
This is the fourth issue of the Adaptive Management Newsletter; a newsletter writ-
ten for people interested in concepts, projects, and events related to adaptive
management in B.C.. As you may have noticed, we haven’t published the newslet-
ter during the past two years. A shortage of resources combined with an increase in
the number of AM projects around the province requiring our assistance (a good
sign), has meant that we just haven’t been able to get the news out. We are happy
to report, however, that we now have some additional assistance and once again
plan to publish the newsletter twice a year, spring and fall. 

Single and Double Loop Learning
Adaptive management is essentially about learning how to better manage
complex ecological systems to meet multiple objectives. Argyris and Schon
(1978), experts in organizational learning, coined the terms “single loop
learning” and “double loop learning” to describe ways that organizations
learn. Most of us apply “single loop learning;” adaptive managers apply
both. 

“Single loop learning” occurs when you correct errors and solve the immedi-
ate problem you are faced with (e.g., how to hit the management target),
based on existing assumptions about how the system works. “Double loop
learning” means addressing the more basic questions of why a problem
occurred in the first place and whether the management target is correct. 
It means questioning the assumptions that underlie both common practices
and management objectives. 

Chris Argyris uses a thermostat to illustrate the difference between single
and double loop learning. “A thermostat is a single loop learner. It detects
when the air around it is too hot or too cold and corrects the situation by
turning the heat on or off.” 1 Double loop learning means figuring out why
the air is too hot (is the sun shining in the east-facing windows?) or too cold
(did someone leave the door open again?) and then correcting the basic prob-
lem. In some cases, this may also mean adjusting the management target
(perhaps maintaining a constant temperature of 20° C is not the most eco-
nomical way of keeping the room comfortable).  In this example it is easy to
see how double loop learning can save money — you close the door to reduce
heat loss instead of burning more oil in the furnace. Such “savings,” whether
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economic, ecological, or social, could also be achieved
by applying double loop learning to resource manage-
ment.

The following two examples illustrate single and dou-
ble loop learning in resource management.

Single loop 
In the 1960s and 1970s a number of spawning chan-
nels for sockeye salmon were built on B.C. rivers.2

The underlying assumption was that producing more
salmon fry would result in bigger runs of adult salmon.
Over time, channel construction and operation im-
proved, with a resulting increase in the number of fry
released. However, as of 1992, it was still not clear
whether the spawning channels led to any apprecia-
ble increase in the number of adult sockeye salmon.
This is an example of single loop learning — man-
agers focussed on the immediate problem (increasing
the number of fry) without questioning the value of
this target, or the basic assumption that it would
lead to bigger runs of adult sockeye salmon. In this
case, the costs of not using double loop learning were
continued investment in technology that may not be
effective and failure to investigate other possible
ways of improving adult runs.

Double loop
In B.C., managed forest stands must meet specified
stocking standards (the number of healthy, well-
spaced trees per hectare). However, in coastal forests,
these standards are often difficult to achieve because
of competing vegetation. Typical single loop solutions
that attempt to control competing vegetation met
with limited success. In addition, wildlife biologists
were concerned that successful control of competing
vegetation and the resulting high-density stands
would limit the availability of forage for grizzly
bears. In an example of double loop learning, man-
agers and biologists questioned the rationale
underlying the stocking standards. This led to
revised standards and alternative patterns of plant-
ing that are expected to provide both timber and
forage, while saving the costs associated with vegeta-
tion control.3

Resource managers must routinely solve practical
problems using single loop learning, but it is also
important to reconsider missed targets and question
the causes underlying management problems using
double loop learning. Failure to solve the underlying
causes of problems will mean that money and
resources invested in single loop solutions may have
little long-term benefit, resulting in economic, social,
and ecological costs. In contrast, double loop learning
can lead to creative solutions, such as the innovative
patterns of planting used to restock stands and pro-
vide grizzly bear forage in coastal B.C. forests.

For further information on single and double loop
learning:

Argyris, C. and D. Schon. 1978. Organization learn-
ing: a theory of action in perspective.
Addison-Wesley,  Reading, Mass. 

