaptive
management meets these conditions, it can be a valuable
template for effective decision making by managers in the
DOI bureaus.

In this guide we have described the components of
adaptive management as interconnected and mutually
reinforcing. We’ve argued that models and management
alternatives need to be developed synergistically and
framed in terms of learning and management objectives.
A critical assumption underlying the adaptive manage-
ment framework is that science activities (modeling,
decision analysis, assessment, learning/feedback) are
embedded in a context of natural resource management,
where learning is valued because it contributes
to management.

Adaptive management and planning

We have characterized adaptive management in
this guide in terms of a set-up or deliberative phase in
which the elements of adaptive decision making are
developed and refined, and an iterative phase in which
those elements are incorporated into an ongoing cycle of
decision making, monitoring, assessment, and learning
(Figure 2.2). However, adaptive decision making also
can be usefully portrayed in terms of planning and
learning. For example, the adaptive learning cycle is
often described as a cycle of planning, implementation,
tracking, and feedback (U.S. Fish and Wildlife Service
2006; Figure 8.1).

There are natural linkages between these two
perspectives. For example, one can recognize the essential
elements of strategic planning (the setting of objectives,
selection of alternatives, prediction of consequences,
metrics for tracking results, etc.) in our set-up phase. On
the other hand, the elements of strategy implementation,
such as monitoring, feedback, and adjustment, are repre-

Figure 8.1. The adaptive cycle in terms of planning,
implementation, and evaluation and learning.

sented in our iterative phase. Finally, the larger adaptive
cycle of institutional learning and adaptation is expressed
through double-loop learning. In this sense, adaptive deci-
sion making can be seen as an ongoing cycle of planning,
implementation, and learning.

The [ractices cumﬂen@ used for natural resources
man@emenfin D09 have the /mfenﬁ&:/ fo be z’ncorpomz‘e/
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All government agencies are currently engaged in both
strategic planning and the tracking of results in plan
implementation. Thus, their business practices already
involve many of the important elements of adaptive
management. A remaining need is to incorporate
learning as a fundamental element of strategic planning
and implementation, whereby the learning resulting
from monitoring and assessment is fed back into future
planning. By proactively linking plan implementation to
plan development through a learning process, the adap-
tive cycle of learning-based management is completed
and becomes standard business practice. A number of



important questions need to be addressed in completing
the cycle — for example, how to recognize and represent
uncertainty, how to track it over time, and how to reduce
it efficiently through learning-based management.
Nevertheless, the practices currently used for natural
resources management in DOI have the potential to be
incorporated naturally into an adaptive approach.

Stakeholder compromise

Active stakeholder engagement helps parties learn
from each other, find areas of common ground, and build

trust in developing management strategies collaboratively.

Among other things, collaboration reinforces the sharing
of viewpoints and objectives, and promotes efforts to
find acceptable management options among stakeholders.
When effectively managed, active stakeholder engage-
ment can help to avoid the paralysis that otherwise can be
induced by uncertainty (or disagreement) about manage-
ment impacts and the controversy that uncertainty brings.

However, the challenges in managing stakeholder
involvement should not be underestimated. Strong
disagreements among stakeholders about management
objectives, alternatives, and consequences are common
in natural resource management. Without a process for
revisiting these elements as management proceeds over
time, stakeholder commitments to decision making by
consensus can easily collapse into confrontation and even
litigation. It is much easier to agree to move forward
with a management strategy if everyone understands
that objectives, management alternatives, and the other
elements of decision making can be reviewed and rene-
gotiated as new evidence about management performance
becomes available. Such an arrangement offers an
incentive to stakeholders to agree on an initial strategy
that involves compromise on all sides. On the other hand,
negotiation to establish a fixed and inflexible strategy
leaves all parties with less flexibility as they hold out for
their ideal conditions because they think the outcome
can’t be changed.

The point here is that a possibility of learning from
system performance, and then adjusting management
strategy based on what is learned, can foster collaboration
and aid decision making. In that sense, the expression and
treatment of uncertainty, which is one of the key challenges
in adaptive decision making, is also one of its strengths.




Synthesis of advances in adaptive management

Two broad focus groups have worked more or less in
parallel but independently to develop adaptive manage-
ment of natural resources. One group focuses on technical
issues (models, metrics and propagation of uncertainty,
projection of the future consequences of present actions,
optimal decision making in the face of uncertainty). This
guide provides a framework for incorporating these issues
into the process of adaptive decision making. The other
group focuses on collaboration (institutions, stakeholders,
cooperative interactions, elicitation of stakeholder
values and perspectives). Throughout this guide we have
pointed out the latter issues, and in particular the role of
stakeholders in all aspects of adaptive decision making.
The many examples we include here all emphasize the
importance of incorporating stakeholder values when
identifying objectives, acceptable management alterna-
tives, and models that express stakeholders’ perspectives.

