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Abstract

Generally riparian areas are described as the “…interface between aquatic and
terrestrial systems.” However, definitions pertaining to riparian areas range from
simple to complex, and can be ecologically-based or defined in terms of
management applications. Regardless of the definition, the management of these
highly productive, complex components of the landscape is a challenge to forest
managers and policy makers. 

The planning and application of riparian guidelines and buffer retention strategies
is further complicated since approval for forest management plans for these areas
falls under the jurisdiction of both federal and provincial regulatory agencies.
Management guidelines provided by these agencies are generally updated
infrequently and thus do not incorporate new knowledge or new approaches
easily. They are also developed in isolation of other values and resource sectors
(e.g. private vs. crown land, forestry vs. fisheries concerns) leading to problems
with integrated management of multiple resources and values.

In recent years, there has been increased interest in developing alternate
management strategies for riparian areas to more fully integrate their management
with the rest of the forest. In several jurisdictions, there is interest in applying
natural disturbance-based approaches to manage these systems, and potentially
integrate landscape-level strategies to minimize cumulative effects to both
terrestrial and aquatic components of the forest ecosystem. This has resulted in
considerable debate among scientists, policy makers and resource managers
regarding the long term consequences of current methods and policies, as well as
the development of new policies and practices for managing and conserving
riparian areas and water resources.

Related to the interest in alternative management practices, a series of questions
regarding the management of riparian areas in the boreal forest were developed
through consultation with several SFM Network industrial partners in western
Canada. These questions are addressed in this synthesis document through the use
of case studies, as well as a review of the literature and guidelines pertaining to
riparian systems. Ultimately, we hope to stimulate dialogue and knowledge
exchange among forestry companies, governments and other stakeholders to build
a stronger riparian management framework for decision making. The challenges
faced during the riparian guidelines development, review and implementation
process are also discussed as well as some of the potential solutions for the
sustainable management of riparian areas.

Sustainable Forest Management Network
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1.0 Statement of Purpose

Riparian areas are habitats that form the interface between aquatic environments
and the surrounding upland. In many areas of the world, riparian areas are among
the most diverse and productive habitats in a landscape due to the biotic and
nutrient exchanges occurring between the surrounding landscape elements. They
are also often among the most modified (e.g. settlement areas, recreational
purposes, industrial needs associated with water). As a result, riparian
conservation and management can be contentious issues with the public, First
Nations, governments, environmental non-government organizations and industry,
and are often a source of conflict among these parties. 

The planning and application of riparian guidelines and buffer retention strategies
is further complicated as approval for forest management plans for these areas falls
under the jurisdiction of both federal and provincial regulatory agencies.
Management guidelines provided by these agencies are generally updated
infrequently and thus do not incorporate new knowledge/ new approaches easily.
They are also developed in isolation of other values and resource sectors (e.g.
private vs. crown land, forestry vs. fisheries concerns) leading to problems with
integrated management of multiple resources and values.

A statement of commitment to ecosystem-based management (EBM) is now
common in many government and corporate policy documents. The primary goal
of EBM is to maintain ecosystem health and function by considering the
consequences of activities at a full range of spatial scales, integrating aquatic and
terrestrial systems and making changes as required within an adaptive
management framework (Franklin 1997). It has been suggested that this can be
achieved in part by implementing forest management practices that maintain
biodiversity and approximate landscape patterns such as those created by natural
disturbances. As a result, a natural disturbance model (NDM) for sustainable forest
management (SFM), first proposed to forest managers in the early 1990’s (Hunter
1993; Attiwill 1994), is growing in application (Bergeron et al. 1998) across
terrestrial components of the western boreal forest. In several jurisdictions, there is
interest in applying natural disturbance-based approaches to managing riparian
areas to more fully integrate management strategies for both terrestrial and aquatic
components of the forest ecosystem. The key to a NDM approach is to recognize
the dynamic nature of a system and maintain ecosystem processes within the
natural range of variability (NRV) as influenced by various natural disturbance
agents in the forest.