Argyris, C. 1990. Teaching smart people how to
learn. In R. Howard. (editor). The learning impera-
tive. Harvard Business Review, Cambridge, Mass.

Argyris, C. 1990. Overcoming organizational defens-
es. Allyn and Bacon, Needham Heights,  Mass.

Argyris, C. 1992. On organizational learning.
Blackwell Publishers, Cambridge, Mass.

Lee, K. 1993. Compass and gyroscope. Island Press,
Washington, D.C.

Project Update
The BC Forest Service is undertaking a number of
pilot projects throughout B.C. to evaluate and demon-
strate how to apply adaptive management, and a
number of these projects have been discussed in pre-
vious issues of the newsletter. At the same time,
resource managers outside the Forest Service are
also applying adaptive management to their opera-
tions. In this issue of the newsletter, we highlight the
adaptive management and monitoring component of
Weyerhaeuser BC Coastal Group’s Forest Project. 
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2 Hilborn, R. 1992. Institutional learning and spawning channels for sockeye salmon (Onchorynchus nerka). Canadian Journal of Fisheries
and Aquatic Science 49:1126-1135. 

3 McLennan, D.S. and T. Johnson. 1993. An adaptive management approach for integrating grizzly bear habitat requirements and silvicultural
practices in coastal B.C.: working plan. Oikos Ecological Consultants, Smithers, B.C. for T. Hamilton, Wildlife Branch, B.C. Ministry of
Environment, Lands and Parks.
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Adaptive Management in Action 
on the B.C. Coast
In June 1998, MacMillan Bloedel Ltd. (now
Weyerhaeuser BC Coastal Group) announced its
Forest Project. The company’s goal is to increase old-
growth conservation and replace clearcutting with
variable retention4 harvesting and silviculture sys-
tems within a framework of “stewardship zones” on
the B.C. coast. The Forest Project will be phased in
over five years and will cover approximately 1.1 mil-
lion hectares of the company’s private land and
crown tenures on Vancouver Island, the Sunshine
Coast, the mid-coast, and the Queen Charlotte
Islands. Weyerhaeuser BC will use an adaptive man-
agement approach to focus on key uncertainties in
the new harvesting and silviculture systems and con-
siders adaptive management key to successfully
implementing the project.

Glen Dunsworth, Ecophysiologist, Bill Beese, Forest
Ecologist, and Nick Smith, Manager, Growth and
Yield, of Weyerhaeuser have pulled together a group
of respected scientists and resource managers to
guide development of an adaptive management
framework. This Adaptive Management Working
Group has representatives from the UBC Centre for
Applied Conservation Biology, the Ministry of
Environment, Lands and Parks, the Ministry of
Forests, and Weyerhaeuser. Dunsworth notes, “we
are developing an adaptive management framework
that focuses on the biodiversity or biological richness
objectives of the Forest Project. Put in other terms,
did we do what we said we would do in terms of cap-
turing key ecological attributes and did it work in
terms of organism use of those attributes?”   The

framework will outline the logic behind the criteria5

chosen, describe the indicators that will be moni-
tored, and identify mechanisms to ensure that forest
management actions are taken based on the results
of the monitoring.

With funding from both the company and Forest
Renewal BC, through Weyerhaeuser’s Enhanced
Forest Management Pilot Project, the working group
assessed 55 variable retention settings in 1999 for
potential use in monitoring, and plans to assess 100
more blocks in 2000. As well, the group has been
evaluating the criteria and associated indicators it
will use to monitor birds, bryophytes, and terrestrial
gastropods; and, in 2000, with the help of NSERC
and FRBC multi-year agreement funding, will add
terrestrial and aquatic amphibians, lichens, and
squirrels.

Both passive and active adaptive management
approaches6 will be used at both a stand and land-
scape level to monitor the effects of implementing the
Forest Project. 

For the passive component, at the stand level, the
effect of using variable retention harvesting and silvi-
culture systems will be monitored against the
indicators identified in the framework; and, at the
landscape level, the effect of the stewardship zones
will be examined against the indicators. 