At present, the collaborative and technical thrusts in
adaptive management are being pursued separately. For
the most part, researchers, practitioners, and even organi-
zations tend to emphasize either one thrust or the other.
The challenge is ultimately to join the two in a more
unified vision and process in which each reinforces and
strengthens the other. We hope this guide will promote
that integration.

Applications of adaptive management in the
thematic areas

Although we have emphasized four thematic areas
that are important to DOI, the practice of adaptive
management is not developed evenly in these areas. For
example, there are many examples in the area of human/
natural interactions, and few in climate change. In part
this is because the roots of adaptive management are
in renewable natural resources, especially biological
resources. Applications of adaptive decision making have
been documented for many different biological problems,
such as fish and wildlife harvest, insect pest control,
endangered species recovery, invasive species control,
and wetland management. The examples of adaptive deci-
sion making in biology are extensive and varied, as one
might expect of applications developed over the course of
more than 40 years.
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Conversely, climate change has only recently become
a principal focus of conservationists and managers,
and is yet to mature as a field of investigation with an
agreed-upon conceptual and methodological framework.
Under these circumstances it is reasonable to expect
fewer examples of adaptive decision making for climate
change mitigation and adaptation. But opportunities for
adaptive decision making are likely to grow rapidly,
because systemic environmental change, whether a
manifestation of long-term climate patterns or the result
of human-induced landscape alterations, almost certainly
will continue well into the future. Environmental change
will continue to produce highly uncertain changes in
natural resource systems, and resource managers will
have to learn about these systems as they are changing.
In this guide we have suggested some ways of framing
this problem in terms of adaptive management, but much
more work needs to be done. As the urgency of coping
with long-term environmental change increases, there
is little doubt that the breadth of adaptive management
applications will increase as well.

Adaptive management and ecosystem services

Like all strategic approaches to the management
of natural resources, adaptive decision making can
have unintended consequences, often for resources that
aren’t the target of the application. Such impacts are
often inadequately monitored. The developing field of
ecosystem services can contribute to a framework for
evaluating management impacts on the quantity and
value of services provided by ecosystem attributes and
processes. Its integration into adaptive management can
be seen most clearly in the production and valuation of
ecosystem services, the integration of these values into
objectives, and the prediction of changes in ecosystem
services and their valuation with models. The connections
between adaptive management and ecosystem services
need further research, but there are obvious opportuni-
ties for collaboration between these important fields of
investigation.

Adaptive management and sustainability

Throughout this guide we have emphasized the
importance of accounting for the future consequences
of present actions. The idea of change over time is
fundamental to adaptive management, whether in terms of
changing environmental conditions, repeated adjustment
of management strategies, or the use of dynamic models
that characterize resource changes. By its very nature,
adaptive management requires us to sustain resource
structures and functions in order to sustain the ecosystem
values that contribute to long-term objectives. In
particular, adaptive decision making has to be flexible and
resilient enough to respond to the inevitable surprises that
arise in resource management; only then can ecosystems
and their values be dependably maintained in the future.
Resilience, vulnerability, and risk all have important
roles in adaptive decision making, and their linkages need
further examination and development.
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Native prairie restoration on the northern Great Plains

Less than 3 percent of the original vast landscape of native prairies survives across the northern Great Plains. Invasive
plant species compound the threats to remnant prairies from habitat fragmentation and development. Prairie grasses and
wildflowers such as sideoats grama, big bluestem, prairie blazingstar, and ox-eye sunflower are being overgrown by
invasions of cool-season exotic grasses like smooth brome and Kentucky bluegrass, mainly because of the elimination
of fire. The restoration of native plant composition in tall-grass and mixed-grass prairies helps to reverse environmental
damage, improve water quality, preserve animal habitats, and support species diversity. On national wildlife refuges

in the northern Great Plains states, fire and other disturbances such as grazing and haying have been suppressed for
decades. By reintroducing disturbance, refuge managers hope to control invasive plants and restore a high proportion
of native species. Given the current state of a particular refuge, managers face annual decisions about whether to burn,
graze, or hay at all — and if so, which option, and in what manner of application. The biology of the system is poorly
understood, as are the effects of treatments, particularly over the long time frames relevant to restoration. Therefore,
refuge managers use adaptive management to overcome uncertainty about the best treatment to apply at each point in
time to reach the long-term objective of high native composition at least cost.

Endangered mussel translocation

Almost one-third of the world’s freshwater mussel species occur in the continental United States, which has the world’s
most diverse mussel fauna. Yet in the last 100 years, no other wide-ranging group has suffered a greater decline.
Mussels are filter feeders that are important conduits of the energy fixed by phytoplankton photosynthesis to other parts
of the food web. They filter contaminants, sediments, and nutrients from the water column, and hence are sensitive

to siltation, pollution, agricultural runoff, impoundments, and invasive species. Their presence (or absence) is a good
indicator of water quality and the integrity of ecological processes in a watershed. Northern riffleshell mussels have
disappeared from their former range in the Ohio and Maumee River drainages to such a degree that they are now endan-
gered. When bridge construction on the Allegheny River resulted in a formal Endangered Species Act consultation with
the Fish and Wildlife Service, a mussel relocation program was mandated. Almost 1,800 riffleshells from the Allegheny
were translocated to eight sites in a 2-mile reach of the Big Darby Creek, Ohio, where a small remnant population still
existed within the species’ historic range. Translocation will continue to be an important recovery strategy, and adap-
tive management will be used to apply information about the conditions most conducive to survival and reproductive
success of the Big Darby mussels to future mussel restoration efforts.

