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Summary

Forest ecosystems are complex and dynamic. This, together with changing social
values, leads to uncertainty and controversy over how best to manage forests in
British Columbia. How will forest ecosystems respond to management interventions?
What is the best way of meeting management objectives? Are these objectives con-
sistent with societal goals? We do not have all the answers: instead we must learn
and adapt.

“Adaptive management” is a systematic approach to improving management
and accommodating change by learning from the outcomes of management inter-
ventions. Not only are objectives and policies adjusted in response to new infor-
mation, but management policies are deliberately designed to enhance the rate of
improvement:

• by providing reliable feedback about which policies, plans, or practices are
effective and which are not; and

• by increasing understanding about ecosystem function, and identifying thresh-
olds in ecosystem response.

It is this focus on deliberately designing management to enhance learning that dif-
ferentiates adaptive management from more common trial-and-error approaches to
management. In addition, because adaptive management requires documentation
of objectives, assumptions, decisions, and outcomes, it increases the chances that
knowledge gained through experience will be passed on to others.

Adaptive management involves

• defining the management problem clearly, and in terms of ecosystem function,
rather than in terms of preconceived management solutions;

• exploring the potential effects of alternative policies (solutions) on key response
indicators;

• identifying key uncertainties about ecosystem function that must be resolved
in order to identify the “best” policy;

• designing management policies and monitoring schemes in a way that provides
reliable feedback and tests alternative hypotheses about ecosystem function;

• monitoring responses of key indicators, over appropriate time frames and spa-
tial scales; and

• analyzing and evaluating data, and using the resulting information to improve
management, adjust objectives, and define further comparisons.

Careful design, monitoring, evaluation, and feedback are critical to improving man-
agement. Imagination and creativity in applying these steps are critical to dealing
effectively with change and complexity.

Adaptive management forms a continuum from passive adaptive to active adap-
tive approaches. With “passive adaptive” approaches, managers assume that the most
likely hypothesis is indeed true, and implement a single policy, the effects of which
are subsequently monitored and evaluated. With “active adaptive” approaches
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(sometimes referred to as “experimental” management), management interventions
are designed as experiments to test alternative hypotheses about ecosystem function,
and thus reveal the best management option. Active, experimental approaches yield
more reliable information and lead to more rapid learning than passive, non-experi-
mental approaches.  Passive approaches are useful, however, when it is impossible or
impractical to implement multiple interventions. Managers can draw on informa-
tion from a variety of sources, including retrospective studies of past events, descrip-
tive studies, and local knowledge, to increase the probability of selecting the “best”
policy, and to aid in interpreting results. Alternative methods of statistical analysis
(e.g., Bayesian statistics) may also be useful, particularly when replication of treat-
ments is impossible.

Although adaptive management has elements in common with research (e.g.,
hypothesis testing, use of controls and replicates), it differs in several important
respects:

• managers play an integral and often lead role;

• policies are implemented at an operational scale, in an operational setting; and

• monitoring is less detailed, and the focus is on understanding the response of
the system as a whole (rather than on detailed understanding of parts of the
system).

Adaptive management is valuable whenever there is significant uncertainty about
the outcomes of management policies. Some argue that under such conditions there
is no logical reason not to implement adaptive management, and that we should
do so before opportunities are foreclosed. Additional impetus for implementing
adaptive management in British Columbia is provided by the Forest Practices Code
(FPC), which requires managers to adopt many new, previously untested strategies.
Adaptive management could be an effective way to improve the FPC, while the FPC
may be an effective catalyst for overcoming the institutional inertia that has frustrated
effective implementation of adaptive management in other jurisdictions. On the other
hand, the demands of the FPC may limit the time, energy, and resources available
for adaptive management. There is also concern that the FPC may limit both flex-
ibility and willingness to try alternatives.

Although adaptive management offers substantial benefits, it will not be easy
to implement widely. It will be technically challenging to design powerful experi-
ments and effective monitoring schemes at large spatial scales, for indicators with
long response times and high levels of natural variability.  Managers must be con-
vinced that the long-term benefits of adaptive management are worth the additional
costs and effort involved in design, layout, monitoring, and data storage. Ensuring
continuity of funding, support, and staff over the long time scales at which forest
ecosystems operate will be a challenge. People are often impatient for answers;
commitment and funding may vary with economic and political climates. Rigid
organizational and regulatory structures may make it difficult for managers to try
innovative alternatives and respond quickly to results. Finally, adaptive management
requires a shift in the way both institutions and individuals operate. We must be will-
ing to acknowledge uncertainty, encourage innovation, and value the learning that
can come from making mistakes. Developing strategies for overcoming or minimizing
these potential obstacles will be critical to the success of adaptive management. Just
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as we can learn from mistakes made in managing forests, we must also strive to learn
from the mistakes we will make in implementing adaptive management.