In addition, there is a growing societal expectation that forested landscapes will be
managed for all SFM values (ecological, social and economic). Consequently,
various forest management guidelines, including those that pertain to riparian areas,
are under review throughout the boreal forest region. Guidelines and policies are
under review in Saskatchewan and were recently reviewed in Alberta and Manitoba.
This climate of change has resulted in some debate among scientists, policy makers
and resource managers regarding both the long term consequences of current
methods and policies as well as the development of new policies and practices for
managing and conserving riparian areas and water resources.

Sustainable Forest Management Network
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Consultation and interaction with representatives from three western boreal
forestry companies that share some common guiding management principles
(Figure 1, Box 1) identified a series of questions related to the management of
riparian areas: 

What is a riparian area?

What are the current riparian guidelines in the boreal plain?

What are the objectives of the guidelines?

What research supports these decisions in the boreal plain?

Do current practices fit within the natural disturbance model?

Are we missing opportunities for more effective landscape 
management?

Are buffers always necessary? 

What about public perception? 

Do we have the necessary science to change policies? 

Based on the questions listed above, this document was developed with several
objectives in mind:

• To address the above questions using research, literature and
the experiences of government and industry partners to
highlight difficulties and potential solutions in riparian
management;

• To stimulate and support dialogue and knowledge exchange
among forestry companies, governments and other
stakeholders regarding the challenges faced during the
riparian guidelines development, review and implementation
process;

• To encourage the integration of landscape level
considerations into forest management planning for the
conservation of water resources; and

• To foster knowledge exchange between research scientists
and forest managers.

Sustainable Forest Management Network



9

Box 1: Participating industry partners and guiding principles

Alberta Pacific Forest Industries, Boyle, AB

Alberta-Pacific (Al-Pac), a private company in northeastern Alberta owned by
Mitsubishi Corporation (70%) and Oji Paper Co. Ltd. (30 %), operates a single-line
bleached kraft pulp mill near Athabasca, AB. Alberta-Pacific is responsible for
conducting inventories, planning roads, harvesting and silviculture in an area of
about 5.8 million hectares under its Forest Management Agreement with the
Province of Alberta. Management responsibilities include the harvest of hardwood
trees for pulp and the activities of softwood quota holders. Alberta-Pacific is Forest
Stewardship Council (FSC) certified.

LP Canada Ltd. Swan River, MB

LP Canada (LP) is part of an international forest products company with operations
in Canada, the United States and Chile. The LP facility in the Swan Valley began
operating in 1996 and produces Oriented Strand Board. This facility primarily uses
aspen harvested from LP’s Forest Management License (FML#3) area, including both
Crown land and private wood sources. Forest management activities within the FML
area are conducted under agreement with Manitoba Conservation, following the
approval of a 10 year Forest Management Plan and the issuance of an Environment
Act License. The current plan is in effect for ten years and provides strategic
direction for operations within the licence area. Annual Operating Plans (AOPs) are
created on a yearly basis to provide detailed information on the location of planned
forestry activities for the year. In FML #3, LP is also responsible for planning and
renewal activities for approximately 34 quota holders. LP is certified by the
Sustainable Forestry Initiative.

Weyerhaeuser Prince Albert, Big River, SK

Weyerhaeuser purchased a pulp mill in Prince Albert and sawmill in Big River,
Saskatchewan in 1986 to produce dimensional lumber, softwood and hardwood
pulp. Aquatic resource uses on the FMA include domestic fishing, commercial
fishing, sport fishing, wild rice production, outdoor recreation and tourism
including ecotourism. Weyerhaeuser developed a 20 yr plan in 1997 to implement
the ecosystem-based approach upheld by the Province of Saskatchewan as the best
way to sustainably manage forest resources. Ecosystem based management was
interpreted in the plan as an approach to develop forest management practices that
emulate natural disturbances and was integrated into the forest harvesting strategy
contained in the plan. A public consultation process was also included in the 20 yr
plan. General support for implementing approaches in the plan (e.g. large harvest
blocks, harvesting riparian buffers) that were not contained in provincial
management guidelines at the time was obtained because of the inclusion of
research and demonstration projects (from 20 yr plan). The forest management plan
attempted to introduce forest management initiatives consistent with this approach
from 1998 until 2007. At the time of this case study, this FMA area was certified by
the Canadian Standards Association. Weyerhaeuser participated in the early stages
of this project until 2007, when operations were withdrawn on this FMA due to
financial reasons.

