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Adaptive Management of Forest

Ecosystems: Did Some Rubber
Hit the Road?

BERNARD T. BORMANN, RICHARD W. HAYNES, AND JON R. MARTIN

Although many scientists recommend adaptive management for large forest tracts, there is little evidence that its use has been effective at this scale.
One exception is the 10-million-hectare Northwest Forest Plan, which explicitly included adaptive management in its design. Evidence from 10 years’
implementation of the plan suggests that formalizing adaptive steps and committing to monitoring worked better than allocating land to adaptive
management areas. Clearly, some of the problems in implementing any new strategy should have been expected and probably would have been avoided
if the plan had called for even more focused feedback. But decisions made after monitoring results were analyzed have led to new management
priorities, including new approaches to adaptive management. These decisions suggest that one adaptive management loop has been completed. A
continued commitment to learning about and adapting practices and institutions will most likely be needed to improve performance in the future.
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We explore the concepts of adaptive management
as they were developed in a regional-scale scientific
assessment (FEMAT 1993) and applied on federal lands
through the Northwest Forest Plan (USDA and USDI 1994).
By the early 1990s, federal land managers, who are responsi-
ble for managing roughly a third of the forests in the Pacific
Northwest, were confronted with difficult issues concerning
the harvesting of old-growth forests; the decline of northern
spotted owl, marbled murrelet, and salmon populations; and
the social well-being of forest-dependent rural communities.
The controversy over those issues—and a 1991 court-man-
dated injunction on timber harvesting, issued in response to
threats to the northern spotted owl—led to a presidential sum-
mit in 1993 in Portland, Oregon. President Clinton issued a
mandate for a plan to resolve the conflict between timber and
other resources by using the following five principles (FEMAT
1993):

* Never forget the human and economic dimensions of
the problem.

*  Protect the long-term health of forests, wildlife, and
waterways.

*  Be scientifically sound, ecologically credible, and legally
responsible.

* Produce a predictable and sustainable level of timber
sales and nontimber resources.

* Make the federal government work together and work
for its citizens.
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The process used to write the plan had never been tried be-
fore, but it has become a model for many other planning ef-
forts nationally and internationally. A team of federal scientists,
the Forest Ecosystem Management Assessment Team
(FEMAT), was commissioned to write a science-based
assessment (FEMAT 1993) that developed and analyzed a
range of alternatives to be applied to all 10 million hectares
of federal land in the region. Planning hitherto had been
confined to smaller forest, district, and project scales. The
assessment fed directly into a traditional planning process and
ultimately into a record of decision (USDA and USDI 1994).
Scientists had never before wielded so much influence over
policy. The resulting plan was a watershed in the management
of federal forest lands: Giving ecological concerns priority led
to placing 80 percent of the land in late-successional and
riparian reserves and reduced federal harvest projections by
four-fifths. The FEMAT focus on developing an approach
based on conservation biology was to be expected, given the
injunction over the owl. What was more surprising, and less
widely appreciated, was the addition of a regional adaptive
management program. In effect, the plan chose adaptive
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management as its cornerstone (Pipkin 1998, Stankey et al.
2003) because of the explicitly acknowledged uncertainties in
the conservation biology approach and in the likely ecolog-
ical and social outcomes (FEMAT 1993).

The origin of adaptive management can be traced back to
the ideas of scientific management pioneered by Frederick Tay-
lor in the early 1900s (Haber 1964, Bormann et al. 1999). Var-
ious perspectives on adaptive management are rooted in
parallel concepts found in business (total quality management
and learning organizations; Senge 1990), experimental science
(hypothesis testing; Popper 1968), systems theory (feedback
control; Ashworth 1982), and industrial ecology (Allenby
and Richards 1994). The concept has gained attention as a
means of linking learning with policy and implementation
(Stankey et al. 2005). Although the idea of learning from ex-
perience and modifying subsequent behavior in light of that
experience has long been reported in the literature, the spe-
cific idea of adaptive management as a strategy for natural re-
source management can be traced to the seminal work of
Holling (1978), Walters (1986), and Lee (1993).

