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Adaptive management of ecosystems (e.g., Holling
1978, Walters 1986, Everett et al. 1994, Grumbine
1994, Yaffee 1994, Gunderson et al. 1995, Frentz et
al. 1995, Montgomery et al. 1995) structures a system
in which monitoring iteratively improves the knowl-
edge base and helps refine management plans. This
adaptive approach acknowledges that action is neces-
sary or appropriate with imperfect knowledge (Raiffa
1968, Walters 1986, Everett et al. 1994, USDA/FS and
DOI/BLM 1994b) and that initial actions can be refined
as more information becomes available. Imperfect
knowledge is the case in ecosystem management par-
ticularly when the plan includes the management of
complex ecological patterns and processes over large
areas and long periods of time. In such cases, we sug-
gest that an adaptive approach should apply not only
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4 While on assignment from U.S. Department of Agricul-
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to the management of the ecosystem, but also to the
design of the monitoring program.

As the core members of an interagency Monitoring
Design Group (MDG), we developed a monitoring
strategy for the Northwest Forest Plan. The Northwest
Forest Plan (Dwyer 1994, Society of American For-
esters 1994, Tokar 1994, USDA/FS and DOI/BLM
1994a, b, Yaffee 1994) is an adaptive ecosystem man-
agement plan mandated by the President. This regional
plan amends 26 local Forest Service and Bureau of
Land Management plans. It applies to all 10 million
hectares of Federally administered lands west of the
Cascades in the Pacific Northwest. It prescribes an in-
teragency implementation effort tied to broad ecolog-
ical goals (see the goals in Appendix A in Mulder et
al. 1995, and pages B1-11 in USDA/FS and DOI/BLM
1994b).

Our work (Mulder et al. 1995, Tolle and Czaplewski
1995) suggests that it would be appropriate to consider
the monitoring plan itself as an adaptive plan. We pro-
pose that this concept be embodied in the term ‘‘adap-
tive monitoring design.”” While an incremental ap-
proach to monitoring design is not novel (e.g., Cain
and Castro 1959, Gauch 1982, Strayer et al. 1986, Mor-
rison 1994, Stevens 1994, Powell 1995, Powell and
Steele 1995, Steele 1995), the approach that we offer
incorporates new features to meet the needs of a new
application. The new features include the iterative links
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between the presentation of information, its consider-
ation from both a users’ and a developers’ perspective,
and then the consideration of a refined monitoring de-
sign.

MONITORING DESIGN AS AN ADAPTIVE PROCESS

A technically sound and usable regional monitoring
strategy must have several characteristics. First, it must
define the questions to be addressed in rigorous quan-
titative terms (Green 1979, Likens 1983, Wolfe et al.
1987, Hicks and Brydges 1994, Noss and Cooperrider
1994, Kondolf 1995, Larsen et al. 1995). This includes
specifying the exact characteristics to be monitored
(e.g., addressing questions such as, ‘““What constitutes
an intermittent stream or an old-growth forest?), the
temporal and spatial characteristics of interest, and sta-
tistical issues such as Type I and II probabilities (e.g.,
Peterman 1990). Second, this design must account for
issues of ecological and policy significance in addition
to issues of statistical significance; third, it must be
regionally and temporally consistent; and fourth, it
must be clearly linked to specific ecosystem manage-
ment needs.

Several major technical and institutional obstacles
limit our ability to design and implement a monitoring
program that has these characteristics:

1) Qualitative objectives. Considerable refinement (al-
beit within the original scope) of the existing qual-
itative objectives, and the specification of indicators
tied to those qualitative objectives, must take place.
Since these objectives reflect the outcome of policy
deliberations (at the national level in the case of the
Northwest Forest Plan), their refinement requires a
carefully structured interaction between the scien-
tific community and the public policy process,

2) Inconsistent, unharmonized or unavailable methods.
This is not only an issue for sampling protocols,
but also for other issues. We have found, for ex-
ample, that attempts to use analyses based on clas-
sified rather then continuous data present significant
problems. These problems reflect changes in sci-
entific understanding or policy needs, which dic-
tate(d) particular classifications.

3) Lack of information to estimate the characteristics
of environmental features over the relevant time and
space scales.

4) Limited insight on priorities. Our experience has
been that priorities will not be apparent or well ar-
ticulated at the outset of the design of a regional
monitoring strategy, and are likely to change over
time. As data sets, their analyses, and costs become
available, objective foundations for setting priori-
ties will emerge.