Once we recognize that the outcomes of many of our policies and practices
are uncertain, adaptive management becomes the obvious way to proceed, despite
its difficulties. Simply stated: it allows us to learn as much as we can from both our
successes and our inevitable mistakes.

v
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Introduction

Issues surrounding forest management are ecologically, socially, and economically
complex. This complexity, together with limited understanding of forest ecosystems
and the unpredictable nature of many natural events, contributes to uncertainty about
outcomes of management decisions. Changing social values and goals further
increase uncertainty and contribute to controversy. Faced with these issues, people
are asking questions such as: What is the best way of meeting management objec-
tives? Are these objectives consistent with societal goals? How can we adapt man-
agement practices and plans to accommodate changes in values and goals?

Increasingly, adaptive management is suggested as a strategy for answering these
and other questions. It is an approach to management that explicitly acknowledges
uncertainty about the outcomes of management policies, and deals with this
uncertainty by treating management activities as opportunities for learning how to
manage better. Management activities are not just modified as a result of new infor-
mation; they are deliberately designed to increase understanding about the system
being managed.

The purpose of this paper is to provide an overview of adaptive management:
what it is, what some of its potential benefits are, and what problems have been or
might be faced in trying to implement it effectively. We also outline the key elements
of adaptive management and some tools that can help in applying it. This paper is
not, however, a “how-to” manual, nor does it make recommendations about if or
how adaptive management should be implemented.

This paper originated as a background document for a 3-day workshop on adap-
tive management, organized by the B.C. Forest Service. In response to information
gained during and after the workshop, we expanded and revised the initial docu-
ment, so that it now provides considerable background information on adaptive
management. Further references on adaptive management are cited throughout.

Initially, the purpose of this paper was to survey and analyze actual examples
of adaptive management. This turned out to be impractical for two reasons. First,
there are relatively few cases where adaptive management is being implemented
successfully, particularly in forest management. Examples are particularly difficult
to find when managers do adaptive management without writing about it. Second,
there is no clear consensus on what does or does not constitute adaptive manage-
ment. Consequently, trying to label certain projects as “adaptive management” or
“not adaptive management” is a frustrating exercise. In this paper, we include
examples (summarized in Appendix 1) that illustrate certain elements of adaptive
management, and the types of problems to which it can be applied. We also syn-
thesize information from: (i) a review of the literature on adaptive management,
(ii) workshop participants, and (iii) discussions with those knowledgeable about adap-
tive management.

In Section 1, we define adaptive management, discuss a range of views on what
it is, and summarize how it has been applied elsewhere. For clarity, we summarize
the potential benefits of adaptive management (Section 2) and the reasons for
implementing it now (Section 3) separately from the problems with implementing it
effectively (Section 4). Institutional and social problems, which are often substan-
tial, are addressed in more detail in Section 7. In Sections 5 and 6, we describe the
elements of adaptive management and some of the tools used to implement it.
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1 What is Adaptive Management?

1.1 A definition of adaptive management

Adaptive management is a formal process for continually improving management
policies and practices by learning from their outcomes. Management policies are
deliberately designed to increase understanding about the effect of management
activities on the system being managed. Increased understanding about how the sys-
tem responds can lead to more effective and efficient management, and can allow
managers to accommodate changes in social values and goals. Learning is most rapid
when management activities are designed as controlled, replicated experiments that
test alternative hypotheses about the response of the system to management activi-
ties. However, where powerful experiments are impossible or impractical, informa-
tion can still be gained from careful analysis of existing data to select the “best”
alternative, followed by careful monitoring of the outcomes of implementing it. For
learning to occur, actual outcomes must be compared to objectives and to predicted
outcomes. Feedback loops for using information to modify management must be
built into the plan from the outset. Outcomes that are unexpected or that differ from

Learning is facilitated by designing management actions as large-scale experiments, with replication
of contrasting treatments and controls.