In this article, we define adaptive management as a sys-
tematic and iterative approach for improving resource man-
agement by emphasizing learning from management
outcomes. Adaptive management is not simply changing
management direction in the face of failed policies; rather, it
is a planned approach to reliably learning how to improve poli-
cies or management practices over time in the face of uncer-
tainty. Adaptive management requires exploring alternative
ways to meet management objectives, predicting the out-
comes of alternatives based on what is known, implement-
ing one—or if possible, more than one—of these alternatives,
monitoring to learn which alternative best meets the man-
agement objectives, and then using results to update knowl-
edge and adjust management actions. Adaptive management
is not an end in itself, but a means to more effective decisions
and enhanced benefits; thus, its true measure is in how well
it helps meet environmental, social, and economic goals,
adds to scientific knowledge, and reduces tensions among
stakeholders.

Before the Northwest Forest Plan, federal forest managers
had not institutionalized adaptive management at any scale.
Although managers have a long history of trying innovative
treatments, typically these were applied on small scales, with
inadequate experimental design, without broad coordina-
tion, and, more often than not, without monitoring. More im-
portant, learning was rarely considered a legitimate task for
managers; learning was the task of researchers, who transferred
“technology,” usually in a one-way fashion, to managers.
Typically, research-based learning was from retrospective
studies; from well-designed, small-scale experiments with
narrowly constructed treatments; and from models. The
Northwest Forest Plan called for learning that would evalu-
ate large-scale, complex management strategies well enough
to drive changes in those strategies.

Scientists generally see adaptability as essential to manag-
ing complex, poorly predictable ecosystems (Walters 1986).
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Thus, most ecosystem assessments call for adaptive manage-
ment {Ayensu et al. 1999). But when the scientists look back
to assess the results of applying adaptive management, they
are often disappointed in what managers have been able to im-
plement (Walters 1997, Stankey et al. 2003). A continued
drumbeat of failure will, at some point, lead people to ques-
tion whether adaptive management is a viable concept or a
hollow marketing tool. Here we examine the role of adaptive
management as it led to, and played out in, the implementa-
tion of the Northwest Forest Plan in its first decade.

Taking stock of adaptive management

Scientists and policymakers have a long way to go in learn-
ing how to evaluate adaptive management itself. For starters,
agreement on a common definition of adaptive manage-
ment is rarely found inside or among agencies, and scientists
typically define it quite differently from managers. Further,
evaluators have yet to define when enough has been learned
to determine whether adaptive management is working. A
results-based evaluation defines a project as successful if
decisions (adaptations) are made on the basis on what was
learned, regardless of how well the adaptive processes worked.
Pressures for policy change, however, typically operate on a
shorter time step than results-based learning does.

The Northwest Forest Plan has just completed its first 10-
year adaptive management cycle, providing us with an op-
portunity to take stock of the concept and to pass on lessons
learned (figure 1). We evaluate how well adaptive management
worked in the plan from firsthand knowledge, as described
in a synthesis (Haynes et al. 2006) based on science findings
and monitoring assessments (Gallo et al. 2005, Lint 2005,
Moeur et al. 2005, Charnley 2006, Huff et al. 2006). These pub-
lications, collectively called the 10-year interpretive report, were
presented at a major science policy conference in April 2005
(Stokstad 2005).

The adaptive management strategy for the Northwest For-
est Plan had four major elements: (1) a place for it to happen
(the adaptive management areas, or AMAs), (2) organizational
strategies to apply the adaptive management process across
the entire plan area, (3) a major regional monitoring program,
and (4) a formal interpretive step that gathered what was
learned and translated new understandings for decision-
mabkers to use. Here we discuss our views of how well these
elements of the adaptive management approach worked
during the plan’s first decade and why.

A handshake helps. The adaptive management strategy helped
to facilitate rapprochement between decisionmakers and
researchers—what we call the “handshake approach”—which
was central to making adaptive management work. This
approach, comprising new attitudes and institutions to build
mutual respect between decisionmakers and researchers
without endangering scientific credibility, emerged as the
plan unfolded.