The active stand and landscape components involve a
number of experiments designed to address specific
questions related to maintaining biological richness.
Each division will choose two or three treatment sites
(15 across the company), and on these blocks the
company will monitor growth and yield, regeneration,
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4 “Variable retention [is] an approach to silvicultural systems and forest harvesting in which structural elements of the existing stand are
retained throughout the harvested area for at least one rotation to achieve specific management objectives. The approach utilizes a wide
spectrum of retention with varying amounts, types and spatial patterns of dead trees.” MacMillan Bloedel Limited. 1998. Overhead presen-
tation.

5 Although the company has a number of criteria for determining whether the project is a success, Weyerhaeuser’s adaptive management and
monitoring framework focuses on one criterion, maintaining biological richness, and describes three main indicators that will be used to
assess whether the criterion is being met: 
Indicator 1: Productive populations of species are well distributed throughout Weyerhaeuser BC’s coastal tenure. (Species that will be mon-
itored include certain terrestrial vertebrates [e.g., birds and small mammals] and non-vertebrate groups [e.g., bryophytes and lichens]).
Indicator 2: The amount, distribution, and heterogeneity of habitat and landscape elements important to sustain biological richness are
maintained over time. 
Indicator 3: Ecologically distinct habitat types are represented across Weyerhaeuser BC’s coastal tenure to maintain lesser known species
and ecological functions. MacMillan Bloedel  Limited. 1999. MacMillan Bloedel’s forest plan: monitoring biological diversity (unpublished
draft).

6 Adaptive management can be active or passive.  Both carefully synthesize existing information about the system, monitor responses, and
then adjust future actions and objectives. With active adaptive management, managers compare plausible alternatives by designing manage-
ment interventions as experiments. With passive adaptive management, managers implement a single management policy or practice, based
on existing understanding of the system.



forest organisms, habitat attributes, forest health,
windthrow, and costs. Key questions include: “What
is the effect of the amount (per cent retention level)
and pattern of retention (dispersed, small group,
large group, mixed dispersed/group) on the various
attributes?” and “What is the effect of size of open-
ings and timing of adjacent openings on those
attributes and the organisms that use them?”

The adaptive management and monitoring frame-
work should be complete in 2000 and the working

group will continue pilot-testing protocols and assess-
ing organisms until 2003, when they anticipate
having a full monitoring program operational on the
Coast. 

For more information on this project contact Glen
Dunsworth, Ecophysiologist, Weyerhaeuser BC
Coastal Group, by e-mail at bg.dunsworth@weyer-
haeuser.com or regular mail at 65 Front Street,
Nanaimo, B.C., V9R 5H9.
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Adaptive Management and Monitoring Framework

Stand Landscape

Active ActivePassive Passive

Three-cluster Treatment Plots 
(Two per division by 2003)

Experimental Landscape Unit 
(One per zone by 2003)

Variable Retention Zoning
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On-line journal:
Conservation Ecology is an on-line, peer-reviewed
journal published by the Ecological Society of
America. It publishes both applied and theoretical
articles, on topics such as: the conservation of
ecosystems, landscapes, species, populations, and
genetic diversity; the restoration of ecosystems
and habitats; and the management of resources,
including adaptive management. It encourages
papers on “topics that also integrate the biological
and physical sciences, the natural and social sci-
ences, science and policy, and those that develop
analyses across space and time scales.”
Check it out at: http://www.consecol.org/Journal

http://www.for.gov.bc.ca/hfp/amhome/amhome.htm

Catch us …

on the Web at:



In our last two newsletters we printed and responded to comments on the working definition of adaptive man-
agement included in our first newsletter (Fall 1997). Here is another comment, excerpted from a longer letter.
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Questions????
Comments!!!!&

Comment…
.... If Adaptive Management is going to work effi-
ciently, then provisions must be made to incorporate
the results of outcomes in a planned and periodic, not
ad hoc and retroactive fashion.