“Adaptive policy is
designed from the
outset not only to
change or regulate,
but also to test clearly
formulated
hypotheses about the
behaviour of an
ecosystem being
changed by human
use” (Halbert 1993).
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predictions then become opportunities to learn and improve, rather than manage-
ment “failures.”

Adaptive management involves:

• explicitly recognizing that there is uncertainty about the outcome of manage-
ment activities;

• deliberately designing management policies or plans to increase understand-
ing about the system, and reveal the best way of meeting objectives;

• carefully implementing the policy or plan;

• monitoring key response indicators;

• analyzing the outcomes, considering the objectives and predictions; and

• incorporating results into future decisions.

Adaptive management requires managers and decision-makers who are willing to
“learn by doing,” and who acknowledge that making mistakes is part of learning.

1.2 Interpretations of adaptive management vary

Fuzzy, broad interpretations of adaptive management lead to confusion and frus-
tration; to be implemented effectively, adaptive management must be defined clearly
and consistently (Halbert 1993). Unfortunately, this is not a simple task. Adaptive
management is an approach to management, not a single cookbook of steps that
can be applied by rote to every management issue. Cookbook approaches tend to
stifle the creativity that is crucial for dealing effectively with uncertainty and change.
Thus, it is difficult to define adaptive management clearly, concisely, and consist-
ently without constraining its application. Halbert (1993) points out that: “The mal-
leable nature of adaptive management is a double-edged sword. On the one hand,
it allows for the concept to be utilized in a wide variety of situations. On the other
hand, the fact that it is subject to such a wide array of interpretations is an effective
barrier to its implementation.”

 Interpreting adaptive management is made even more confusing by the fact
that different people emphasize different elements (e.g., management experiments,
modelling workshops); there is no clear consensus on which elements are funda-
mental to implementing adaptive management effectively. Below we describe three
approaches that hold much in common, but vary in the emphasis placed on differ-
ent elements.

AEAM and systems analysis

Adaptive management evolved out of an approach called “Adaptive Environmental
Assessment and Management” (AEAM) (Holling 1978). This approach emphasizes:
(i) the value of constructing simulation models of system dynamics to identify key
uncertainties, uncover assumptions, and explore alternative policies; (ii) the impor-
tance of modelling key components and processes, and of considering impacts on
the system as a whole, rather than considering all the constituent parts; and (iii) the
value of workshops that involve decision-makers and managers, together with sci-
entists from various disciplines. Often, key processes are poorly understood and are
not amenable to research. This led to the notion that managers can best learn about
the impacts of management interventions by actually trying them.

What is Adaptive Management?
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Quantitative techniques for designing adaptive policies

Walters (1986) described quantitative methods for analyzing and designing adap-
tive policies, building on the AEAM approach of constructing simulation models of
the “system” being managed. These included sophisticated techniques for quanti-
fying the value of reducing uncertainty about model parameters. These quantitative
methods led to a distinction between “active” and “passive” adaptive management
(Walters and Hilborn 1978; Walters and Holling 1990). Active adaptive manage-
ment involves constructing a range of alternative response models (hypotheses) based
on existing data, calculating the long-term value of knowing which is correct, and
then weighing this long-term value against any short-term costs incurred in finding
out which is correct. Active adaptive management involves deliberately perturbing
the system to discriminate between alternative models (hypotheses). With passive
approaches, managers assume that a single model is correct (based on existing data),
implement the policy that this “best” model predicts will have the desired outcome,
and then monitor and evaluate actual outcomes.

Experimental management

In experimental management (Walters and Collie 1989; McAllister and Peterman
1992b; Sainsbury et al. 1994), the principles of experimental design are applied to
management activities, so that managers can discriminate between alternative
hypotheses about how the system functions. Good experimental design is crucial
for allowing clear interpretation of data, particularly when trying to understand com-
plex systems. Some describe active adaptive management as a special case of
experimental management (McAllister and Peterman 1992b), although experimen-
tal management places less emphasis on the complicated quantitative techniques
described by Walters (1986). Those who emphasize the importance of good experi-
mental design are often critical of passive (i.e., non-experimental) approaches to
adaptive management; others are reluctant to discount the learning that can occur
through passive approaches, particularly in situations where control, replication, and
active probing are not feasible. In general, the reliability and quality of information
gained from active or experimental approaches is higher than that from passive, non-
experimental approaches. The shortcomings of passive approaches are summarized
in Table 1; some situations where passive approaches are useful are summarized in
Table 2.