In recognition of these technical and organizational
requirements and obstacles, we propose an adaptive
approach to monitoring design. Adaptive monitoring
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design incrementally refines the monitoring design un-
til these four barriers are reduced. In the course of this
adaptive process, monitoring must:

1) Support natural resource managers and the public
in refining the regional objectives, in revising the
implementation of the Plan, in setting monitoring
priorities, and most importantly in understanding
the status of the resource being managed.

2) Support monitoring system designers in revising the
monitoring design.

Specific examples of how an adaptive monitoring
design might be implemented are provided in Mulder
et al. (1995). In the case of stream monitoring the pro-
posal would initiate monitoring as a provincial (the
Northwest Forest Plan region contains 10 provinces)
methods intercomparison and progressing to a fully
implemented regional monitoring program. In the case
of the >400 species of plants and animals whose future
is not certain under the plan (the Survey and Manage
species), it takes the form of the iterative improvement
of a series of habitat-species models and field surveys.

While an adaptive approach to monitoring design has
significant advantages, it has its own potential prob-
lems. The potential difficulties with an adaptive ap-
proach include the potential for a lack of long-term
consistency especially during the most adaptive phases
of the design, and the demands imposed on the time
of senior science and policy personnel for a high level
of continuing analysis and interaction.

An adaptive approach to monitoring design can
strengthen the institutional ties that are essential for
successful ecosystem management. Strong ties are im-
portant not only for ensuring that long-term monitoring
enjoys the broad level of support and clarity of mission
that will ensure its long-term financial support, but also
for technical success. This level and type of interaction
are essential for the success of the monitoring plan,
and for the success of adaptive management as a whole.

ACKNOWLEDGMENTS

The authors acknowledge the thoughtful comments of Gay
Bradshaw, Bob Hughes, Dixon Landers, Steve Paulsen, Jer-
oen Gerritsen, Gretchen Hayslip, Ed Starkey, Tom Spies, Wil-
la Nehlsen, Rich Sumner, and others in developing this anal-
ysis. This document has been subject to EPA’s peer and ad-
ministrative review and approved for publication.

LITERATURE CITED

Cain, S. A., and G. M. d. O. Castro. 1959. Manual of veg-
etation analysis. Harper & Row, New York, New York,
USA.

Dwyer, W. L. 1994. Seattle Audubon Society, et al. v. James
Lyons, Assistant Secretary of Agriculture et al. Order on
motions for Summary Judgment RE 1994 Forest Plan. U.S.
District Court, Western District of Washington at Seattle,
Washington, USA.

Everett, R., C. Oliver, J. Saveland, P. Hessburg, N. Diaz, and
L. Irwin. 1994. Adaptive ecosystem management. Pages
340-354 in M. E. Jensen and P. S. Bourgeron, editors.
Volume II. Ecosystem management: principles and appli-



August 1996

cations. U.S. Department of Agriculture Forest Service,
Pacific Northwest Research Station, U.S. Department of
Agriculture, Northern Region and The Nature Conservan-
cy.

Frentz, 1., P. Hardy, S. Maleki, A. Phillips, and B. Thorpe.
1995. Ecosystem management in the U.S.: an inventory
and assessment of current experiences. University of Mich-
igan, School of Natural Resources, Ann Arbor, Michigan,
USA.

Gauch, H. G. 1982. Multivariate analysis in community ecol-
ogy. Cambridge University Press, New York, New York,
USA.

Green, R. H. 1979. Sampling design and statistical methods
for environmental biologists. Wiley-Interscience, New
York, New York, USA.

Grumbine, R. E. 1994. What is Ecosystem Management?
Conservation Biology 1994:27-38.

Gunderson, L. H., C. S. Holling, and S. Light, editors. 1995.
Barriers and bridges to the renewal of ecosystems and in-
stitutions. Columbia University Press, New York, New
York, USA.

Hicks, B. B., and T. G. Brydges. 1994. Forum: a strategy
for integrated monitoring. Environmental Management 18:
1-12.

Holling, C. S., editor. 1978. Adaptive environmental as-
sessment and management. John Wiley & Sons, New York,
New York, USA.