Just as an industrial control device provides feedback
to a machine to improve the quality of work on the
next piece, so too should Adaptive Management fos-
ter application of policy or procedure improvements
on the next piece or work. You can easily see that if a
piece of product is sent back again and again, no fin-
ished product will result. Changes in forest policy
and practice must also apply to the next submission,
not existing submissions.

Doug Routledge
General Manager, Forestry
Northern Forest Products Association

Response…
Good point!  Applying the lessons learned in a
planned and periodic way is certainly critical to adap-
tive management. The schedule for considering
changes to policies or practices, and even the way in
which they will be changed depending on results of
adaptive management, should ideally be built in to
the process right from the start. This can foster a
common understanding among those involved in
managing forest ecosystems of 1) how they will use
the information gained through monitoring and 2)
how they will change the models (mental or computer
simulation) they use to make resource management
decisions.

Deciding when and how to use new information is not
a trivial matter. Managers have to consider: When

should I adjust my actions?  How confident must I 
be that monitoring results truly reflect a response by
the system to management actions, rather than to
natural variation or background noise?  In answering
these questions, managers need to weigh the cost of
adjusting prematurely or incorrectly, based on pre-
liminary information, against the cost of adjusting
later, when they are more confident in the monitor-
ing results but by which time any “mistake” may be
more difficult and expensive to correct. 

Tools such as quantitative decision analysis can help
in assessing these trade-offs and in designing useful,
cost-effective monitoring programs. For a primer on
this topic, see the publication Making monitoring
work for managers in the Recent Publications section
of this newsletter.

Adaptive management is certainly not meant to keep
resource managers forever paralyzed in the planning,
submission, and approvals stage. Improving and
revising plans can take us only so far. At some point
we need to implement, test, and evaluate those plans
on the ground, using a well-designed monitoring pro-
gram. The product of adaptive management is not a
“perfect management plan;” it is improved forest
management. 

“There is no way to guarantee that any design even
includes the ‘best possible’ option. The best that can
be expected from processes like AEAM is to identify
options that are potentially better than whatever
baseline engendered debate about the need for exper-
imentation or policy change in the first place.”
Walters and Green  (1998)
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Salafsky, N. and R. Margoluis. 1999. Greater than the
sum of their parts: designing conservation and devel-
opment programs to maximize results and learning. 
A practical guide for program managers and donors.
Biodiversity Support Program, Washington, D.C.

Lee, D.C. and G.A. Bradshaw. 1998. Making monitor-
ing work for managers: thoughts on a conceptual
framework for improved monitoring within broad-
scale ecosystem management efforts. [October draft
online at http://www.icbemp.gov/spatial/lee_moni-
tor/begin.html]

Margoluis, R. and N. Salafsky. 1998. Measures of 
success: designing, managing and monitoring conser-
vation and development projects. Island Press,
Washington, D.C.

Walters, C.J. and R. Green. 1998. Valuation of experi-
mental management options for ecological systems.
Journal of Wildlife Management 61:987-1006. 

Walters, C.J. 1997. Challenges in adaptive manage-
ment of riparian and coastal ecosystems.
Conservation Ecology [online] 1:1-20.

MacDonald, G.B., R. Arnup, and R.K. Jones. 1997.
Adaptive forest management in Ontario: a literature
review and strategic analysis. Ontario Forest
Research Institute, Ministry of Natural Resources.
Forest Research Information Paper No. 139.

Sainsbury, K.J., R.A. Campbell, R. Lindholm, and
A.W. Whitelaw. 1997. Experimental management of
an Australian multi-species fishery: examining the
possibility of trawl-induced habitat modification. In
E.K. Pikitch, D.D. Huppert and M.P. Sissenwine (edi-
tors). Proceedings of the American Fisheries Society
Symposium 20: Global Trends: Fisheries
Management. Seattle, Wash.

Keough, M.J. and B.D. Mapstone. 1995. Protocols for
designing marine ecological monitoring programs
associated with BEK mills. National Pulp Mills
Research Program, Technical Report No. 11.

The B.C. Ministry of Forests recently released two
publications on adaptive management. Both can be
downloaded from the web or you can order copies
from the addresses listed below.

