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Achieving forest biodiversity outcomes across scales, 
jurisdictions and sectors with cycles of adaptive management

integrated through criteria and indicators
by B.J. McAfee1, C. Malouin2 and N. Fletcher3

ABSTRACT 
The national forest strategy provided a model for Canada’s international support for sustainable development, which later
resulted in the development of a national biodiversity strategy. Adaptive management is a preferred approach for imple-
menting such policies where incomplete knowledge and the highly variable dynamics associated with natural ecosystems
are challenges. While the concept of adaptive management is embedded in various policies, complete implementation is
only beginning in Canada. Case studies on adaptive management frameworks focusing on conservation and sustainable
management of forest biodiversity compare how information has been integrated across spatial scales, jurisdictions and
sectors of activity. To monitor progress in sustainable forest management, the Canadian Council of Forest Ministers estab-
lished a framework of criteria and indicators in 1995. The potential for criteria and indicators reporting to drive cross-
scale adaptive management of Canada’s biological resources is discussed.
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RÉSUMÉ
L’appui du Canada au développement durable à l’échelle internationale a mené à l’élaboration de la stratégie nationale
sur la diversité biologique et à la stratégie nationale sur la forêt. L’aménagement adaptatif est la voie d’application
privilégiée de telles politiques quand le manque de connaissances sur les écosystèmes naturels et leur dynamisme en
constante évolution posent en soi un défi. Bien que le concept de l’aménagement adaptatif soit enchâssé dans diverses
politiques, sa mise en œuvre intégrale ne fait que commencer au Canada. Des études de cas comparent la manière dont
l’information, présentée selon une multitude d’échelles spatiales, de juridictions et de secteurs d’activité, a été intégrée
dans un cadre d’aménagement adaptatif axé sur la conservation de la biodiversité forestière et l’aménagement durable.
Afin de suivre les progrès de l’aménagement forestier durable, le Conseil canadien des ministres des forêts a défini en 1995
un cadre de critères et d’indicateurs. On discute de la possibilité d’utiliser ce cadre comme cadre de gestion à
l’aménagement adaptatif à différentes échelles.
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Introduction
The conservation of biodiversity was identified as essential for
human well-being in the Millennium Ecosystem Assessment
(MEA 2005). This assessment, involving more than 1300 sci-
entists from 95 countries, studied the impact of human activ-
ities on the services provided by ecosystems. Biodiversity, the
variability within genes, species, ecosystems and their interac-
tions, is the basis of Canada’s natural capital and national
legacy, providing many direct and indirect benefits. Benefits
from biodiversity, estimated as the underpinning for up to
40% of the global economy (Packer and MacDonald 2002),
range from essential life support services such as water and air
purification and carbon cycling, to pollination and also
include artistic inspiration and spiritual values and products
such as fibre, fuel and medicine.

Forests, considered as the single most important reposi-
tory of global biodiversity (UNEP 2005, Kapos and
Iremonger 1998), provide habitats for about two-thirds of the
species in Canada (Mosquin et al. 1995). Maintaining biodi-
versity allows for a continued flow of goods and services from
forest ecosystems to communities. Both the value of sustain-
ing forest-based natural capital and its replacement value,
now and in the future, are estimated to be high (Olewiler
2004). However, all of the proposed systems for valuing the
many goods and services have some problems.

Strategies to conserve forest biodiversity may be either
static or dynamic, ranging from the creation of protected areas
to the adoption of natural disturbance regimes in areas man-
aged for intensive or multiple uses. While networks of pro-
tected areas form the backbone of any conservation strategy,
the maintenance of biodiversity is dependant on management
actions at the landscape level (Margules and Pressey 2000,
Gaston et al. 2002). Objectives for biodiversity are now
included in sustainable forest management policies in most
Canadian jurisdictions (Neave et al. 2002) and are considered
to be as important as production objectives (Work et al. 2003).

Successful implementation of many existing policies is
limited, however, by the lack of monitoring data and the
absence of mechanisms for gathering and aggregating multi-
ple-scale data. Canada’s ability to accurately assess or provide
a complete report on stewardship of its biological resources is
further constrained by the lack of a national biodiversity
monitoring program or standardized monitoring protocols.
This paper examines how partnership and cross-scale inte-
gration of adaptive management frameworks could improve
the ability to respond to national commitments for conserva-
tion and sustainable management of forest biodiversity and
the benefits accruing to human well-being.