February 2007 / Vol. 57 No. 2 + BioScience 187



Forum

Increasing reliance on site-specific knowledge and data —
10-year report

Interpret
(2005)

20-year report

Interpret
(2015)

30-year report

Interpret
{2025)

-m

W

~ ~

/

" Monitor ) pjan

'\Acu/r

S i )
Monitor 2" Plan

\'\“Act <«

FEMAT |

Decreasing reliance on general data and scientists’ opinions—

Figure 1. Time steps in the adaptive management cycle, starting with the Forest Ecosystem Management
Assessment Team’s recommendations (FEMAT 1993), as implemented in the Northwest Forest Plan. Note
that the traditional “evaluate” step has been changed to “interpret” because of the added focus on placing
new evidence from monitoring and research in a broader, more integrative context as a way to better con-
nect to and influence decisions, Also note that formalizing learning and adaptive steps is deemed essen-
tial to shifting the reliance on general data and scientists’ opinions to site-specific knowledge and data.

Managers and researchers were not on the best of terms af-
ter the plan’s release. Many managers were upset about their
loss of influence and the immense changes thrust upon them.
Members of the scientific community, on reflection, were
somewhat humbled as they came to terms with the diffi-
culty and effort needed to write and implement a compre-
hensive, integrated plan for managing complex and dynamic
ecosystems. The approach took form as a team of nearly 60
scientists and managers interpreted the 10-year monitoring
and research results, and the remaining uncertainties, to in-
form managers about the need for change.

The handshake approach emphasizes mutual agreement to
close the adaptive management cycle. This closure happened
when the 10-year report was handed off to the agency deci-
sionmakers through a series of meetings and a conference in
April 2005 (http://outreach.cof.orst.edu/nwiorestplan/index.
php). The approach not only facilitated passing key evidence
across the science—policy divide but also gave managers the
knowledge to participate in learning more actively.

Allocating land with specific adaptive management man-
dates is not enough to ensure that goals are met. Looking
back on the plan’s first decade, we see that some of the AMAs
(e.g., the Central Cascades and Goosenest AMAs) made im-
portant progress in exploring new roles and responsibilities
for citizens, researchers, and managers. As a whole, however,
AMAs largely failed in their primary mission to test alterna-
tive strategies, eventually becoming noncompetitive in bud-
get allocations (Stankey et al. 2003, Bormann et al. 2006).

A major reason for this failure was that precaution trumped
experimentation. A regulator told managers of one AMA
that they could not test alternative riparian management to
improve fish habitat until they could prove that no harm
would come to fish. The notion that nothing should be tried
until proof is established contradicts researchers” under-
standing of the extent that proof is or can be known, in-
cluding the uncertain—but most likely negative—
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consequences when actions are not taken. If precaution con-
tinues to trump adaptation, adaptive management will be hin-
dered. Perhaps because of the intense scrutiny AMAs received,
some of the most successful applications of active adaptive
management were outside AMAs.

Data from monitoring key ecosystem attributes are useful in
both expected and unexpected ways. In addition to ad-
dressing prespecified questions, monitoring proved useful
in other ways. For example, the simple balance sheet show-
ing a net gain in the area of forest that met late-successional
criteria—because forest growth outpaced losses to harvest, fire,
and other disturbances—was what most scientists expected,
but appeared to surprise and perhaps reassure some of the
public (Milstein 2005). The monitoring also documented
larger than expected temporal and spatial variability, and
provided some real surprises for researchers and others.

New data on temporal and spatial variability are helping
agencies focus on the investment in monitoring needed to de-
tect significant trends. Annual variation in owl and murrelet
populations demonstrated the need for decadal-scale mon-
itoring to detect trends. Decadal oscillation in Pacific Ocean
temperatures—related to fish populations and fire history—
demonstrates the need for monitoring on longer temporal
scales to understand other trends. A more general apprecia-
tion for the extent of uncertainty about system dynamics
appears to be emerging among managers. Perhaps this ap-
preciation was demonstrated when a forest supervisor—re-
flecting that the Northwest Forest Plan’s strategy of creating
late-successional reserves from extensively managed forest had
never been tried before—asked, “Why should we expect that
there is only one way to do it?” He also wondered about the
strength of evidence on previous approaches proposed but not
chosen.