Sustainable Forest Management Network
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Figure 1 Map of western Canadian provinces outlining the Forest Management
Areas of industry partners providing perspective in this report. Only
the boundaries for Forest Management Unit 13 of FML Area #3 are
shown for LP Canada, Swan River Division. Several guiding principles
common to the Forest Management Plans or corporate policy
documents of the 3 companies are listed.

2.0 Defining the terms

2.1 What does “riparian” mean?

There can be substantial ambiguity surrounding the term “riparian”. The Latin
roots of the term (Riparius: of or belonging to the bank of a river) presuppose that
flowing water (lotic) be involved in the definition however the term has evolved to
also be used to describe areas adjacent to lentic or non-flowing systems. For
example, the American Society of Fisheries defines riparian areas as “complex
assemblages of organisms and their environments existing adjacent to and near
flowing water” (Lowrance et al. 1985). A more general definition simply defines
riparian areas as “…interfaces between aquatic and terrestrial systems” (Gregory
et al. 1991). The variety of existing definitions can also be attributed in part by
whether the definition is intended for application in an ecological (Box 2) or a
management context (Box 3). 

Riparian systems are
transitional semi-
terrestrial areas regularly
influenced by freshwater,
usually extending from
the edges of water
bodies to the edges of
upland communities.

Ecosystem based
management

Economic,
ecological and
social sustainability

Adaptive
management

Approximating
natural forest
patterns
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Box 2: Examples of ecological definitions for riparian areas

Riparian Area: (Ecological definition)

• A 3-dimensional ecotone of interactions that include
terrestrial and aquatic ecosystems, that extend down to the
ground water, up above the canopy, outward across the
floodplain, up the near slopes that drain to the water, laterally
into the terrestrial ecosystem, and along the water course at
variable width (Illhardt et al. 2000)

• A strip of land of variable width adjacent to and influenced
by a body of freshwater (Canadian Council of Forest Ministers
2006).

• A transitional semi-terrestrial area regularly influenced by
freshwater usually extending from the edge of a water body
to the edge of upland communities (Naiman 2005).

The figure below illustrates an ecological definition (Illhardt et al. 2000) applied in
a management context. The dotted line represents the area where probabilistic
approaches become applicable. As distance to water increases, the probability
that a habitat is considered riparian decreases.

Sustainable Forest Management Network
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Box 3: Definitions used in the management of boreal riparian 
areas and shoreline forests

Riparian Management Area: (Management definition)
Definitions used to delineate riparian areas and the boundaries for management
from federal and provincial governments (3) are described below. Provincial
definitions in particular provide examples of regional variation in using definitions
to guide management decisions.

Federal Definition

Riparian Area: A strip of land of variable width adjacent to, and influenced by, a
body of freshwater (Canadian Council of Forest Ministers 2006).

Alberta (Alberta Timber Harvest Planning and Operating Ground Rules 2006)

Riparian Zone
(1) The band of land that has a significant influence on a stream ecosystem or is
significantly affected by the stream. It often has specialized plant and animal
communities associated with it. [Anon]

(2) Terrestrial areas where the vegetation complex and microclimate conditions are
products of the combined presence and influence of perennial and/or
intermittent water, associated high water tables, and soils that exhibit some
wetness characteristics. Normally used to refer to the zone within which plants
grow rooted in the water table of rivers, streams, lakes, ponds, reservoirs,
springs, marshes, seeps, bogs and wet meadows. The riparian zone is
influenced by, and exerts an influence on, the associated aquatic ecosystem
(measured from the high water mark). [Dunster] 

Saskatchewan (Weyerhaeuser FMA Standards and Guidelines definition)

Riparian Management Areas have distinct spatial boundaries designated to
achieve specific management goals for riparian areas and may contain zonation or
elements including aquatic or terrestrial environments associated with or outside
the riparian ecotone (delineated from merchantable species).