International Commitments
In ratifying the Convention on Biological Diversity (CBD),
Canada committed to 1) the conservation of biological diver-
sity, 2) the sustainable use of its components, and 3) the fair
and equitable sharing of the benefits arising out of the utiliza-
tion of genetic resources. In support of the Forest Principles
(UN 1992), the non-legally binding authoritative statement
for a global consensus on the management, conservation and
sustainable development of all types of forests, Canada is also
working towards biodiversity goals associated with the pro-
posals for action developed through the United Nations
Forum on Forests (UNFF). In addition, as one of 12 signatory

countries to the Santiago Declaration on criteria and indica-
tors for sustainable forest management (C&I), Canada
endorsed the Montréal Process framework for monitoring,
assessing and reporting progress on conservation and sus-
tainable management of temperate and boreal forests
(Montréal Process Working Group 1998).

In 2002, at the World Summit on Sustainable Develop-
ment, the global community renewed their commitment to
biodiversity by recognizing the linkages between poverty, the
environment and the use of natural resources and agreeing to
work towards integrated cross-sectoral solutions. In addition,
the Hague Ministerial Declaration of the Sixth Conference of
the Parties (COP) to the CBD to “achieve by 2010 a significant
reduction of the current rate of biodiversity loss at the global,
regional and national levels […]” was also endorsed at this
Summit. This commitment is commonly referred to as the
2010 target.

National Responses
Existing for more than ten years, the Canadian Biodiversity
Strategy (CBS) presents a vision of Canada as “a society that
lives and develops as a part of nature, valuing all life, taking no
more than nature can replenish and leaving to future genera-
tions a nurturing and dynamic world, rich in its diversity of
life” (Canadian Biodiversity Strategy 1995). The importance
of maintaining and restoring biodiversity is also recognized in
the National Forest Strategies (1992–1998, 1998–2003,
2003–2008), developed by a nation-wide coalition of govern-
ments, non-governmental organizations, industries and aca-
demia. The vision of the current national forest strategy
(NFS) is to “maintain and enhance the long-term health of
Canada’s forest for the benefit of all living things and for the
social, cultural, environmental and economic well-being of all
Canadians now and in the future” (National Forest Strategy
Coalition 2003). This voluntary action plan articulates
Canadian’s vision for their forest heritage and challenges
them to achieve consequential improvements in sustainable
forest management policies and practices (including biodi-
versity conservation) and to strengthen the competitiveness
of Canada’s forest sector. Strategic targets and priority activi-
ties for the forest sector are identified and renewed every five
years. Both the CBS and the NFS emphasize the importance
of cooperation to create the conditions necessary for advanc-
ing ecological management.

The 1992 NFS called for a framework of C&I to define and
measure progress towards sustainable forest management. The
Canadian Council of Forest Ministers’ (CCFM) framework of
C&I in Canada (CCFM 2003) is compatible with that of the
Montréal Process, adopted by the countries that signed the
Santiago Declaration (Montréal Process Working Group 1998)
and representing 60% of the world’s forests. Canada assessed
the capacity to report in 1997 (CCFM 1997) and reported on
the CCFM indicators in 2000 (CCFM 2000), with another
report due in 2006. Conservation of biological diversity is the
first criterion in both of these frameworks. The CCFM subdi-
vides this criterion into three elements of diversity (ecosystem,
species, genetic) and eight indicators (CCFM 2003). The indi-
cators are reported using available data, of which the quantity,
quality and type vary by jurisdiction. Lack of available data pre-
vents complete analysis of the status of forest biodiversity and
scientifically based conclusions on cause and effect relation-
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ships (Failing and Gregory 2003). In addition, the absence of a
national baseline for forest biodiversity and a means to track
status change over time makes it difficult to determine if biodi-
versity is maintained across forest landscapes or to evaluate the
level of implementation and effectiveness of policies and prac-
tices put in place to meet this goal.

Assessments of Progress
The Commissioner of the Environment and Sustainable
Development (CESD) of the Office of the Auditor General of
Canada (OAG) periodically assesses progress in the imple-
mentation of the CBS. Both the 1998 and 2000 audits (OAG
1998, 2000) raised concerns regarding the need for improve-
ment in the federal government’s lack of ability to report on
the overall state of biodiversity. The CESD’s 2005 follow-up
audit report (OAG 2005) severely criticized the federal gov-
ernment for its inefficiency in implementing the CBS and
points to the lack of an implementation plan and monitoring
framework for the strategy and for the impacts of its goals on
the landscape as a major shortfall, particularly since these
needs were clearly identified in the two previous audits.

Canada’s Forest Biodiversity – A decade of progress in sus-
tainable management (Neave et al. 2002), reported that while
Canada is building a framework and embracing an approach
to address conservation and sustainable use of forest biodi-
versity, success so far has been the result of sustained collabo-
ration among governments, industry, non-government
organizations, land owners, land managers and interested cit-
izens. The independent panel assessment of the 1998–2003
NFS is another example where progress in sustainable forest
management across the country was noted but pointed to the
protection of forest biodiversity as a key area that must be
addressed to meet evolving economic, environmental and
social values and needs.