All three approaches emphasize the importance of learning, and of designing
management activities so as to facilitate learning. However, variations in the
emphasis on different elements create problems when we try to define examples of

Table 1. Shortcomings of passive adaptive management

• outcomes difficult to interpret è exacerbates confusion and
disagreement

• measures response under a narrow range
of conditions

è difficult to discriminate between
alternative hypotheses

• slow learning; incremental improvements
in management

è greater risk of crossing unidentified
thresholds
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“adaptive management.” For instance, are growth and yield trials adaptive manage-
ment? They involve well-designed experiments for discriminating between alterna-
tive growth models, but they detect responses only at the stand level, rather than
those of the whole “system.” On the other hand, is the approach to the spruce
budworm problem in New Brunswick (Holling 1978; Walters and Holling 1990;
Baskerville 1995) adaptive management? Managers used the AEAM approach to
explore alternative policies and make explicit predictions, but alternatives were not
tested in controlled, replicated experiments. The model did, however, help to
improve management and develop a relevant research program. In the first exam-
ple, the problem arises from how different people bound the “system”: what may
be adaptive management to one, may be tinkering with one part of the system to
someone else. In the second example, the problem arises in designing powerful, rep-
licated experiments for large-scale issues. Neither is an “ideal” example of adap-
tive management — but an ideal example probably does not exist. The variation and
inconsistency in examples referred to as “adaptive management” suggest that an
important first step for the B.C. Forest Service, in initiating adaptive management, is
to define it clearly and consistently.

1.3 How is adaptive management different from the way we manage now?

Regardless of the precise definition that is finally adopted, the notion of adaptive
management implies a way of managing that is different from typical approaches.
Adaptive management means much more than simply altering objectives and prac-
tices in response to new information; it implies a formal, rigorous approach to man-
agement, where activities are treated as opportunities for generating information
about the system being managed. With traditional approaches to management, learn-
ing is haphazard, and improvements in management are slow and incremental,
often because of inadequate or inappropriate monitoring and failure to incorporate
results into future decision-making.

Traditional approaches to management blend into adaptive management along
a continuum. The boundaries between them are blurry, and, as we imply above, are
drawn in different places by different people. The distinctions between traditional
and adaptive approaches to management that we discuss below are intended to high-
light how managers can improve the way they currently manage.

Traditional approaches to management typically lack the reliable feedback that
leads to rapid learning. Managers implement a single policy, assuming that it is cor-
rect. Monitoring, if it occurs, typically focuses on whether a policy complies with

Adaptive
management is
systematic, rigorous
approach to “learning
by doing.” It is a more
efficient way of
learning than
haphazard, “trial-and-
error” approaches.

Table 2. Situations where passive adaptive management can be useful

What is Adaptive Management?

• impossible or impractical to design a powerful experiment

• economic costs of testing a range of alternatives is unacceptably high

• ecological costs or risks of testing a range of alternatives is unacceptably high

• managers are fairly certain which hypothesis is correct, and thus which policy is best

• high levels of natural variability or variability in past actions provide information about
ecosystem response under a range of conditions
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regulations, rather than whether objectives have been met; actual outcomes are not
compared explicitly to predictions or objectives (Baskerville 1985; Halbert 1993).
Furthermore, because alternative policies are not developed, replicated, and
compared to untreated controls, it is difficult to separate treatment effects from back-
ground noise, in order to draw reliable conclusions about system function (Walters
and Holling 1990; McAllister and Peterman 1992b; Halbert 1993).

Adaptive management also differs from traditional approaches in that it seeks
to clarify the shape of the relationship between the management activity and the
response of the system (i.e., how does the system respond over a range of condi-
tions?) (Figure 1). In some cases, this requires testing activities that differ from “nor-
mal” (i.e., those that are assumed to be “best”) (Walters 1981, 1986; Hilborn 1987;
Peterman and McAllister 1993). For example, knowing how water quality varies in
response to width of the riparian managment area (rma) would allow managers to
identify the width necessary to achieve a specified water quality objective, would
improve predictions about the effect of designating an rma of a certain width, and
would decrease the likelihood of crossing thresholds in water quality by
designating rmas that are too narrow.