Wyoming Landscape Conservation Initiative

Wyoming’s Green River basin contains some of the nation’s best sagebrush, mountain shrub, aspen, and riverine habi-
tats. These habitats are crucial for deer, elk, bighorn sheep, pronghorn antelope, and threatened sagebrush-dependent
species such as the greater sage grouse and pygmy rabbit. Almost three-quarters of the basin’s 6 million hectares are
public lands; the remaining lands consist of family farms and ranches. Abundant reserves of minerals and natural

gas, oil, coal, and wind make the area a hotspot of industrial energy development. The Bureau of Land Management
manages federal land and grants leases for energy development. The Wyoming Landscape Conservation Initiative was
launched in 2007 to conserve and enhance wildlife habitat as much as possible in areas of oil, gas, and other resource
development. It is a consortium of federal, state, and local agencies; environmental and recreation groups; industry;
and private landowners. As energy operations continue, adaptive management will be used to share information among
stakeholders, prioritize habitat enhancement projects, and advocate best practices in reclamation and mitigation of
industrial development.
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New England shrub habitats for rabbits and migratory birds

Profound alterations in land use have resulted in loss of early successional forest habitats characterized by thickets

of native shrubs in the northeastern United States. The introduction of aggressive exotic invasive species such as the
multiflora rose, glossy buckthorn, and honeysuckles, which choke native shrubs, has changed the vegetative composi-
tion of the thicket habitats available to species that depend on these habitats. The New England cottontail rabbit and
Neotropical migrant birds like warblers and vireos have declined along with native shrub communities. The New
England cottontail is a candidate for federal listing under the Endangered Species Act and requires shrub habitats with a
high stem density. Fall-migrating land birds rest and feed in thicket habitats, gaining energy from fruits of several native
shrub species. Managers of National Wildlife Refuges want to restore biological integrity and diversity of shrub habitats
sufficient to support migrant land birds and a sustainable population of New England cottontail rabbits. Vegetation
treatment options include low- and medium-intensity treatments that incorporate a combination of mechanical and
chemical means to control invasive species, and methods to propagate native shrubs. Adaptive management will be used
to determine how much effort is needed to restore native shrub communities at the lowest cost.

Etowah River endangered stream fishes

The southern Appalachian highlands are a global hotspot of fish endemism. The Etowah River in northwestern Georgia
supports four endemic fishes, as well as another eight species endemic to the greater Mobile River basin. These and
other aquatic species are at risk from urban development and population growth in the Atlanta metropolitan area. The
major aquatic stressor is storm-water runoff, in addition to sedimentation, road and utility line crossings, riparian buffer
loss, and reservoir impoundments. Three Etowah endemic fishes, darters in the perch family, are already federally listed
under the Endangered Species Act. The Act prohibits actions that result in harm to listed species or their habitats, unless
explicitly permitted. Adaptive management connects to Endangered Species Act processes by means of the Habitat
Conservation Plan (HCP). The Etowah HCP, presented to the Fish and Wildlife Service for approval, incorporates
concrete policies (such as runoff limits) for reducing the impacts of urbanization on the endangered darters. It uses
models to predict species abundance given HCP implementation, and requires monitoring to provide new information
on fishes’ responses to development. If actual responses differ from those predicted, the HCP will allow adjustment of
urban development policies.

Blanca wetlands

For thousands of years, the lakes, marshes, and shallow playa basins of the San Luis Valley in southern Colorado filled
with snow-melt runoff in late spring and were dry by late summer. By 1950, the basins had dried up entirely due to
drainage, wetland loss, and diversion of traditional source waters. In 1965, the Bureau of Land Management began

a series of wildlife habitat projects to restore some of the San Luis Valley’s dry playa basins to their historic wetland
characteristics. Today, the Blanca wetlands site is intensively managed for waterbird, waterfowl, and shorebird habitat.
It encompasses over 6,200 hectares of low dunes and depressions that are seasonally flooded by artesian water or canals.
As water flows by gravity through the reserve, ponds, marshes, subsaline wetlands, and hypersaline playas are produced
sequentially, resulting in a diverse mosaic of wetland habitats. Blanca is one of Colorado’s most significant wetland
areas, with breeding populations of the white-faced ibis and western snowy plover as well as native amphibians.
Adaptive management is used to manage local water flows in order to produce the salinity levels and seasonal vegeta-
tion needed by particular species groups.