The Ecosystem Approach and Sustainable Forest
Management 
The COPII (Decision II/8) of the CBD recommended that the
three objectives of the convention be implemented using an
ecosystem approach (Convention on Biological Diversity
1995). The adoption of an ecosystem approach (Convention
on Biological Diversity 2000) implies acknowledgement that
humans are an integral component of the ecosystem and
focuses on the essential processes, functions and interactions
among organisms and their environment. Implementation of
the ecosystem approach also implies recognition of the need
for synergy between sustainable forest practices and conserva-
tion activities in order to maintain biodiversity. The ecosystem
approach equally advocates a migration from management
based on single species and area protection towards ecosystem
protection and integrated land use planning. At COPVII
(Decision VII/11), national forest and biodiversity programs
were linked with the recognition of sustainable forest manage-
ment as a means of applying the ecosystem approach to forests
(Convention on Biological Diversity 2004). This link, described
and analyzed by several authors (e.g., Haüsler and Scherer-
Lorenzen 2001, Løyche Wilkie et al. 2003) further demonstrates
that implementation of biodiversity policies encompasses all
aspects of sustainable development.

Inherent in the Decision VII/11 is the recommendation
that, “the ecosystem approach requires adaptive management

to deal with the complex and dynamic nature of ecosystems
and the absence of complete knowledge or understanding of
their functioning.” Managing forest biodiversity requires that
this uncertainty and variability associated with ecosystem
processes and their dynamics at various spatial scales be con-
sidered as part of management outcomes. The higher the nat-
ural variability in an ecosystem, the more difficult it is to
identify abnormal variation. Because the results of manage-
ment actions are often non-linear and detectable only after an
initial time-lag, adaptive management is often suggested as a
cost-effective framework to deal with complex dynamic sys-
tems. Feedback from adaptive management allows informa-
tion to flow from operational activities to management and
policy making, systematically reducing uncertainty (Johnson
1999, Murray and Marmorek 2004). Taylor et al. (1997) and
Duinker and Trevisan (2003) report that there is little actual
implementation in Canada, particularly in terms of monitor-
ing and assessment. However, the concept is often embedded
in legislation or certification requirements, and uptake of
adaptive management principles is increasing.

The Adaptive Management Cycle
Surfacing in the 1970s, the concept of adaptive management
(Holling 1978) integrates design, management, and monitor-
ing to systematically test assumptions in order to adapt and
learn (Salafsky et al. 2001) and utilize the newly acquired
knowledge in modifying policies and practices to achieve
management goals (Lindenmayer and Franklin 2002).
Management policies are deliberately designed, in a struc-
tured process of “learning by doing,” to test and increase
understanding of the effects of management activities on the
system being managed (Taylor et al. 1997, Walters 1997).

Typically, the two primary adaptive management strate-
gies are distinguished by the extent of learning they offer, the
resources they require to be successfully carried out, and the
degree to which management goals are incorporated into the
design. Passive adaptive management is characterized by the
implementation of a single policy or hypothesis formulated
on the basis of available data and knowledge as an appropri-
ate means to reach management goals. This “best” manage-
ment scenario is often selected from a set of scenarios tested
through computer simulation models. Although the passive
approach is the most frequently adopted by forest manage-
ment agencies professing to be using an adaptive manage-
ment framework, it has been criticized for limited ability to
induce learning and reduce uncertainty (Baker 2000). With
active adaptive management, several policies or hypotheses
are concurrently tested and monitored through management
design (Murray and Marmorek 2004). Each of the policies 
is implemented simultaneously using an experimental
approach with random settings and controls to test which of
the policy options achieves the desired outcomes (Baker
2000). For example, testing of several alternative silvicultural
treatments to identify the best management option might be
a test application in forest management (MacDonald et al. 2003).

Both passive and active adaptive management can be
described as a cycle composed of the following typical steps:
problem definition and design, implementation, monitoring,
assessment, reporting and adjustment (Salafsky et al. 2001,
Duinker and Trevisan 2003, Bunnell and Dunsworth 2004,
Rempel et al. 2004).
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Problem Definition and Design
The cycle is initiated by defining: the management context
(e.g., spatial and temporal scale, stakeholders’ values); what
will be achieved (e.g., mission, vision, goals, objectives); and
how progress will be measured (e.g., indicators and targets)
(Nyberg 1999, Duinker and Trevisan 2003, Noss 2004). Goals
are established by policy-makers and forest managers based
on adequate knowledge of the past, current, and potential
future conditions of the forest (Noss 1999). Creating a model
of the system and forecasting the effects of forest manage-
ment operations and practices on forest biodiversity are
important components of this initial step. Modelling also
allows for the design of one (passive adaptive management)
or more (active adaptive management) hypotheses that are
most relevant to management decisions. The effectiveness of
policies or hypotheses, tested through the implementation of
a carefully designed management strategy, is measured
through the monitoring program.