1.4 How is adaptive management different from research?

Because adaptive management involves testing alternative hypotheses in control-
led, replicated management experiments (when feasible), it is sometimes confused
with “research.” However, it differs from research in several important respects.
Adaptive management attempts to understand the effect of management on a sys-
tem as a whole, whereas reductionist research provides detailed information about

Figure 1. Adaptive management often seeks to clarify how the system will respond under a
range of conditions. The relationship shown here is for illustrative purposes only.

Width of riparian management area
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“Active adaptive
management differs
from more traditional
methods [of
management] by
suggesting
exploratory probing
actions that provide
information about
the true state of
nature” (Hillborn
1987).
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some parts of a system — usually those that are amenable to research because they
operate at small spatial and temporal scales (Walters and Holling 1990; Kessler et
al. 1992). Research on parts can improve predictions about how the system might
respond to management interventions, but, ultimately, such predictions can only be
tested in an operational setting, at an operational scale.

With adaptive management, the realities of the operational setting, including
the large spatial and temporal scale over which management activities act, often limit
the experimental rigour that can be imposed (Halbert 1991; Hilborn and Ludwig
1993). Management experiments tend to be less tightly controlled and “messier” than
research experiments. High reliability and precision in results are exchanged for
generalizability to a wider range of sites.

Finally, adaptive management differs from research in the active participation
by managers in the process of defining problems, generating and testing possible
solutions, and evaluating outcomes (Holling 1978; ESSA 1982). Managers are key
players in adaptive management. Consequently, the links that specify how informa-
tion will be used to modify management are tighter and more explicit with adap-
tive management than they often are between traditional research and management
(Halbert 1993).

1.5 Where can adaptive management be applied?

Adaptive management can be applied to any management situation where incom-
plete understanding of how the system functions creates uncertainty about the
outcomes of management decisions, or about which is the best management option.
All such situations can benefit from a thoughtful, deliberate approach to learning,
although they may vary in the rigour with which different elements of adaptive man-
agement are applied. Adaptive management has been most commonly applied to
ecological systems (e.g., fish populations, forests), but it could also be applied to
social systems (e.g., see Garner and Visher 1988). For example, adaptive manage-
ment could be applied to discriminating amongst approaches to job retraining,
methods of decision-making, or organizational structures. Managers could consider
effects of management activities on ecological, social, and economic indicators (e.g.,
bird diversity, employment levels, timber value). Management experiments could
be designed to compare the effects of alternative landscape-level plans (e.g., distri-
butions of patch sizes, patterns of connectivity), in addition to site-level prescrip-
tions (e.g., alternative silvicultural systems, stocking standards).

1.6 How has adaptive management been applied to date?

Below, we summarize how adaptive management has been applied in different
areas of resource management to date. In Appendix 1, we describe some specific
problems in resource management where adaptive management, or elements of
adaptive management, have been applied.

Fisheries management

Adaptive management has been developed and refined to the greatest extent in the
field of fisheries management (e.g., Walters 1986). Typically, examples deal with
policies about harvesting levels (e.g., Collie et al. 1990; Parma and Deriso 1990;
Leamann and Stanley 1993) or the type of fishing gear used (e.g., McAllister et al.
1992; Sainsbury et al. 1994) and focus on defined populations or stocks, rather than

What is Adaptive Management?
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ecosystems. Quantitative simulation models of population dynamics often play a key
role (e.g., Walters 1986; McAllister and Peterman 1992a ). Adaptive management
was formally adopted as the guiding strategy for rehabilitating salmon stocks in the
Columbia River basin (Lee and Lawrence 1986; Volkman and McConnaha 1993).
A system-wide model of salmon dynamics has been used to explore alternative poli-
cies and set specific management objectives. Some management experiments have
been implemented.

Technical challenges to adaptive management of fish stocks include the com-
plexity of factors affecting population dynamics, high levels of natural variability,
problems in measuring and monitoring stocks, and constraints on replication
because of the limited number of stocks. Institutional inertia, skepticism, and lack
of expertise have also been identified as significant barriers (Peterman and McAllister
1993).