Cape Cod National Seashore wind turbines
The seas off Cape Cod, a peninsula that extends nearly 100 kilometers into the Atlantic Ocean off the coast of

Massachusetts, have been called an ocean graveyard. Legendary marine storms have resulted in a rich maritime history.
Over 3,000 shipwrecks occurred on the Cape over the past 300 years, with an average of 2 wrecks every month during
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the winters of the early 1800s. Lighthouses lit by whale-oil lamps, and an efficient lifesaving service put in place by the
national government in 1872, helped to reduce the number of shipwreck casualties. Today, the National Park Service
manages many unique historic structures and cultural resources associated with the Cape’s maritime past, as well as its
marine and terrestrial ecosystems, protected in nearly 18,000 hectares of the Cape Cod National Seashore. The winds
that once drove ships into treacherous shoals will be used to run wind turbines at two locations in the park. The National
Park Service’s Climate Friendly Parks program aims to power park facilities sustainably, with reduced greenhouse gas
emissions. Adaptive management will be used to adjust turbine operations daily or seasonally in order to minimize
collisions with bats and birds, which themselves are important park resources.

Prairie pothole restoration

When the glaciers of the last ice age receded from the upper Midwest, they left behind millions of shallow depressions —
prairie potholes — that fill with snow-melt and rain in the spring. The prairie pothole region is the heart of what was once
the world’s largest grassland. Millions of ducks and geese pass through this region each spring to nest in the grasslands.
It is also important migration habitat for waterfowl breeding in the northern boreal forests and the Arctic. In addition

to providing habitat for waterfowl and many other animal species, the pothole wetlands control floods, filter out sedi-
ments and contaminants, and recharge groundwater. From the 1950s to the 1980s, thousands of these small wetlands in
North and South Dakota and parts of Nebraska, Minnesota, and lowa were drained, filled, and converted to agriculture.
Now, the Minnesota Private Lands Program, part of the National Wildlife Refuge System, the U.S. Department of
Agriculture’s Natural Resources Conservation Service, and the Minnesota Department of Natural Resources are collabo-
rating with private landowners to restore prairie pothole wetlands in Minnesota. Their objective is to restore healthy,
functioning wetlands across the landscape for waterfowl and migratory bird breeding habitat. Removing the extra sedi-
ment from the historic basin as part of the restoration process may expose the native seed bank, thus supporting native
wetland revegetation. The primary uncertainty is whether or not sediment excavation, in addition to the usual practice of
restoring hydrology, will lead to a higher-quality wetland restoration than simply restoring hydrology. Adaptive manage-
ment is being used to determine if the benefit of sediment removal justifies the additional cost.

Las Cienegas

A small part of the area that was once the 400,000-hectare Empire Ranch in southeast Arizona contains some of the
rarest habitat types in the Southwest. The cienegas (marshlands), riparian cottonwood—willow forests, sacaton grass-
lands, mesquite bosques, and semi-desert grasslands are part of 18,000 hectares of grassland and oak savanna woodland,
the Las Cienegas National Conservation Area, watered by the perennial stream of the Cienega Creek. The area, now part
of the Bureau of Land Management’s National Landscape Conservation System, was acquired by the Bureau in 1988
and was designated a national conservation area in 2000. It supports six endangered species and many other special
status species, such as the threatened Chiricahua leopard frog. The historic Empire Ranch house has been preserved,
cattle-grazing operations continue under a Bureau of Land Management lease within the conservation area. Because

the area is only an hour from Tucson, development threatens these protected lands with overuse of water, introduction
of exotic invasive plant and animal species, and other problems. Adaptive management is used to manage vegetation
treatments for grassland restoration in upland areas, and to manage aquatic habitats for federally listed species.

Columbia River chinook salmon

For hundreds of miles upstream, the rivers of the Northwest once boiled with millions of chinook and other salmon
migrating from the Pacific Ocean to spawn in the streams of their birth. After years at sea, each fish finds its way home
to its own natal stream. By the 1890s, dams were affecting salmon runs. Hydroelectric, flood-control, and irrigation
projects eventually reduced the area available to salmon by half and led to precipitous declines. Today, out of approxi-
mately 1,000 native migratory salmon stocks on the West Coast, 106 are extinct and 314 are at risk of extinction. In the
Columbia River, there are three major races of chinook, which enter the river in spring, summer, or fall runs. The races
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also vary in the age and timing of descent to the sea by the finger-sized juveniles. The Columbia’s fall chinook stock is
one of the more productive naturally reproducing stocks in a river system where many salmonids are declining. River
flows modified by upstream hydropower dams have been found to be a major factor affecting fall chinook production.
Inadequate water supply and extreme fluctuations in water releases have caused spawning grounds to dry out, thus kill-
ing eggs and young fish. In a complex regulatory milieu involving federally and privately owned dams, federal and state
agencies, and Indian nations, conditions for dam relicensing by the Federal Energy Regulatory Commission resulted in
a program of specific water releases to help limit the risk that fish will spawn in areas that dry out. Within the constraint
of maintaining hydropower supply, adaptive management is being used to manipulate flows to protect spawning grounds
and thus enhance fall chinook reproduction and recruitment in the Hanford Reach of the Columbia.