Implementation and Monitoring 
Monitoring strategies normally focus effort and resources on
indicators that will provide information useful for managers
to assess whether or not their predictions or assumptions
were accurate (Taylor et al. 1997). Three types of monitoring
schemes have been described: implementation, effectiveness,
and validation (Lindenmayer and Franklin 2002).
Implementation (also referred to as performance) monitor-
ing is used to determine whether the types and levels of activ-
ities stipulated under a policy are actually conducted.
Effectiveness monitoring determines the impact of manage-
ment goals and objectives on the landscape. Validation mon-
itoring uses hypothesis testing to investigate the relationship
between an action and an effect (Mulder et al. 1999,
Lindenmayer and Franklin 2002). The management goals will
dictate the type of monitoring most appropriate.

The development of indicators to measure the progress
towards the goals and objectives and to maximize learning
from the system under management is the cornerstone of the
monitoring strategy. Both coarse (e.g., forest cover, fragmen-
tation) and fine (e.g., species, gene) filter approaches are
required to detect changes in the system (Carignan and
Villard 2002). The selection of a set of indicators, although
area/scale-specific (Kneeshaw et al. 2000), can be grouped
into broader categories (guilds, communities, associations,
other functional groups) to allow reporting at the appropri-
ate scale. Meffe and Carroll (1994) suggest that indicators
should focus on processes rather than species. Many indica-
tors have been proposed for monitoring forests (Prabhu et al.
1999). While policy and management objectives will guide
the selection, indicators that can be aggregated across scales
will make the most effective use of monitoring resources. The
U.S. National Research Council Committee to Evaluate
Indicators for Monitoring Aquatic and Terrestrial Environ-
ments (2000) recommended three categories of national level
indicators to capture the status of the dynamics of an ecosys-
tem and changes in its functioning: the biological capital of
an ecosystem (land cover and land use); its ecological capital
(native species diversity, soil condition); and the ecological
processes (production capacity, net primary productivity,
carbon storage). For a forest management unit, Newton and
Kapos (2002) suggested eight general groups of biodiversity

indicators that can easily be aggregated across scales: 1) forest
area by type, and successional stage relative to land area; 2)
protected forest area by type, successional stage and protec-
tion category relative to total forest area; 3) degree of frag-
mentation of forest types; 4) rate of conversion of forest cover
(by type) to other uses; 5) area and percentage of forests
affected by anthropogenic and natural disturbance; 6) com-
plexity and heterogeneity of forest structure; 7) numbers of
forest-associated species; and 8) conservation status of forest-
dependent species.

The importance of designing monitoring schemes (e.g.,
sampling strategies, sample sizes and stratification, assess-
ment protocols and identification of relevant drivers of
change) based on best available science, can not be over-
looked. Engaging scientists to participate in the process
encourages the introduction and effective use of new tech-
niques such as molecular genetics, bioinformatics, and
remote sensing. Exploring potential informal methods for
data gathering can also improve effectiveness. Rempel et al.
(2004) suggest that a key means of engaging scientists is
through involvement in the identification of indicators that
can be linked to forest or other inventories associated with
operational planning. Indicators developed in this way, rather
than through the creation of separate scientific inventories,
will continue to be relevant and evolve along with current sci-
entific trends. Scientific rigour is also required for the deter-
mination of thresholds, and the baseline information used to
guide the establishment of targets.

Assessment, Reporting and Adjustment
The assessment process in effectiveness monitoring involves
compilation and analysis of the monitoring data on ecosys-
tem responses and comparison with the forecasted response.
The focus is on understanding the discrepancy between mon-
itoring responses and expected results. This process is greatly
facilitated when supported by additional input from a valida-
tion monitoring scheme integrated within the management
framework. The results of the analyses are presented to the
original stakeholders and other interested parties through
reporting activities and communication products. New infor-
mation about the functioning of the system, gained through
monitoring, can be applied to the adjustment of policies and
management actions where required. Using this information
to update models and forecasting tools also reduces the man-
agement uncertainty associated with the system. The formu-
lation of new hypotheses or modifications to existing policies
introduces the beginning of another cycle.