Riparian Reservation is a strip of undisturbed vegetation along a stream or lake
left to protect the water body from the effects of road construction on adjacent
land. Reservation width is measured on each side of the stream from the top of the
actual streambed bank, or on lakes from the lakeward edge of the terrestrial
vegetation. (Fish Habitat Protection Guidelines, Road Construction and Stream
Crossing, SERM/DFO 1995)
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Box 3, continued

Manitoba (Forest Management Guidelines for Riparian Management Areas 2008)

Riparian Area (RA) - Riparian area refers to an area of land on the banks or in the
vicinity of a waterbody, which due to the presence of water supports, or in the
absence of human intervention would naturally support, an ecosystem that is
distinctly different from that of adjacent upland areas (The Water Protection Act
2005). For operational purposes, the RA will end at the edge of the merchantable
forest. No forestry activity will be permitted within the RA.

Riparian Management Area (RMA) - The RMA is the forested area adjacent to the
RA in which forest management activities can take place. A RMA can be
comprised of the following zones: machine free zone (MFZ), MFZ and
management zone (MZ), reserve zone (RZ), RZ and MZ, or in some cases only
best management practices (BMPs) may be applied.

From an ecological perspective, riparian systems are transitional semi-terrestrial
areas regularly influenced by freshwater, usually extending from the edges of
water bodies to the edges of upland communities (Naiman et al. 2005). Thus, in
general terms, riparian areas can be adjacent to lakes, rivers and wetlands and are
generally considered transition areas between two different ecological areas
referred to as “ecotones”(e.g. Gregory et al. 1991; Naiman and Décamps 1997).
Ilhardt et al. (2000), define the riparian area as, 

“…3 dimensional ecotones of interactions that include terrestrial
and aquatic ecosystems, that extend down to the ground water,
up above the canopy, outward across the floodplain, up the near
slopes that drain to the water, laterally into the terrestrial
ecosystem, and along the water course at variable width.” 

This approach to defining riparian areas includes several important attributes of
riparian habitats such as proximity to a water body, temporal and spatial
(horizontal and longitudinal) variability and the probabilistic nature of delineating
their width. That is, the probability of an area being considered riparian generally
decreases with increasing distance from water but is location and species specific.

The temporal and spatial variability of boreal forest ecosystems is well
documented and is the result of complex interactions between natural disturbance
regimes, soils, topographic setting and hydrologic features. This variability is also
manifested in a wide range of aquatic and semi-aquatic habitat types (e.g. rivers,
lakes, marshes, bogs, fens and swamps) which support a diverse vegetation
community. The vegetation communities and species assemblages associated with
specific hydrologic features also vary with respect to interactive factors such as
topographic setting, soils, and climate (Gregory et al. 1991). Additionally, riparian
areas are subject to drying events and flooding events that vary in space and in
time, thus creating a complex series of habitat types across landscapes. These
factors considered, riparian areas are not restricted to any particular vegetation
class but can generally be identified by their proximity to a water body. 

Sustainable Forest Management Network
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A probabilistic approach to delineating riparian areas is particularly suitable
because it addresses the difficulty of delimiting these areas on the landscape using
broadly applicable criteria (Lee and Smyth 2003). Thus, rather than assigning a set
distance at which ecosystems cease to be considered riparian, the probabilistic
approach suggests that habitats closer to water are more likely to be riparian.
From an ecological standpoint, attempts to delineate riparian areas using hard fast
boundaries based on set distances may be unsuitable because the same boundary
does not apply at all scales, to all ecosystem functions, ecosystem types or to all
species. For example, at a stand scale, Harper and MacDonald (2001) found that
vegetation communities in the riparian mixedwood forest understory showed
edge-effects for a distance of up to 40-60 m into the forest. While examining a
similar question at a different scale, Macdonald et al. (2003) found there was very
little difference between the overall stand composition of riparian forests and that
of the surrounding landscape. The limitations of the varied ecological approaches
to defining riparian areas become immediately apparent if attempts are made to
use it in a forest management or regulatory context where consistency and ease of
enforcement are necessarily as much a concern as minimizing effects.