Surprises, not likely to have surfaced without monitoring,
point to another benefit. Northern populations of the spot-
ted owl declined sharply and unexpectedly. Researchers remain
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pressed to explain this trend and are now theorizing that in-
creasing competition from barred owls invading from the
north and east may be involved. Some decline was expected
from the continuing loss of habitat on nonfederal lands, and
observed increases in the area meeting minimum old-growth
criteria may not have added significantly to key habitat. Just
as surprising, some of the spotted owl populations in the
southern ranges held stable or increased, especially in areas
more influenced by fire than in the north and in areas with
more intense timber harvest on nearby private lands dis-
tributed in a checkerboard pattern. Again, new theories are
emerging; for example, Franklin and colleagues (2000) sug-
gest that owls may benefit in southern parts of their range from
less-dense, brushy hunting grounds where prey, including
wood rats, can be found near the owls’ nesting habitat of
older forest. Such findings reinforce the conclusion that our
understanding of the interacting factors controlling popula-
tion dynamics is weaker, and natural variability greater, than
previously thought, and that managers and regulators need
to be open to new alternatives for maintaining owls. Postreport
decisions direct managers to consider these findings in the de-
sign of new management experiments that contrast alterna-
tive fuel management strategies in older, drier forests (see
www.reo.gov/library/riec/2005/2089riecnote06012005.htm).

The costs of a serious regional, interagency monitoring pro-
gram are substantial. Monitoring the status and trends of
northern spotted owl and murrelet populations and habitat,
older forests, aquatic habitat, and social and economic con-
ditions cost more than $50 million over 10 years (but only
$0.42 per ha per year; table 1). This magnitude of funding was
needed to implement a framework for regional monitoring
that included a new interagency monitoring team (www.reo.
gov/monitoring), frequent scientific advice, and a formal in-
terpretive step. The choices of how to allocate monitoring
funds reflected a mix of legal requirements (owls), potential
legal requirements (murrelets), and balance between eco-
logical resources and social values. The program was gener-
ally impressive in the support it received, and in its
organization and follow-through. The monitoring program
was aided by other governmental monitoring, such as the US

Census, but it was limited by faltering record keeping. Record-
keeping problems paralleled large (up to 70 percent) declines
in budgets and personnel for forests in the Northwest Forest
Plan, which lost most of the funding and revenues associated
with timber programs.

Question framing by decisionmakers and researchers
deserves a high priority. The questions posed by the moni-
toring program (USDA and USDI 1994) could have been
more relevant to the unfolding decisions, and interim inter-
pretations might have identified correctable problems. Sev-
eral steps were largely missed: choosing—as a key management
decision—a limited set of core questions, adding quantitative
expectations (except for timber production) to increase the
power of subsequent interpretations, and facilitating a broader
debate about the durability and answerability of the questions.
These shortcomings are now better recognized, and their
correction has become a focus of postreport decisions, in-
cluding a new process to define core long-term questions.

Approaches to assessment need to change in response to the
amount and type of scientific knowledge available. Assembling
usually scant scientific evidence to inform the choice of a man-
agement strategy, as in the original FEMAT assessment, is ob-
viously different from informing an ongoing management
strategy based in part on information collected while imple-
menting the strategy, as in the 10-year report. Repeat assess-
ments have several advantages over initial assessments: They
permit comparisons of previous assumptions with what hap-
pened; the use of stronger, more locally specific data; and bet-
ter understanding of system dynamics. Thus they link more
effectively with current and future decisions. The impor-
tance of the handshake approach was that it emphasized
closing the adaptive management loop, by presenting what was
learned in a way that influenced decisions about future di-
rection and by institutionalizing important steps of adaptive
management. Because failure to close the loop and failure to
institutionalize are cited as the most common omissions
when adaptive management is applied (Walters 1997), the
Northwest Forest Plan has made important progress, especially
if report findings continue to be considered.