Applications of Adaptive Management 
Five types of challenges associated with the implementation
of adaptive management have been identified: technical, eco-
nomic, ecological, institutional, and political (MacDonald et
al. 1997, Baker 2000). A survey of 15 Canadian forest indus-
tries on the use of adaptive management (Moreau et al. 2002)
highlighted the following technical difficulties: lack of an
appropriate model or sufficient expertise; precision of avail-
able forecasting tools to respond to needs of forest managers;
limited protocols to systematically evaluate achievement of
specific management objectives; and availability (both in
quality and quantity) of adequate information. Economics
dictates the level of staffing, data collection, data manage-
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ment, and data analyses that can be allocated over the time
span required to obtain reliable results. Institutional and
organizational issues limiting adaptive management include a
reluctance to admit uncertainty for policy outcomes, a lack of
expertise and time to learn adaptive management approaches,
the rigour required to implement an adaptive management
project, and the necessity for long-term commitments for
human and financial resources (Walters 1997). Finally, policy-
makers appear unwilling to accept the potential perception of
failure if a particular policy is not successful (Lee 1993).

Despite these challenges, attempts to use adaptive manage-
ment principles are occurring across production landscapes
in Canada. Table 1 summarizes a few case studies of adaptive
management focussing on forest biodiversity across a range
of scales. Common elements of these case studies include: ini-
tial involvement of stakeholders or partners to build consen-
sus around common values, goals and objectives as part of the
problem definition stage; the use of tools to forecast manage-
ment responses and build scenarios to enhance the consulta-
tive and predictive processes; the development of multi-stake-
holder collaborative partnerships for monitoring and
reporting purposes; the introduction of adaptive manage-
ment principles into forest management and biodiversity
conservation plans; and the use of the CCFM C&I framework
for monitoring and reporting.

The Millar Western Forest Products Ltd. initiative to
implement a passive adaptive management framework
within their operations near Whitecourt, Alberta, led to the
development of the Biodiversity Assessment Project (BAP) as
a component of the company’s decision support system (Van
Damme et al. 2003). A distinctive part of the BAP approach is
the adaptive planning stage, whereby a suite of dynamic mod-
els is used to simulate future forest conditions, providing an
analytical tool for the assessment of alternative management
strategies prior to their implementation (Doyon 2003).
Although it was originally developed for the Whitecourt for-
est management unit, other groups such as the Western
Newfoundland Model Forest are now using the same frame-
work to assess impacts on forests (Doyon 2003, WNWF 2003).

The Stand Level Adaptive Management (SLAM) project is
located in aspen-dominated mixedwood stands in northern
Ontario (MacDonald et al. 2003, MacDonald and Rice 2004).
The project developed and implemented an active adaptive
management framework designed to enhance knowledge and
reduce uncertainty related to the sustainable management of
the Boreal mixedwood forest and to monitor changes in eco-
logical indicators (ULERN 2004). The partners, Domtar Inc.,
Abitibi-Consolidated Inc, the Ontario Ministry of Natural
Resources, Natural Resources Canada, the Forest Engineering
Research Institute of Canada (FERIC), and the Lake Abitibi
Model Forest, decided on a less formal but cost-effective
approach to adaptive management by: 1) designing work-
shops that were less structured than advocated by Holling
(1978); 2) limiting the scope of the study; 3) applying only
treatments that were practical, operationally relevant, and
economically feasible; 4) accommodating operational con-
straints; 5) using treatment plots small enough to permit reg-
ular monitoring of ecological indicators; 6) using relatively
simple conceptual models versus more elaborated quantita-
tive models; 7) monitoring a limited number of silvicultural,
economic, and ecological indicators; 8) pre-determining

which activities would be cut if funding decreased; 9) focus-
ing on rapidly providing answers to management questions
rather than spending too much time on design; 10) develop-
ing an alternative, scaled-down monitoring program; 11)
relaxing rigour of sampling design; and 12) ensuring a key
role for resource management partners (MacDonald and Rice
2004). The success for this initiative is measured by the degree
to which results are incorporated into new provincial silvicul-
tural guidelines and forest management plans (MacDonald 
et al. 2003).