Wildlife management

There are some examples of an experimental approach to managing wildlife
populations. For example, a program for managing antlerless elk populations in Idaho
involved a management experiment to compare alternative management strategies
and test underlying assumptions about population dynamics (Gratson et al. 1993).
In some cases, managers have adopted a passive adaptive approach. For example,
Boyce (1993) describes passive adaptive management of the grizzly bear popula-
tion in the greater Yellowstone ecosystem. Based on predictions from a model of
bear population dynamics, managers implemented a strategy to minimize human–
bear interactions and bear mortality. Information gained in monitoring the strategy
was used to update the model in order to improve future management.

Forest management

In forest management, experimental management has been applied primarily at the
stand scale, for problems where the dominant objective is to maximize timber
productivity. For example, in Washington State, Weyerhaeuser adopted an experi-
mental approach to all phases involved in establishing alder plantations (T. Terry,
Weyerhaeuser, pers. comm., 1995). In British Columbia, there are a number of
recent silvicultural experiments at the stand scale that are addressing multiple
objectives (e.g., Sicamous Creek Silvicultural Systems project and Date Creek
Silvicultural Systems project; see Appendix 1). These are primarily research trials,
however, and involve more detailed monitoring and more rigorous layout at a smaller
scale than would be typical of adaptive management. Kurzejeski et al. (1993)
describe an ongoing adaptive management project where alternative silvicultural
treatments were applied over large areas (300–500 ha in size); a variety of indica-
tors of ecosystem structure are being monitored. This project also involves close,
on-going co-operation between researchers and managers.

There are few examples of management experiments designed to improve
understanding of landscape-level processes. An AEAM approach was taken to
explore the spruce budworm problem in New Brunswick (Holling 1978; Baskerville
1995). Managers have adjusted policies and objectives as a result of comparing
model predictions to actual outcomes, but have not compared alternative policies
in controlled, replicated experiments. The U.S. Forest Service has formally adopted
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adaptive management as a policy and has designated “Adaptive Management Areas”
in the Pacific Northwest, but how this policy will be carried out remains to be seen.

Perturbation experiments in experimental forests (e.g., Hubbard Brook and H.J.
Andrews experimental forests in the U.S.A.) have provided valuable information that
has influenced forest management activities. They also provide useful insights into
how to design experiments on a large scale, to investigate ecosystem-level phenom-
ena. They are, however, essentially large-scale research experiments, rather than
adaptive management. The well-known Carnation Creek study in British Columbia
incorporates some aspects of adaptive management, although C.J. Walters (Univer-
sity of British Columbia, pers. comm., 1995) argues that it is not a good example
because of problems with experimental design and the focus on detailed research.

Adaptive environmental assessment and management (AEAM)

AEAM has been used, with varying degrees of success, to address a wide range of man-
agement issues (ESSA 1982; Walters 1993). In addition to the spruce budworm and
Columbia River basin projects we mentioned above, some projects that used AEAM
include: water management in the Florida Everglades, fishing on the Great Barrier Reef,
control of sea lamprey population in the Great Lakes, and sewage management in Perth,
Australia (Walters 1993).

1.7 Applying adaptive management to forest management in British Columbia

How do we go about applying adaptive management to forest management in
British Columbia? How can adaptive management be used to improve the way for-
ests throughout British Columbia are managed? We outline two possible strategies.
The first involves starting simply, by initially applying adaptive management in a few
locations or to a few simple (but not trivial) questions. Initial management experi-
ments could address some of the known “soft spots” in the Forest Practices Code,
at both stand and landscape scales.

Pilot projects offer a manageable, simple, and quick way of getting adaptive
management started in British Columbia. They could provide some quick successes
needed to gain wider support for adaptive management and to overcome some of
the potential institutional barriers. Adaptive management would spread from these
pilot projects to other areas and to more complex problems as managers became
convinced of its value and more familiar with its techniques. On the other hand,
learning and improvements would continue to be slow and haphazard in those
areas not addressed in the pilot projects. In addition, if these projects consider indi-
vidual problems in isolation, we run the risk of missing cumulative impacts and criti-
cal elements, ignoring connections between problems, or expending effort on
problems that turn out to be relatively unimportant. If this strategy is adopted, it will
be important to expand beyond pilot projects fairly quickly to avoid the perception
that adaptive management is limited to only certain locations or types of problems.

The second strategy for launching adaptive management is outlined by Carl
Walters in Appendix 2. It is an AEAM approach, where key uncertainties are
uncovered by exploring impacts of alternative policies on key indicators. It empha-
sizes analysis of the system as a whole, rather than reducing forest management to
individual problems, and is therefore more likely to address cumulative effects.