Table 1. Monitoring expenditures of the Northwest Forest Plan, by year and monitoring module.

Cost per year (millions of dollars)

Module 1994 1995 1996 1997

1998 1999 2000 2001 2002 2003 2004 2005 Total

Spotted owl 1.8 1.8 1.8 1.7 1.6
Marbled murrelet - - - - -
Older forests - - - - -
Watersheds - - - - -
Implementation - - 0.2 0.3 0.2
Socioeconomics - - - - -
Biodiversity - - - - -
Tribal - - - - _
Program management - - - - -
Total 1.8 1.8 2.0 2.0 1.8

23
15
0.8
0.4
0.3
0.0
0.1
0.2
5.6

21 2.4 2.6 2.4 25 26 25.7
0.9 11 1.0 0.8 0.8 0.7 6.8
0.4 0.4 0.5 0.8 0.6 0.4 3.9
0.5 14 11 1.0 13 1.2 6.8
0.2 0.2 0.3 0.3 0.2 0.2 2.4
0.0 0.1 0.2 0.4 0.4 0.4 1.6
0.1 0.0 0.1 0.0 0.0 0.0 0.4
- 0.0 0.0 0.1 0.1 0.1 0.3
0.1 0.2 0.6 0.5 0.3 0.5 23
4.3 5.8 6.4 6.3 6.2 6.1 50.2
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Effective multiscale planning, managing, and interpreting is
difficult to implement. The plan pioneered a multiscale plan-
ning model by amending existing national forest and BLM
(Bureau of Land Management) district plans with regional
standards and guides, and by requiring additional analysis at
intermediate scales of 20,000- to 50,000-ha watersheds and
larger late-successional reserves. The de facto interpretation
of regional standards and guides as a rigid set of instructions
by many regulators and land-management agency specialists
(and some judges), however, stifled local flexibility, limiting
how local societal concerns and site-specific understanding
of ecosystem function could be accommodated in the stan-
dards and guides. For example, fuel reduction in late-
successional reserves in drier forests did not become a priority
until the 2002 fires, including the 240,000-ha Biscuit Fire,
rekindled the debate about the interactions of fire and late-
successional habitat. Looking forward, we expect multiscale
analysis, planning, and decisionmaking to remain impor-
tant challenges.

The 10-year interpretive teams struggled with aspects of
multiscale analysis and decisionmaking, often succeeding in
little more than describing the problem. One reason is the un-
derlying difficulty of integrating disparate scientific disci-
plines across scales. Because managers are more experienced
than researchers at blending science arguments, they have an
important role in helping scientists with integration. After the
interpretation was presented to key decisionmakers at the April
2005 conference (http://outreach.cof.orst.edu/nwforestplan/
index.php), a Forest Service administrator commented on
the need to at least boil the science down so that the various
pieces could be heard over a two-day conference. We suggest
that hearing all of the pieces at once is but the first step in in-
tegrating information. A second reason for this struggle is the
insufficiency of mechanisms for coordinating the decisions
of different managers across areas that make up a broader
scale.

Conclusions

With any strategy that has never been tried before, problems
should be expected, and the Northwest Forest Plan had its
share. Nonetheless, this plan was and remains a remarkably
bold strategy for its time: It pioneered regionally coherent
management strategies, introduced adaptive management
at the regional scale, and shifted the focus of multiple-use man-
agement from considering timber before other uses to con-
sidering other uses, including due consideration of current and
future endangered species, before timber.