Monitoring and reporting at the regional level (i.e., land-
scape with multiple land uses) has been achieved through the
development of multi-stakeholder collaborations and part-
nerships. For the past 15 years, building partnerships has been
a primary focus of the Canadian Model Forest Network,
regrouping 11 forest-based landscapes ranging in size from
181 000 hectares to 2.75 million hectares. The network has
generated a vast amount of information that can contribute
to the implementation of adaptive management at the land-
scape scale. For example, the Foothills Model Forest (FHMF)
in Western Alberta, the largest of the Canadian model forests,
includes several provincial protected areas, one national park,
forest management areas and urban settlements. Stakeholders
of the FHMF, including members of the public, have identi-
fied shared local goals for sustainable forest management.
Progress is monitored using Local Level Indicators (LLI)
linked to the CCFM C&I framework. Reporting is based on
data assembled from the different resource management
partners (Alberta Government, industry, and Parks Canada)
with coordination and analysis carried out through the
FHMF. The first LLI report was produced in 2003 with the
intent to report on status and trends on each of the indicators
over time. When the initial data baseline is established, it will
be used by individual partners to adjust their activities in
response to trends identified through the aggregated moni-
toring results.

At the provincial level, adaptive management principles
are increasingly being integrated into forest management and
biodiversity conservation planning. The British Columbia
Ministry of Forests and Range put in place the Adaptive
Management Initiative (BC Forest Service 2005) to develop
guides and tools for forest managers to integrate adaptive
management into their operations. The Commission for the
Study of Public Forest Management in Quebec (Commission
d’étude sur la gestion de la forêt publique québécoise 2004)
recommended the adoption of an adaptive ecosystem-based
approach to management. The Ontario Ministry of Natural
Resources has identified adaptive management as a key guid-
ing element within provincial forest policies, such as
Ontario’s Policy Framework for Sustainable Forests and the
Crown Forest Sustainability Act. The Forest Management
Planning Manual, which provides the direction for preparing
a forest management plan, prescribes the adoption of a pas-
sive adaptive management framework, including the require-
ment for forest managers to put in place a monitoring pro-
gram (Duinker and Trevisan 2003). Ontario’s Biodiversity
Strategy further recognizes the importance of adaptive 
management of biodiversity recommending that: “... mitiga-
tion of the diverse threats to biodiversity requires an inte-
grated, adaptive approach to caring for Ontario’s natural
assets […]” (Government of Ontario 2005). A priority for the
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implementation of the strategy is to develop criteria and indi-
cators with associated benchmarks for biodiversity and to
improve biodiversity inventory, monitoring and assessment
programs to support reporting on the state of Ontario’s bio-
diversity every five years starting in 2010.

The province of Alberta, through its Alberta Forest Legacy
and proposed Forest Management Planning Standard, both
committed to adaptive management, took a decisive step
towards its adoption at a provincial-scale with the develop-
ment of the Alberta Biodiversity Monitoring Program
(ABMP) (Stadt et al. in press). Table 1 shows how the results
from this effectiveness monitoring program will provide
objective information to policy experts, managers, scientists,
and the general public (ABMP Management Board 2005).
The program was initiated by a broad range of partners from
government, industry, non-government organizations and
academia. For example, both Millar Western Forest Products
Ltd. and Foothills Model Forest have been actively involved in
the development of the ABMP through sharing of expertise
and collaborative research projects.

Multi-scale Linkages through C&I: Progress and
Challenges
Biodiversity, in the CBD context, with co-objectives of con-
servation, sustainable use and benefit-sharing, implemented
through an ecosystem approach, may be proposed as a surro-
gate for sustainable development. Translating this broad con-
cept with a multitude of wide-ranging stakeholders into prac-
tical activities, monitoring responses, and assessing progress
relative to specific targets however, continues to be a challenge
(Green et al. 2005).

The CBD decision VII/11 recognizes sustainable forest
management as a means of applying the ecosystem approach
to forests and the United Nations Forum on Forests resolu-
tion 4/3 urges countries to use C&I to monitor national pol-
icy frameworks and improve informed decision-making.
Furthermore, the joint task force to improve and streamline
forest-related reporting, comprising the 14 major forest-
related international organizations, institutions and conven-
tion secretariats making up the Collaborative Partnership on
Forests, has agreed on an information framework built
around the seven themes, common to the nine on-going
international C&I processes. Further contributing to
improved reporting, these same themes, which include bio-
logical diversity, are being used as a basis for the standardiza-
tion of definitions and data collection for the Food and
Agricultural Organization’s Global Forest Resources
Assessment (GFRA). Efforts are now underway to identify
how the GFRA, through its seven thematic areas can provide
information for reporting on the 2010 target (FAO n.d.). At
the national level, Forest Ministers attending the October
2005 joint meeting of the Canadian Councils of Wildlife,
Fisheries and Aquaculture, Forests and Endangered Species
Ministers, made a commitment to develop an outcomes ori-
ented framework to report on the 2010 target.