What is Adaptive Management?
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Walters calls for the implementation of large-scale experiments — where the entire
forest landbase is assigned to experimental units, and all management prescriptions
are designed as experiments.

The major disadvantage of this strategy is that it would require considerable time
and energy, at a time when both are being consumed by the FPC. Some managers,
overwhelmed with the requirements of the FPC, and concerned about compliance,
may be reluctant to devote scarce resources to a widespread adaptive management
program.
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2 What are the Benefits of Adaptive Management?

Adaptive management is proposed as a strategy for dealing with the uncertainties
and gaps in understanding that complicate management decisions and give rise to
controversy. Proponents argue that we can learn to manage more effectively by
designing and implementing management activities so that they: (i) can be evalu-
ated reliably, and (ii) can improve understanding of the relationships that underlie
measured responses. Key benefits mentioned in the literature, in the workshop, and
in interviews with experts and those who have attempted adaptive management are
summarized below. To realize these potential benefits, however, we must implement
adaptive management effectively, and overcome a variety of potential problems (see
Section 4). While this will not be easy, the alternative is to continue to learn slowly
— repeating mistakes, reaching invalid conclusions, and missing opportunities to
manage better.

2.1 Well-designed experiments allow managers to evaluate reliably the
effectiveness of alternative management actions

Adaptive management allows managers to more quickly determine which activities
are inadequate to achieve management objectives, which are detrimental, and which

Adaptive management considers the ecosystem as a whole. It is a way of detecting and
understanding the cumulative, large-scale, and long-term impacts of management actions.

“. . . we cannot
anticipate how well
different . . . methods
will work until we
implement them”
(Hilborn 1987).
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are unnecessary. Inadequate and detrimental activities are expensive in both eco-
logical and economic terms. Unnecessary activities are economically expensive.

Given the level of uncertainty that characterizes our understanding of forest eco-
systems and the outcomes of forest management, most management activities should
be viewed as experiments; predictions about their impacts are untested hypotheses.
Designing these experiments well, using principles of experimental design, allows
clearer interpretation of results (Romesburg 1981; McAllister and Peterman 1992b).
Management activities that are not designed as experiments at best provide ambigu-
ous information, and at worst provide misleading or conflicting information (Hilborn
1992; McAllister and Peterman 1992b). Because the effects of management are
difficult to separate from confounding environmental effects, managers are left won-
dering whether management actions actually caused an observed outcome or not.

The costs of not deliberately designing management activities as experiments
are real. A strategy to save the endangered Kemp’s Ridley sea turtle was initiated
in Mexico and the U.S.A. in 1977 (Lee 1993). Despite an investment of 14 years
and $4 million, the effectiveness of the strategy is unclear because it was not plan-
ned as a management experiment and had no controls. Continuing the possibly
ineffective program imposes a real cost on shrimp fishermen constrained by its
regulations, yet discontinuing it could compromise the survival of the turtle
population.

The building of artificial spawning channels for sockeye salmon in British
Columbia in the 1960s and 1970s provides another example of the costs of not
deliberately designing management as an experiment (Hilborn 1992a). A number
of channels were built to enhance the survival of fry, and ultimately adult sockeye
salmon. Results of this management strategy are ambiguous: some spawning chan-
nels were successful and others were failures. Because the strategy was not designed
as an experiment, and streams without channels were not monitored at the same
time, there is no way of determining whether observed outcomes were a result of
the spawning channel or the result of environmental factors. Hilborn (1992a) argues
that “in the absence of controls, we do not know what would have happened if the
channels were not built (and we never will).” The Department of Fisheries and
Oceans invested money in operating existing channels and in constructing new chan-
nels, despite questions about their utility.

2.2 Adaptive management increases understanding of how ecosystems function

Management experiments can be designed to increase understanding of how eco-
systems function (Romesburg 1981; McAllister and Peterman 1992b). Several alter-
native ecological mechanisms may underlie a particular observation or response.
These different mechanisms may suggest different management remedies. Discrimi-
nating between alternative mechanisms of system function can lead to more effec-
tive management, can suggest previously unthought-of management options, and
is useful even if specific objectives or social values change.