Taylor, B., L. Kremsater, and R. Ellis. 1997. Adaptive
management of forests in British Columbia. B.C.
Ministry of Forests. Victoria, B.C.

Printed copies available from:
Queen’s Printer Publications
http://www.publications.gov.bc.ca/

Electronic copies available on the Ministry of Forests
web site: http://www.for.gov.bc.ca/hfd/
pubs/docs/sil/sil426.htm

Sit, V. and B. Taylor (editors). 1998. Statistical meth-
ods for adaptive management studies. B.C. Ministry
of Forests. Land Management Handbook No. 42.
Victoria, B.C.

Printed copies available from:
Crown Publications
521 Fort St., Victoria, B.C., Canada
Fax: 250-386-0221  Tel: 250-386-4636

Electronic copies available on the Ministry of Forests
website: http://www.for.gov.bc.ca/hfd/
pubs/docs/lmh/lmh42.htm
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ecent
Publications

We welcome your comments and questions on
any issues in adaptive management. We are
particularly interested in any case studies or in
solutions to barriers that you or others have
faced in implementing adaptive management. 

Please send all correspondence and requests to:

Brian Nyberg
Forest Practices Branch
BC Forest Service
P.O. Box 9513 Stn. Prov. Govt
Victoria, B.C.,  Canada  V8W 9C2

email: Brian.Nyberg@gems6.gov.bc.ca



“But in many situations.... impacts of changing management practice over
time have been badly confounded with impacts of concurrent ecological,
environmental, and economic changes; this confounding has led to bitter

debates about the efficacy of and need for the management practices.
Deliberate management experiments, or management as deliberate experimen-

tation, can be viewed as any attempts to overcome this confounding by
conducting planned comparisons under the same or widely varying environmental
circumstances, so as to answer questions of the form ‘how much better did the
system perform under policy X than it would have if X had not been used.’”

— Walters and Green (1998) 
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Kicking Down the Barriers

7 Experimental conditions are replicated when the same combination of factors occurs in more than one treatment unit.
8 There are two types of incorrect inference. The Type I error of inference is committed when one infers that a treatment effect exits, when in

fact it does not. Alpha (α), the probability of committing a Type I error of inference, is traditionally set at 0.05, to limit the chances of mak-
ing a Type I error to 5%. The Type II error of inference is committed when one infers that no treatment effect exists when in fact it does.
Beta (β) is the probability of committing a Type II error of inference. 

9 Statistical power (1-β) is the probability of correctly inferring that a treatment effect exists.
10 Effect size is the size of an effect or response that the experimenter/manager wants to detect.

For further discussion of the relationships between power, effect size and errors of inference, please refer to Sit, V. and B. Taylor (editors).
1998. Statistical methods for adaptive management studies. B.C. Ministry of Forests,  LMH No. 42. Victoria, B.C. To order a copy, please see
Recent Publications on page 6 of this newsletter.

Given that adaptive management promises substan-
tial benefits and has been around for over 20 years,
why isn’t it more widely practiced?  People who
implement adaptive management often face a num-
ber of barriers that may be technical (e.g., finding
controls for large geographic areas), economic (e.g.,
the cost of monitoring), or institutional (e.g., regula-
tions that make it difficult to try new things). In each
issue of this newsletter we highlight a potential bar-
rier, and offer some concrete solutions for how it can
be avoided minimized or overcome. 

In adaptive management, actions are deliberately
designed to yield reliable information about their
impacts on values of concern. In order to distinguish
treatment impacts from changes due to confounding
factors and natural variation, textbooks on experi-
mental design advocate comparing treated units to
untreated control units, and replicating7 both. Replic-
ation decreases the chance of making an incorrect
inference8 from the data and increases the statistical

power9 of the design to detect an effect of a defined
size.10

Replication of treatments and controls is an integral
part of statistically valid designs. Replication is rela-
tively straightforward when applying treatments and
assessing their impacts at a small scale (e.g., a few
hectares).  Providing sufficient replication can be
challenging, however, if impacts are to be assessed
over a large area (e.g., a watershed or landscape unit)
or on a particular ecosystem (e.g., the Florida
Everglades or the Fraser River Basin). 