Florida scrub-jay habitat

The endemic Florida scrub-jay is designated as threatened under the Endangered Species Act. Scrub-jays are restricted
to Florida scrub, a rare habitat characterized by evergreen, xeromorphic shrubs including oaks, repent palms, and erica-
ceous shrubs. Scrub is maintained by frequent fires; however, fire suppression and landscape fragmentation over many
years have produced scrub communities that no longer can support scrub-jay populations. Scrub-jays at Merritt Island
National Wildlife Refuge and adjacent government properties constitute a core population within the species’ shrinking
range. Though the refuge contains over 8,500 hectares of oak scrub, in 2005 only 23 percent was considered to be in
optimal condition for scrub-jays. Since 1993 more emphasis has been placed on restoration and maintenance of wildlife
habitat, but refuge managers face constraints on the timing and location of burns because of fire and smoke hazards to
the nearby Kennedy Space Center and neighboring cities, suburbs, and the Cape Canaveral Air Force Station. Given
these constraints, managers must decide what frequency of fire in a collection of management units will best ensure

the long-term persistence of the refuge’s scrub-jay population. Scrub sites with a long history of fire suppression also
require cutting of the scrub to ensure an effective burn. Decisions concerning cutting and prescribed burning are difficult
because of incomplete understanding of fire dynamics, plant community succession, and the demographic responses

of scrub-jays to environmental factors. Adaptive management identifies management strategies that account for these
uncertainties, while using what is learned to adjust and improve scrub management over time.

Tallapoosa River — R.L. Harris Dam

Extensive hydropower development has altered riverine habitats in the southeastern United States, which is a global
center of freshwater fish and invertebrate diversity. The Tallapoosa River in east central Alabama is a priority area for
aquatic conservation, with a native fish assemblage of 57 species, including 5 species endemic to the Tallapoosa River
system. Of these, four fishes and one mussel are considered to be “at risk” by the Fish and Wildlife Service. Fish and
invertebrate populations in one of the highest-quality segments of Tallapoosa habitat were threatened with extirpation by
extreme low flows, flow instability, and altered temperatures resulting from daily pulsed flow releases for hydropower

at the utility-owned R.L. Harris Dam. The Fish and Wildlife Service has been evaluating relicensing of more than 200
dams in the southeastern United States — including the Harris dam — that are licensed by the Federal Energy Regulatory
Commission (FERC). Through the Southern Rivers Integrated Science Initiative, the Service has recognized the great
need for new approaches to evaluate dam relicensing, and new strategies to mitigate the impacts of dam operations on
aquatic communities. Rather than the one-time fixed flow regime typical of FERC relicensing prescriptions, adaptive
management has been used on the Tallapoosa since 2005 to allow for the adjustment of flow management based on what
is learned from system responses. This project is intended to provide a template for incorporating adaptive management
and decision support into the FERC relicensing process.

Red knots and horseshoe crabs
The sandy beaches of Delaware Bay in Delaware and New Jersey are globally important spawning grounds for Atlantic

horseshoe crabs and stopover habitat for long-distance migratory shorebirds such as the red knot. Annually, the birds
stop in Delaware Bay during May to rest and replenish their energy reserves while migrating from wintering grounds
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in temperate and tropical regions to breeding grounds in Arctic regions. They stop in the bay to exploit the seasonally
superabundant horseshoe crab eggs deposited on the beaches by millions of crabs that spawn during the lunar tides each
spring. Throughout the 1990s a growing and unregulated harvest of horseshoe crabs for use as bait in eel and whelk fish-
eries led to a decline in numbers of spawning crabs. In the late 1990s, monitoring data began to show major declines in
red knot abundance. Shorebird scientists and advocacy groups blamed horseshoe crab fishing as the root cause of the red
knot decline, while other scientists and horseshoe crab fishermen’s groups argued that red knots are not solely reliant on
horseshoe crab eggs for food, and that some other environmental factor must be responsible for the decline in red knot
numbers. Conservationists called for a complete cessation of horseshoe crab fishing in the Delaware Bay, while others
called for moderate regulations to protect the horseshoe crab fishery. Adaptive management was initiated on this conten-
tious issue, with a goal of identifying a sustainable horseshoe crab harvest strategy that protects red knots and enables
learning about how the system functions.