In order to discriminate between alternative hypotheses of system function, it
is sometimes necessary to increase the contrast between treatments by implement-
ing treatments that deviate from “normal” (Hilborn et al. 1979; Walters 1986;
McAllister and Peterman 1992b). For example, Walters and Collie (1989) proposed
an experimental harvest strategy for Pacific ocean perch. By implementing three
different fishing levels (unrestricted, quota, and no fishing) in different zones,

Since outcomes of
many actions are
uncertain, and since
we are going to
proceed with these
actions in any case, it
makes sense to
design them so that
we can learn from
their outcomes.
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managers would be better able to identify the “correct” model of population dynam-
ics. This would then allow them to better estimate stock sizes and “maximum
sustainable yield.”

2.3 Adaptive management allows managers to proceed  systematically and
responsibly in the face of uncertainty, gaps in understanding, and
disagreement

Uncertainty and disagreement over the best course of action cannot be resolved if
there are gaps in understanding about system function. Actually comparing the al-
ternatives in management experiments that are well designed provides the most di-
rect, and sometimes the quickest, answer about which is most effective. Managers
can thus avoid wasting further time, energy, and resources in arguments that
cannot be resolved with existing information (e.g., Halbert 1993), and do not need
to postpone the implementation of potentially valuable alternatives until knowledge
is complete. Adaptive management reduces the possibility of “analysis paralysis,”
as well as the onus on the B.C. Forest Service and B.C. Environment to prove,
before they are implemented, that certain regulations, targets, or guidelines are nec-
essary. Adaptive management is not, however, an argument for proceeding with
“business as usual” or potentially damaging practices.

2.4 Management experiments may provide the only opportunity for learning
about large-scale, ecosystem-level relationships

Results from experiments done at small spatial scales frequently are uninformative
about relationships and impacts over large spatial scales (Likens 1985; Kessler et al.
1992). Results from independent experiments on individual variables may be simi-
larly uninformative about ecosystem relationships and cumulative responses. Large-
scale perturbation experiments that examine ecosystem relationships and cumulative
effects of management activities may be possible only in an operational setting.

2.5Adaptive management encourages more efficient and effective monitoring

Adaptive management involves the development of well-planned monitoring strat-
egies that focus effort and resources on indicators that will provide information useful
for management. Unfocused, poorly planned monitoring is usually ineffective and
inefficient (Orians 1986).

2.6 Adaptive management helps to define the boundaries between activities that
are ecologically sustainable and activities that are not

Identifying thresholds in ecosystem response can help managers avoid widespread
implementation of activities that may lead to abrupt and undesirable shifts in sys-
tem function or composition. Well-designed management experiments, including
rigorous monitoring, will help in determining which activities are sustainable and
which are not (Lee 1993; see Section 2.1).

2.7Adaptive management is not a panacea

Although adaptive management has numerous benefits, it is not a panacea. It can
resolve disagreements stemming from gaps in knowledge, but it cannot resolve con-
flicts over values. Similarly, it can help managers respond to changes in values, but
it cannot predict them. Adaptive management is an approach for learning how to
manage in a way consistent with an overall vision, but it is not a process for

“Experimental
management
promotes a scientific
basis for
management, yet
does not require
action to be
dependent on
extensive past studies;
instead, actions can
be based on limited
current data as long
as uncertainties are
recognized openly
and experiments are
designed to generate
new information to
resolve them”
(McAllister and
Peterman 1992b).

What are the Benefits of Adaptive Management?
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developing that vision.
Adaptive management cannot eliminate unanticipated, “surprise” events

(Hilborn 1987). Managers can deal with surprises only by expecting the unexpected,
by modifying management when surprises do occur, and by implementing plans that
do not foreclose management options. Adaptive management does not eliminate
uncertainty; it helps managers deal with it.

Adaptive management is not a replacement for research. Amongst other roles,
research can lead to better predictions/hypotheses about the impact of management
activities. Such information is particularly valuable when social, budgetary, or eco-
logical constraints dictate that managers apply a single treatment everywhere.

Finally, adaptive management does not relieve decision-makers and managers
of the obligation to proceed cautiously when the risk and cost of negative outcomes
are high (e.g., when an activity has a high probability of causing irreversible eco-
logical damage). In such circumstances, the burden of proving that an activity is not
harmful must lie with its proponents. Adaptive management is not an excuse for
continuing with harmful activities.
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