Thus, in a forest management or regulatory context, the term ‘riparian’ is
inevitably used in a slightly different way. Generally ‘riparian’ still refers to an area
or vegetation community proximal to water. However, in forestry, it is sometimes
further defined to refer to a `riparian management area’ - the area near water in
which special management practices by forestry or other industry can occur (e.g.
100% exclusion, partial harvest). Examples of other terms used to describe this
area include special management zones, areas of concern and shoreline forest
(e.g. Ontario), or riparian management zone (e.g. Manitoba). Although a variety of
regulations governing industrial forestry in riparian areas on Crown lands exist in
all provinces, all include the provision that a strip of forest of specified width be
left unharvested (buffer strip or reserve zone) adjacent to a water body. Nova
Scotia is the only province or territory where riparian buffers are currently
required on privately owned woodlots.

In some jurisdictions the measurement of the buffer strip width is calculated
beginning at the high water mark while in others it is calculated from the edge of
merchantable timber (determined by size and/or by species) located nearest the
water. Thus, a reserve zone (buffer strip) may not always contain entirely mature
forest. Regardless, enforcement and compliance monitoring to ensure forestry
companies are meeting license and legal requirements necessitates definite
boundaries, despite these being less consistent with the variability inherent in
these systems (Box 3).

The Canadian Council of Forest Ministers (CCFM) has developed a working
definition of the term ‘riparian area’: “a strip of land of variable width adjacent to
and influenced by a body of freshwater” (Canadian Council of Forest Ministers
2006). This simple definition is less cumbersome than the above definition put
forward by Ilhardt et al. (2000), but also makes no attempt to delimit a definitive
riparian boundary on the landscape. To help eliminate some ambiguity with
related terminology, in this document upland forests associated with a body of
water will be termed shoreline forests, reserving the term buffer strip for the
management context. Riparian areas will be used in the general sense provided by
the CCFM. 
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2.2 Functions of riparian areas

Although a detailed description of riparian area functions is not a major
objective of this synthesis document a brief consideration of functions provides
context for later discussion points (*Note: Gregory et al. 1991;Naiman and
Descamps 1997 and Naiman et al. 2005 provide detailed reviews of the
functions of riparian areas).

The inherent variability associated with boreal riparian systems challenges our
understanding and consequently our management of these areas across the
landscape. Known functions of riparian areas are extensive but include regulating: 

a) flows of water, nutrients and energy between uplands and
aquatic habitats, 

b) erosion and sedimentation, and 

c) light and temperature regimes (Naiman et al. 2005). 

They also act as a source of large and fine woody debris (Naiman and Décamps
1997; Andison and McCleary 2002) and serve as dispersal habitat and corridors
for flora and fauna (e.g. Gregory et al. 1991; DeGraaf and Yamasaki 2000;
Holmes, unpubl. data). These functions are in turn influenced by biophysical
characteristics of riparian areas such as landscape context (e.g. climate, landforms,
topography), soil type and vegetation composition.

Riparian areas are identified as important habitats in a suite of geographic regions
because they tend to have higher productivity (Whitaker et al. 2000), higher
species diversity (e.g. Naiman and Décamps 1997; Bedford 1999) and also
contain species not found in other areas on the landscape (Sabo et al. 2005).
Raedecke (1988) estimated that 70% of all vertebrate species use riparian habitat
at some point during their lifecycle (based on research in northwestern US).
Similar figures for the boreal are expected. However, the boreal forest may be
fundamentally different from other areas. Whereas riparian areas often represent a
concentration of moisture in an otherwise relatively arid landscape; in the boreal
forest, edges and ecotones are abundant features and moisture gradients are
typically less steep than in more arid ecosystems. 

A brief consideration of assumptions regarding the functions of riparian areas and
possible alternate explanations is appropriate, especially when considering
management strategies. Testing assumptions represents an excellent opportunity to
expand our understanding of boreal riparian areas, particularly for the western
boreal forest where it may not always be appropriate to assume riparian functions
typical of other geographic regions. 