A major lesson from the first decade of the plan is that the
ecological and social uncertainties of trying a new approach
go hand in hand with important uncertainties in the insti-
tutional processes. Whether adaptive management was a
success or not is difficult to assess because results are slow to
emerge and alternative outcomes can only be imagined, but
we think several important conclusions have surfaced. A
handshake approach to facilitate collaboration between the
scientists and managers is necessary to make adaptive
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management work. Also, more formalized and systematic
approaches—applied as core agency business—are likely to
lead to considerably more effective adaptive management
and to better future decisions: decisions that not only are based
on stronger evidence but also explore and possibly implement
a wider array of options. When elements of adaptive man-
agement were treated as core business, as in the regional
monitoring and interpretive steps, they influenced agency de-
cisions considerably more than when elements were not
treated as core business, as in the AMA network.

Another compelling lesson is that adaptive management
is less about current decisions than about mutual learning that
might lead to better future decisions. Mutual learning calls for
managers to consider learning as a core business and for the
science community to improve their performance in civic sci-
ence and their delivery of integrated, science-based evidence
and tools. The future pace of learning and adapting will be
determined by the extent to which decisionmakers can take
reasonable risks in the absence of proof, and the extent to
which different expectations about the temporal scales of
biophysical and socioeconomic systems are better matched.

The 10-year reports were released this past year, and agen-
cies responsible for the plan have so far published three de-
cisions (www.reo.gov/library/riec/2005/2089riecnote06012005.
htm). They have chosen to redesign their approaches to adap-
tive management to be more systematic and rigorous; to de-
velop more active ways of reducing fuels in fire-prone,
late-successional reserves; and to review changes to the mon-
itoring plan. These initial responses breathe hope into the idea
that adaptive management will fulfill its promise as a strat-
egy for effective stewardship of forest ecosystems.

Acknowledgments

We would like to thank the authors of the 10-year interpre-
tive report whose conclusions we draw upon. We are also grate-
ful for the comments from George Stankey, A. Ross
Kiester, Sean Gordon, and Martha Brookes.

References cited

Allenby BR, Richards DJ. 1994. The Greening of Industrial Ecosystems.
Washington (DC): National Academy Press.

Ashworth M]J. 1982. Feedback Design of Systems with Significant
Uncertainty. Chichester (United Kingdom): Research Studies Press.
Ayensu E, et al. 1999. International ecosystem assessment. Science 286:

685—686.

Bormann BT, Martin JR, Wagner FH, Wood G, Alegria J, Cunningham PG,
Brookes MH, Friesema P, Berg J, Henshaw J. 1999. Adaptive management.
Pages 505-534 in Johnson NC, Malk A, Sexton W, Szaro R, eds. Ecological
Stewardship: A Common Reference for Ecosystem Management.
Amsterdam: Elsevier.

Bormann BT, Lee DC, Kiester AR, Busch DE, Martin JR, Haynes RW. 2006.
Adaptive management and regional monitoring. Pages 219~240 in
Haynes RW, Bormann BT, Lee DC, Martin JR, eds. Northwest Forest
Plan—the First Ten Years (1994-2003): Synthesis of Monitoring and
Research Results. Portland (OR): US Department of Agriculture, Forest
Service, Pacific Northwest Research Station. General Technical Report
no. PNW-GTR-651.

Charnley S, tech. coord. 2006. Northwest Forest Plan—the First 10 Years
(1994-2003): Socioeconomic Monitoring Results. Portland (OR): US

www.biosciencemag.org




Forum

Department of Agriculture, Forest Service, Pacific Northwest Research
Station. General Technical Report no. PNW-GTR-649.

[FEMAT] Forest Ecosystem Management Assessment Team. 1993. Forest
Ecosyster Management: An Ecological, Economic, and Social Assessment.
Portland (OR): US Department of Agriculture, Forest Service, US
Department of Commerce, National Oceanic and Atmospheric
Administration, US Department of the Interior, Bureau of Land
Management, US Fish and Wildlife Service, National Park Service,
Environmental Protection Agency.

Franklin AB, Anderson DR, Gutierrez R], Burnham KP. 2000. Climate,
habitat quality, and fitness in northern spotted owl populations in north-
western California, Ecological Monographs 70: 539-590.