Kondolf, G. M. 1995. Five elements for effective evaluation
of stream restoration. Restoration Ecology 3(2):133-136.
Larsen, D. P., N. S. Urquhart, and D. L. Kugler. 1995. Re-
gional scale trend monitoring of indicators of trophic con-

dition of lakes. Water Resources Bulletin 31:1-23.

Likens, G. E. 1983. A priority for ecological research. Bul-
letin of the Ecological Society of America 64:234-243.

Montgomery, D. R., G. E. Grant, and K. Sullivan. 1995.
Watershed analysis as a framework for implementing eco-
system management. Water Resources Bulletin 31:369—
386.

Morrison, M. L. 1994. Resource Inventory and Monitoring.
Restoration and Management Notes 12:179-183.

Mulder, B., J. Alegria, R. Czaplewski, P. Ringold, and T.
Tolle. 1995. Effectiveness monitoring: an interagency pro-
gram for the Northwest Forest Plan with an emphasis on:
late-successional forest, Northern Spotted Owl, marbled
murrelet, survey and manage, and riparian and aquatic.
Research and Monitoring Committee, Portland, Oregon,
USA.

Noss, R. E, and A. Y. Cooperrider. 1994. Saving nature’s
legacy. Island Press, Washington, D.C., USA.

Peterman, R. M. 1990. Statistical power analysis can im-
prove fisheries research and management. Canadian Journal
of Fisheries and Aquatic Sciences 47:2-15.

Powell, T. M. 1995. Physical and biological scales of vari-
ability in lakes, estuaries and the coastal ocean. In T. M.

PERSPECTIVES ON ECOSYSTEM MANAGEMENT

747

Powell and J. H. Steele, editors. Ecological time series.
Chapman and Hall, New York, New York, USA.

Powell, T. M., and J. H. Steele, editors. 1995. Ecological
time series. Chapman and Hall, New York, New York,
USA.

Raiffa, H. 1968. Decision analysis: introductory lectures on
choices under uncertainty. Addison-Wesley, Menlo Park,
California, USA.

Society of American Foresters. 1994. Journal of Forestry 8.

Steele, J. H. 1995. Can ecological concepts span the land
and ocean domains? In T. M. Powell and J. H. Steele, ed-
itors. Ecological time series. Chapman and Hall, New York,
New York, USA.

Stevens, D. L. 1994. Implementation of a National Moni-
toring Program. Journal of Environmental Management 42:
1-29.

Strayer, D., J. S. Glitzenstein, C. G. Jones, J. Kolasa, G.
Likens, M. J. McDonnell, G. C. Parker, and S. T. A. Pickett.
1986. Long-Term ecological studies: an illustrated account
of their design, operation, and importance to ecology. In-
stitute of Ecosystem Studies, Millbrook, New York, USA.

Tokar, B. 1994. Between the loggers and the owls: the Clin-
ton Northwest Forest Plan. Ecologist 24(4):149-153.

Tolle, T., and R. L. Czaplewski. 1995. An Interagency Mon-
itoring Design for the Pacific Northwest Forest Ecosystem
Plan. In J. E. Thompson, compiler. Analysis in support of
ecosystem management. U.S. Department of Agriculture
Forest Service, Ecosystem Management Analysis Center,
Washington, D.C., USA.

USDA/FS and DOI/BLM. 1994a. Final supplemental envi-
ronmental impact statement on management of habitat for
late-successional and old-growth forest related species
within the range of the Northern Spotted Owl. U.S. De-
partment of Agriculture Forest Service and U.S. Depart-
ment of the Interior, Bureau of Land Management, Portland,
Oregon, USA.

. 1994b. Record of decision for amendments to Forest
Service and Bureau of Land Management Planning docu-
ments Within the range of the Northern Spotted Owl and
standards and guidelines for management of habitat for
late-successional and old-growth forest related species
within the range of the Northern Spotted Owl. U.S. De-
partment of Agriculture Forest Service and U.S. Depart-
ment of the Interior, Bureau of Land Management, Portland,
Oregon, USA.

Walters, C. 1986. Adaptive management of renewable re-
sources. Macmillan, New York, New York, USA.

Wolfe, D. A., M. A. Champ, D. A. Flemer, and A. J. Mearns.
1987. Long-Term biological data sets: their role in re-
search, monitoring, and management of estuarine and
coastal marine systems. Estuaries 10(3):181-193.

Yaffee, S. L. 1994. The wisdom of the Spotted Owl: policy
lessons for a new century. Island Press, Washington, D.C.,
USA.