The CCFM C&I national policy framework connects
international, provincial/territorial, regional and local
processes and community initiatives for sustainable forest
management and at least one forest certification scheme. This
linkage, illustrated in Fig. 1, highlights the potential for the
C&I framework as an enabling mechanism to integrate cross-

scale adaptive management of Canada’s biological resources.
Cycles of adaptive management provide the feedback mecha-
nism to orient policies and steer management actions, com-
pensating for incomplete knowledge about the functioning of
the system. Adaptive management requires continually
revised sources of best available information to adjust and
feed new cycles across spatial scales and political jurisdictions.
Using the C&I framework as a common mechanism for
information transfer across scales ensures complementarity
of information and eliminates duplication in monitoring and
reporting. This flow of information permits integration of
biodiversity and forest legislation with planning, manage-
ment, monitoring, reporting and certification activities.
Information on biodiversity status and trends, communi-
cated through C&I reporting, allows appropriate adjustments
to be made in the policy chain. Whereas adjustments to man-
agement activities are direct (i.e., scale specific), policy adjust-
ments can either be direct or indirect through a trickle-down
effect.

In addition to cross-scale and cross-jurisdictional harmo-
nization, some countries have expanded the C&I framework
as a mechanism to integrate monitoring and reporting across
sectors. In Australia, the Montreal Process C&I framework
provides the basis for meeting regional, national and interna-
tional reporting requirements for Regional Forest Agreement
monitoring, the State of the Forest, and the State of the
Environment reports. In the U.S.A., it has provided the
groundwork for the development of parallel resource indica-
tor monitoring programs such as the Sustainable
Roundtables on rangelands, minerals and energy. In Canada,
while there are some sectoral national indicator processes,
such as the National Agri-health and Analysis Reporting
Program, Parks Canada Agency Ecological Integrity
Monitoring, the Indicators for Coastal and Marine
Management, and the National Environmental Indicators,
each process has its own framework. Adoption of a common
or complementary framework, with common monitoring
grids and protocols, is an initial step toward integration of
these sustainable development initiatives across sectors.

The commitment, inherent to sustainable forest manage-
ment, to manage forests for a multitude of benefits has led to
the incorporation of new attributes such as biodiversity, into
forest inventories. The renewal of Canada’s National Forest
Inventory (NFI) to provide a forest measurement and moni-
toring system for the CCFM C&I framework (Gillis et al.
2005) facilitates the capacity for cross-scale integration. The
only extensive network of monitoring plots, covering 1% of
the land base across the country, the NFI provides a useful
skeletal national framework for collecting and aggregating
information on biodiversity. Aggregation of multi-scale,
multi-source and non-standardized data sets is, however, a
complex task and will only occur by design. In order to
nationally aggregate information collected at various scales,
and make it meaningful to policy-makers and the public,
protocols for data collection should be harmonized
(Puumalainen et al. 2002). The NFI photo-based and ground
level plots, enhanced through remote sensing, provide com-
plete coverage of forested areas on 25 attributes, many of
which contribute data or can be used to derive information
on biodiversity. The plot-based observational units on the
national grid have common data standards and procedures

MAY/JUNE 2006, VOL. 82, No. 3 — THE FORESTRY CHRONICLE 329



330 MAI/JUIN 2006, VOL. 82, No 3 — THE FORESTRY CHRONICLE

Fi
g.

 1
.C

rit
er

ia
 a

nd
 in

di
ca

to
rs

 (
C&

I) 
of

 s
us

ta
in

ab
le

 fo
re

st
 m

an
ag

em
en

t 
(S

FM
): 

an
 e

na
bl

in
g 

to
ol

 t
o 

in
te

gr
at

e 
cy

cl
es

 o
f a

da
pt

iv
e 

m
an

ag
em

en
t 

ac
ro

ss
 s

pa
tia

l s
al

es
, 

ju
ris

di
ct

io
ns

 a
nd

 s
ec

to
rs

. 



from which interagency partnerships and monitoring pro-
grams, such as Parks Canada Ecological Integrity Monitoring
Program and Alberta Biodiversity Monitoring Program, have
already developed. Linking observational data from these
monitoring programs with the vast amount of currently inac-
cessible information from biological collections and making
it readily available would greatly expand baseline information
for assessing the status of sustainable management of
Canada’s forest biodiversity. Newton and Kapos (2002) sug-
gested that communicating meaningful information on the
results of management actions to a wide variety of stakehold-
ers is facilitated when there is a core set of indicators, com-
mon across scales.