Gallo K, Lanigan SH, Eldred P, Gordon SN, Moyer C. 2005. Northwest
Forest Plan—the First 10 Years (1994-2003): Preliminary Assessment of
the Condition of Watersheds. Portland (OR): US Department of
Agriculture, Forest Service, Pacific Northwest Research Station. General
Technical Report no. PNW-GTR-647.

Haber S. 1964. Efficiency and Uplift: Scientific Management in the Pro-
gressive Era, 1890-1920. Chicago: University of Chicago Press.

Haynes RW, Bormann BT, Lee DC, Martin JR, eds. 2006. Northwest Forest
Plan—the First 10 Years (1994-2003): Synthesis of Monitoring and
Research Results. Portland (OR): US Department of Agriculture, Forest
Service, Pacific Northwest Research Station. General Technical Report
no. PNW-GTR-651.

Holling CS. 1978. Adaptive Environmental Assessment and Management.
New York: Wiley.

Huff MH, Raphael MG, Miller SL, Nelson SK, Baldwin J, tech. coords. 2006.
Northwest Forest Plan—the First 10 Years (1994-2003): Status and
Trends of Populations and Nesting Habitat for the Marbled Murrelet.
Portland (OR): US Department of Agriculture, Forest Service, Pacific
Northwest Research Station. General Technical Report no. PNW-GTR-
650.

Lee KN. 1993. Compass and Gyroscope: Integrating Science and Politics for
the Environment. Washington (DC): Island Press.

Lint J, tech. coord. 2005. Northwest Forest Plan—the First 10 Years
(1994-2003): Status and Trends of Northern Spotted Owl Populations
and Habitat. Portland (OR): US Department of Agriculture, Forest

www.biosciencemag.org

Service, Pacific Northwest Research Station. General Technical Report
no. PNW-GTR-648.

Milstein M. 2005. Old-growth forests gain ground. The Oregonian. 18 April.

Moeur M, et al. 2005. Northwest Forest Plan—the First 10 Years (1994-2003):
Status and Trend of Late-Successional and Old-Growth Forest. Portland
(OR): US Department of Agriculture, Forest Service, Pacific Northwest
Research Station. General Technical Report no. PNW-GTR-646.

Pipkin J. 1998. The Northwest Plan Revisited. Washington (DC): US De-
partment of the Interior, Office of Policy Analysis.

Popper KR. 1968. The Logic of Scientific Discovery. 2nd ed. New York:
Harper and Row.

Senge PM. 1990. The Fifth Discipline: The Art and Practice of the Learning
Organization. New York: Currency Doubleday.

Stankey GH, Bormann BT, Ryan C, Shindler B, Sturtevant V, Clark RN,
Philpot C. 2003. Adaptive management and the Northwest Forest Plan:
Rhetoric and reality. Journal of Forestry 101: 40-46.

Stankey GH, Clark RN, Bormann BT. 2005. Adaptive Management of
Natural Resources: Theory, Concepts, and Management Institutions.
Portland (OR): US Department of Agriculture, Forest Service, Pacific
Northwest Research Station. General Technical Report no. PNW-GTR-
654.

Stokstad E. 2005. Learning to adapt. Science 309: 688-690.

{USDA and USDI] US Department of Agriculture, Forest Service, US
Department of the Interior, Bureau of Land Management. 1994. Record
of decision for amendments to Forest Service and Bureau of Land
Management planning documents within the range of the northern
spotted owl: Standards and guidelines for management of habitat for
late-successional and old-growth forest related species within the range
of the northern spotted owl. (17 January 2007; www.reo.gov/library/
reports/newroda.pdf )

Wialters CJ. 1986. Adaptive Management of Renewable Resources. New York:
McGraw-Hill.

. 1997. Challenges in adaptive management of riparian and coastal

ecosystems. Conservation Ecology 1: 1.

doi:10.1641/B570213
Include this information when citing this material.

February 2007 / Vol. 57 No. 2 + BioScience 191



Copyright of Bioscience is the property of American Institute of Biological Science and its
content may not be copied or emailed to multiple sites or posted to a listserv without the copyright
holder's express written permission. However, users may print, download, or email articles for
individual use.