Spatial replication may be limited by:

• problems in finding “enough” units that meet the
design criteria;

• costs and logistical constraints of monitoring sev-
eral large units; or

• reluctance to apply “experimental” treatments (or
to continue to apply what is seen as the unsatis-
factory status quo) in too many areas. 

Long response times and short planning horizons
may limit temporal replication (see Summer 1997
issue of this newsletter for further discussion of long
time frames). 

In addition, the number of pre-treatment measure-

Barrier: Replication



ments may be limited by pre-determined implemen-
tation dates. For example, in cases where a cutting
permit has been issued (and delaying cutting is not
an option), it may be possible to get only one pre-
treatment data point. 

Replication is only one factor that affects statistical
power and the chances of making an incorrect infer-
ence. Reducing variance,11 increasing effect size, and
increasing alpha (α) will also increase statistical
power, without increasing the number of replicates
required. Therefore, it may be possible to achieve the
same statistical power with fewer replicates.  

1Use historical data or pilot studies to better esti-
mate variance and to develop and test techniques

that may reduce measurement error. Grouping treat-
ment units with similar characteristics into blocks
can also reduce variance.

2Choose an effect size that is significant for man-
agement decisions. There is no practical value in

designing a management experiment capable of
detecting effects that are so small that they won’t
lead to any management changes. Effect sizes that
are not relevant to management unnecessarily limit
statistical power or increase the number of required
replicates.

3Allow α to vary from the conventional level of
0.05. Better yet, set both α and β by taking into

account the relative costs of Type I and Type II
errors. The convention of setting α=0.05 places a high
value on avoiding an incorrect conclusion that a
treatment effect exists (Type I error), but can
increase the chance of incorrectly concluding that no
treatment effect exists when if fact it does (Type II
error). In resource management, the costs of both
Type I and Type II errors can be substantial.

4Take advantage of various tools for evaluating
alternative designs and weighing the trade-offs

between increased replication and increased cost. 
For example, Judith Anderson of Simon Fraser
University has developed models that allow one to
vary a number of design parameters (e.g., α, effect
size, n) and assess the costs of each design for vari-
ous stakeholders, taking into account both the costs
of the experiment (e.g., monitoring costs, opportunity
costs) and the costs of making an incorrect inference.
In some cases, the optimum level of replication may
be lower than initially thought (e.g., if α had been set
very high). (These models are available from Simon
Fraser University’s website at http://www.rem.
sfu.ca/forestry/download/download.htm)

5Select indicators that are responsive to treat-
ments, that are easy to measure, and that show

limited variation. Reducing variance and increasing
effect size will reduce the number of replicates need-
ed to distinguish treatment effects from background
noise. In addition, choosing indicators that are inex-
pensive to measure may allow more replication of
treatments (if the cost of monitoring is the factor lim-
iting replication).

6Don’t try to test too many treatments at once,
since this increases the total number of units

required. (Testing two treatments in two watersheds
each requires four watersheds; testing four treat-
ments in two watersheds each requires eight
watersheds.)

7Use a Before-After-Control-Impact Paired
(BACIP) study (where before and after measures

are made at paired treatment and control sites) or
similar design12 when there is only one “treatment
unit.” These types of designs were specifically devel-
oped for cases where spatial replication is impossible
(as is often the case with very large areas or with
Environmental Impact Assessments).

8Recognize that there is rarely 100% certainty
about the outcome of any management decision;

nevertheless, decisions must be made. The standard
of certainty required for making management deci-
sions (and thus the number of replicates required to
achieve that standard) might be less than that
demanded by scientific journals.
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11 Variance is a measure of the amount of variability in the data. Both measurement error and natural variation among treatment units con-
tribute to variance.

12 Keough and Mapstone (1995) provide an excellent, very readable evaluation of monitoring designs that can be used when there is only a sin-
gle treatment site. They strongly recommend replicating control sites, even when there is only a single treatment site.

Solutions
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