Red-cockaded woodpeckers in southeastern pine forests

The endangered red-cockaded woodpecker is a cooperatively breeding bird whose social system depends on mature old-
growth pine forests of the southeastern United States. Family groups, including helpers at the nest, may be as large as
nine birds. A woodpecker group roosts and nests in a cluster of living pines in which cavities have been excavated; each
bird has its own cavity for roosting. The cluster may include 1 to 30 cavity trees. Preferred cluster sites are mature, park-
like pine stands about 4 hectares in area; the group defends a territory of perhaps 80 hectares around the cluster. Birds
select very old trees for the excavation of nesting cavities; other habitat requirements include few or no midstory trees
and the presence of an adequate understory, but the old-growth condition is the underlying requirement. These habitat
conditions were routinely met by the historic disturbances that shaped the pine forests. Red-cockaded woodpeckers once
occurred in other forest types from New Jersey to Florida and west to Oklahoma and Missouri, including loblolly pine
forests of the Piedmont. The Recovery Plan for the species calls for establishment of primary and secondary populations
across different forest types and provinces. One recovery target is the Fish and Wildlife Service’s Piedmont National
Wildlife Refuge and Chattahoochee—Oconee National Forest complex in central Georgia. These lands came into federal
ownership in the 1930s after the collapse of cotton farming in the region, after which forests of mixed loblolly pine and
hardwoods have become established. The red-cockaded woodpecker population in this forest complex is the largest in
the Piedmont physiographic province. Creation and long-term maintenance of old-growth forest is critical for sustain-
ing this population. Adaptive management is used to account for uncertainty about the maximum attainable amount of
old-growth loblolly pine forest, and to make decisions about the harvest strategy to obtain the most old-growth habitat
over the long term.

Golden eagles in Denali

Throughout the Northern Hemisphere, the golden eagle is the pre-eminent diurnal predator of

medium-sized birds and mammals in open country. The mountainous regions of Alaska’s Denali National Park support
the highest nesting density of golden eagles in North America, with undisturbed cliffs for nests that are used over
decades or even centuries, and abundant snowshoe hares, ptarmigan, and other prey. Nesting eagles are sensitive to
human disturbance, and the National Park Service must limit human presence near nest sites in order to maintain
Denali’s eagle population. Eagles may occupy any of nearly 100 potential nesting sites across the northeastern part of
the park between March and September during the course of their reproductive cycle of nest repair, egg-laying, and
rearing eaglets to independence. This means that a large portion of Denali, a premier national wilderness recreation
destination during the summer months, could potentially be off limits to hiking and other enjoyment of the park. To
reconcile the conflicting demands of maximizing recreational access to as much of the park as possible, and minimizing
disturbance of nesting eagles, the national park uses adaptive management to make annual decisions about whether and
how much to limit recreational hiking near nesting areas.
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Five Rivers forest landscape management study

The towering forests of the Pacific Northwest, growing over the course of millennia, have shaped the evolution of
many species dependent on late-succession and riparian habitat. For example, the marbled murrelet, a coastal seabird,
requires mature old-growth forest for nesting; the northern spotted owl, a predatory nocturnal bird, hunts and breeds

in old-growth stands; and the Siskiyou Mountains salamander, an endemic amphibian, is found only in deep forests
along the Oregon—Washington border. The Northwest Forest Plan revolutionized management of federal lands in the
Pacific Northwest to accommodate these and other species, which were thought to be declining as a result of extensive
timber production that eliminated old-growth habitats. Management of many forest plantations, which make up about
50 percent of the land area in the central Oregon Coast Range, was redirected from producing timber to growing
late-successional stands. Uncertainty was clearly acknowledged by managers, who recognized that no one had ever
grown late-successional stands from plantations before. The Forest Service designed a landscape-scale project on 4,800
hectares of the Siuslaw National Forest to address the controversy about whether plantations should be thinned, and to
what degree, or whether they should be left to develop on their own. The project implemented adaptive management
in comparing three strategies with a standard random-block design. By developing the rationale for all strategies and
demonstrating their implementation, this study has already helped change forest management in coastal national forest
lands. One of the three strategies, involving wide commercial thinning of existing plantations to speed development of
late-successional vegetation structure, was previously controversial and has now become widely accepted.

Adaptive management of waterfowl hunting

Adaptive harvest management was developed to deal explicitly with multiple sources of uncertainty in the regula-

tion of sport waterfowl hunting in North America. Early each year, the Fish and Wildlife Service announces its intent

to establish waterfowl hunting regulations and provides the schedule of public rule-making under authority of the
Migratory Bird Treaty Act of 1918 (as amended) and other relevant laws. The agency director appoints a Migratory Bird
Regulations Committee with representatives of the Waterfowl Flyway Councils, which presides over the process and is
responsible for regulatory recommendations. Adaptive harvest management is the framework adopted by the Committee
to deal with uncertainty in the regulation of sport waterfowl hunting in North America, including uncontrolled environ-
mental variation, partial control of harvests, and uncertainty concerning waterfowl population dynamics and the impact
of harvest. The approach produces optimal regulatory policies that account for each possible combination of breeding
population size, environmental conditions, and the current level of understanding. A regulatory choice is identified

each year, and post-decision monitoring data are used to update biological understanding for the next year. In this way
harvest policy evolves adaptively over time as new knowledge is incorporated.