The case studies outlined in Table 1, selected among a
growing number of examples, demonstrate how adaptive
management is currently being applied at various scales and
identifies some gaps. Commitments towards the implemen-
tation of adaptive management principles for the conserva-
tion and sustainable use of forest biodiversity are part of the
National Forest Strategy (Strategic themes 5 and 8) and the
Canadian Biodiversity Strategy (Goal 1d). An adaptive
approach to the management of forest resources is often
incorporated into provincial/territorial legislation and forest
management policies. Although policy drivers exist, the
mechanisms to make forest biodiversity data available for the
assessment, reporting and adjustment phases at the landscape
to national scales are not yet well established. National reports
on sustainable forest management and biodiversity, currently
generated from available — often incomplete — data sets and
information, are of limited use to decision-makers on the
success or impact from policy implementation (Failing and
Gregory 2003). Efficiency of data collection and availability of
biodiversity information for decision-makers could be greatly
improved through standardization of design to allow aggre-
gation of monitoring data from existing government, indus-
try, community programs and academic studies at national,
provincial/territorial, regional or local levels.

Rempel et al. (2004) emphasize that while an effective
monitoring framework is essential to achieving adaptive
management, the importance of using the framework to
learn adaptively is equally important. In order for learning to
occur, a formal mechanism for responding to new knowledge
must be in place. The Values, Objectives, Indicators and
Targets framework (VOIT) associated with the Canadian
Standards Association (CSA) sustainable forest management
standard, (CSA-Z809-02) (Canadian Standards Association
2003) provides a good example of how the CCFM C&I
framework, applied at the forest management area, can be
used as a learning tool. The standard provides elements rele-
vant for the management-level scale for each criterion of the
CCFM framework. Organizations applying for CSA certifica-
tion must develop the values, objectives, indicators and tar-
gets associated with each element and propose a monitoring
and measuring scheme. While proposed targets are often
associated with provincial/territorial or national legislation,
many go beyond existing legislation requirements (Abitibi-
Consolidated 2004, Hinton Wood Products 2005). The mon-
itoring associated with this process generates valuable infor-
mation that could also be captured for analyzing the status of
Canada’s forest biodiversity. At the national level, the CCFM

framework is primarily used for reporting with little focus on
its potential for mutual learning and sharing of experiences.
Integrating C& I into the daily operations of governments or
other organizations would also enhance opportunities for
learning at the national and landscape scales. The develop-
ment of national goals or targets would allow the potential of
the CCFM C&I as a tool, not only for reporting, but also for
planning and assessment, and as a driver of adaptive manage-
ment, to be fully realized.

The establishment of targets linked to policies and forest
management plans is appearing in some provincial C&I
reports, extending the adaptive management concept beyond
the management unit level. International and national level
frameworks (e.g., Montréal Process, CCFM C&I, CBS) gener-
ally lack goals or targets, thus compromising the assessment
and adjustment stages and the associated learning that
accompanies these activities. The development of the out-
comes-oriented framework for tracking progress on the 2010
target to significantly reduce the current rate of biodiversity
loss, recently supported by federal, provincial and territorial
Ministers, will require the establishment of national targets.
In place for more than ten years and applicable across all spa-
tial scales, the CCFM C&I framework provides a focal point
for integration with other sectors and across landscapes and
positions the forest sector well to respond to this commit-
ment. National level targets, essential to determine if the sta-
tus of biodiversity is improving or getting worse or to demon-
strate the effectiveness of policy actions (The Royal Society
2003) and the associated monitoring capacity, however,
remain as gaps.

Having a National Forest Strategy that has served as a
template for many other countries, being one of the first
industrialized countries to sign the CBD, and an initiator of
international discussion on criteria and indicators, Canada
has a track record as a world leader in conservation and sus-
tainable management of forests. Based on the utility and rel-
evance of the CCFM C&I as an integrative framework for
implementing international biodiversity and sustainable
development commitments, this paper points to C&I as 
a synergistic mechanism for implementing National
Biodiversity Strategies and Action Plans and National Forest
Strategies as yet another example where Canada can con-
tinue to provide leadership in sustainable development. The
paper also identifies existing gaps and suggests cost-effective
opportunities for addressing them. Adaptive management is
suggested as an appropriate way to deal with the variability
and uncertainty associated with management of ecosystems,
particularly in the context of global change (Peterson et al.
1997, Kellomäki and Leinonen 2005). The selected case stud-
ies presented here also show that criteria and indicators of
sustainable forest management, superimposed on a national
monitoring grid such as the NFI, can serve as the integrative
road map to apply adaptive management and link it across
spatial scales. This road map for the forest sector lends itself
to integration across sectors and landscapes. Full implemen-
tation could provide a model for ecosystem-based decision-
making, improving Canadians’ awareness, governance of
and participation in the shaping of future policies to man-
age, extend and share the benefits derived from biological
resources.
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