Biscuit Fire landscape management after the wildfire

Fire-adapted ecosystems were historically maintained in the Pacific Northwest by relatively frequent wildfires of low
to moderate intensity. In Oregon’s Siskiyou National Forest, an average of 8,000 hectares burned annually until the
1940s, but over the next 50 years that figure fell by almost 90 percent. Between 1940 and 1990, large, plume-driven
forest wildfires became uncommon in Oregon and Washington as a result of systematic and effective fire suppression.
However, an unintended consequence, the decades-long buildup of dead fuels, probably contributed to recently increas-
ing numbers of very large fires. In 2002, drought, heat, and other climate factors led to a series of Pacific Northwest
wildfires culminating in the nation’s biggest fire, the Biscuit Complex fire, which consumed about 200,000 hectares of
forest. The magnitude of the Biscuit fire and new mandates from the Northwest Forest Plan regarding late-succession
and riparian habitats created much uncertainty about the most appropriate forest management after a wildfire. Rather
than choosing the typical method of “salvage” logging and replanting, Forest Service researchers helped develop a peer-
reviewed study plan that was adopted in the final Record of Decision for the Biscuit Fire Recovery Project. Adaptive
management is being used to compare three competent management strategies on 14,500 hectares of land in the Rogue
River—Siskiyou National Forest and Medford District of the Bureau of Land Management, in order to understand better
how to manage forests after large wildfires.
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Laysan duck translocation

The Laysan duck represents a great success in endangered species recovery. It is a critically endangered dabbling duck
endemic to the Hawaiian islands; it became confined to Laysan Island after humans introduced rats to the Hawaiian
islands. The ducks do not disperse from Laysan today, but sub-fossil remains show that the species was once widespread
in the Hawaiian islands. Low abundance, random disasters, and the limited carrying capacity of the fragile ecosystems
on tiny islands are the main threats to its persistence. Since the severe contraction of the range from the main Hawaiian
islands, random events that have already occurred include the accidental introduction of noxious competitors (rabbits),
extreme weather (droughts, hurricanes), and disease epizootics (parasitic nematode, avian botulism). Twice during the
last century, the single population was pushed to the brink of extinction (in 1911, only 11 individuals remained). Living
on relatively low-lying islands, this species is now susceptible to climate change through sea-level rise and shifts in
suitable climatic conditions. Creation of other wild populations within the duck’s former range became a high priority
in the Fish and Wildlife Service’s Laysan Duck Recovery Plan. During 2004-2005, an initial translocation to Midway
Atoll, part of the National Wildlife Refuge System, established another breeding population. Additional populations on
different islands are planned in the northwestern Hawaiian islands, part of the Papahanaumokuakea Marine National
Monument, which is jointly managed by the Service and the National Oceanic and Atmospheric Administration, in
close coordination with the state of Hawaii. Adaptive management will guide the selection of the best islands for further
translocations.

Northwest Forest Plan

The northern spotted owl is a nocturnal hunter of flying squirrels, birds, and other prey deep in ancient stands of
conifers in the Pacific Northwest. It requires old-growth forest habitat for breeding and foraging. As a federally listed
threatened species, it became the focal point of a national debate over the cumulative effects of timber harvesting and
losses of late-successional stands on federal lands in the Pacific Northwest. A 1991 injunction halted timber harvest on
9.7 million hectares of federal lands in the owl’s range. President Clinton intervened in 1993 to set up a science-based
forest ecosystem management assessment team that helped frame a Record of Decision, creating the Northwest Forest
Plan to revamp management of these lands. Court and planning documents acknowledged high levels of uncertainty and
established adaptive management as the cornerstone of this plan. Following a 10-year period of monitoring forests in

10 adaptive management areas delineated in the plan, evaluation of evidence in a broad and integrative context helped
federal agency regional executives to improve the Northwest’s regional adaptive management framework and to assess
priority questions by means of adaptive management concepts. The regional framework helps to pull together individual
adaptive management efforts of the Northwest Forest Plan, such as the Five Rivers and Biscuit landscape projects as
well as other research activities, and to interpret them together in a formal process aimed at improving land-manage-
ment decision making at the regional level.
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Adaptive decision making

Decision making that accounts for what is uncertain as well as what is known about the processes that influence natural
resource behavior through time and the influence of management on resource changes. Adaptive decision making seeks
to reduce this uncertainty and thereby improve management through enhanced understanding of management effects.
Adaptive management

This term is used interchangeably with adaptive decision making.

Bayes’ rule

A technique used to propagate structural uncertainty through time; the technique combines measures of uncertainty at
each point in time with data from post-decision monitoring to produce new measures for the next time.

Climate change adaptation

Adaptation in natural or human systems to a new or changing environment. Adaptation refers to adjustments in natural
or human systems that are intended to reduce vulnerability to actual or anticipated climate change, or to exploit oppor-
tunities arising from that change.

Climate change mitigation

Actions resulting in reductions in the degree or intensity of greenhouse gas emissions. Sometimes referred to as abate-
ment.

Decision problem

In natural resources, a problem that requires managers to make a decision, once or repeatedly, that will influence
resource conditions or processes. In adaptive management, the decision problem involves iterative decision making,
with the opportunity to learn through time and adjust management strategies on the basis of what is learned.

Ecosystem services

Goods and services that create value for human users and are derived from ecosystem processes such as nutrient
recycling, climate regulation, and maintenance of biodiversity. Examples of ecosystem services include clean drinking
water, flood risk reduction, pollination of crops, and decomposition of wastes. Examples of marketable goods provided
by ecosystems include lumber and seafood.

Estimation

The aggregation of field data into measures of resource attributes. Examples include means, variances, and correlation
coefficients computed with sample data. Multiple estimators are always available for any resource attribute, and the
choice of which particular estimator to use is based on features such as statistical bias and precision.

Experimentation

The imposition of treatments on subjects or experimental units for the explicit purpose of learning about treatment

effects by observing outcomes. Ideally, experimentation involves random allocation of treatments to experimental units,
replication of treatments, and the use of controls for comparative purposes.
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Experimental management

The use of management interventions for the purpose of understanding the effects of management. Interventions are
used as experimental treatments, ideally (but infrequently) involving randomization, replication, and experimental
control.

Hypothesis

A suggested but unconfirmed explanation of observed patterns. Hypotheses can take many forms, such as a hypoth-
esized magnitude of a resource attribute or a hypothesized mathematical relationship between attributes. Hypotheses are
tested by comparison with field data.

Management by experiment

An approach to management that recognizes management interventions as experiments, by means of which understand-
ing can be enhanced as management proceeds over time.

Management action

An action that affects a managed system, and is taken as a result of a management decision. In the context of natural
resources, management actions typically influence the status of resources or the processes that control resource dynam-
ics.

Management alternative

A potential management action. In sequential management, a management action is selected at each point in time from
an identified set of management alternatives. The set of management alternatives constrains and influences the choice of
a management strategy.

Management decision

A decision to take a management action. In adaptive management, decision making usually is driven by management
objectives, with active stakeholder involvement. Adaptive decision making takes into account both the current status of
resources and the level of understanding about them.

Management option

This term is used interchangeably with management alternative.

Management strategy

A prescription of management actions designed to meet management objectives. In the context of adaptive management,
a management strategy describes management actions to be taken at specific times. At a particular point in time, the
action that is prescribed depends on the current resource status and the level of understanding about resource dynamics.

Management strategies are often expressed in terms of resource thresholds, on either side of which a different action is
to be taken.
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Model

Any representation, whether verbal, diagrammatic, or mathematical, of an object or phenomenon. Natural resource
models usually characterize resource systems in terms of their status and change over time. Models incorporate hypoth-
eses about resource structure and function, and they generate predictions about the effects of management actions.

Non-stationarity

Directional change in resource structure and function over time. Natural resource systems with ecological processes

and parameters that vary directionally over time are non-stationary. Similarly, management strategies that vary through
time are non-stationary. Natural resources subject to long-term, directional environmental change are likely to exhibit
non-stationary behaviors. As an example of directional (non-stationary) environmental change, a stable (stationary)
pattern of fluctuation in annual rainfall may become non-stationary because a warming climate induces fluctuations with
increasing extremes. In such a case, both minimum rainfall and maximum rainfall would trend directionally upward (or
downward) year by year.

Obijective

A desired outcome or performance measure that expresses stakeholder values and serves to guide natural resource deci-
sion making and the evaluation of success.

Resilience

The ability of a system to absorb disturbances and still retain the same basic structure and functions. A resilient system
is flexible and forgiving of external shocks. As resilience declines, the magnitude of shocks from which the system
cannot recover becomes smaller and smaller. Management for resilience seeks flexible system behaviors that can deliver
desired ecosystem goods and services on a sustained basis.

Stakeholders

Individuals and organizations (e.g., managers, scientists, private citizens, non-governmental organizations) with a vested
interest in a shared enterprise. Interests can include an expectation of received benefit, a perceived threat, a prior invest-
ment of time or resources, or values shared with others associated with the enterprise. Active engagement of stakehold-
ers promotes the successful implementation of adaptive management.

Sustainability

The capacity to endure over an extended time. Sustainable resource systems retain their structure, functions, and ability
to provide ecological services. Resource management that maintains long-term resource productivity constitutes sustain-
able management. Sustainability is closely tied to the concept of system resilience.

Threshold
The limiting value of a resource attribute that triggers a change in management actions. Management strategies often

include thresholds, such that one action is specified for resource values less than the threshold and a different action is
specified for resource values greater than the threshold.