For example, one such assumption is that riparian areas, including shoreline
forests, are ecologically unique relative to upland habitats. While in some regions,
studies have indeed found patterns in plant or animal species composition and
abundance that support this tenet (e.g. Stauffer and Best 1982; LaRue et al. 1995)
other studies have found the opposite (McGarigal and McComb 1992; Whitaker
and Montevecchi 1997). In the western boreal forest, recent work in Alberta
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examined plants, amphibians, small mammals and birds and found that only bird
communities exhibited higher richness and abundance at forests sites adjacent to
lakes (MacDonald et al. 2006). Amphibians were also more abundant in shoreline
forests however this pattern was attributed to life cycle requirements for both
terrestrial and aquatic habitats and thus immigration and emigration patterns of
individuals across the landscape. 

While this pattern highlights the importance of sufficient terrestrial habitat
alongside aquatic habitat for some species, the idea that shoreline forests are
ecologically unique was not supported for all groups studied (MacDonald et al.
2006). This is just one example that supports the idea that perceived functions of
riparian areas are often assumptions or tenets and that alternate explanations for
these functions are possible, warranting further study (Table 1; Naiman et al. 2005). 

Table 1 Some examples of assumptions regarding riparian areas and potential
alternate explanations (Modified from Table 1.1, Naiman et al. 2005).

Assumption/Tenet Possible alternate explanation

3.0 Riparian Guidelines: 
brief history and current context

3.1 Where do riparian guidelines come from?

Riparian buffers were first utilized in the United States in the 1960’s (Calhoun
1988) but date back to the 1700’s in European forest management where treed
corridors were retained along streams (Porter 1887 in Lee and Smyth 2003).
Historically, the primary reason for requiring the use of riparian buffers was to
prevent sedimentation and stabilize stream banks (Lee and Smyth 2003). More
recently objectives have broadened to include providing habitat for terrestrial and
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aquatic biota.  An examination of references contained within guidelines and
policy documents reviewed for this case study revealed many of the guidelines
developed for boreal Canada appear to be modeled after practices and research in
temperate and mountainous zones. This is likely due to the absence of similar
research for boreal systems at the time guidelines were initiated.

Lee et al. (2004) and Lee and Smyth (2003) provide an extensive review and
evaluation of riparian management guidelines in North America. They found the
factors used to determine buffer width include topography, fish presence,
waterbody size and type, aesthetic or recreation value and potential for
downstream impacts. Lee et al. (2004) found that just over half of North American
jurisdictions use 2 or less factors to establish a buffer width. However, most
jurisdictions use a “one or few sizes fits all” approach (Lee and Barker 2005).
While most guidelines consider rivers separate from open water such as lakes,
very few consider wetlands separately or use an ecologically based wetland
classification system (NCASI 2007). Guidelines are typically applied on the basis
of waterbody size rather than a hydrological or ecological classification which
would be expected to better reflect function and other associated values. In
general buffer widths prescribed in boreal regions are amongst the widest in
Canada (Lee et al. 2004). 

Another important factor when evaluating riparian management practices is the
overall forest management paradigm or direction under which riparian strategies
are implemented. Since most of the current guidelines were developed, forest
management in Canada has moved from a sustained yield, timber focus to a
sustainable forest management (SFM) approach. One of the key objectives of SFM
is the maintenance of a diverse set of forest values, including ecological, social
and economic elements, and the provision of forest-derived goods and services for
current and future generations. Forest management strategies to achieve SFM have
changed considerably including;

• a shift in focus from minimizing impacts predominantly at the
stand level to including considerations at a watershed or
landscape scale (Donnelly 2003), 

• growing implementation and application of natural
disturbance models (Hunter Jr. 1993; Attiwill 1994; Bergeron
et al. 1998),

• a recognition of the need to develop a systems approach and
integrate management of both terrestrial and aquatic
resources (Franklin 1997; Kimmins 2004), and

• improved access to advanced technology for planning (e.g.
GIS, models), inventory (e.g. remote sensing, high resolution
imagery) and operations (GPS, better equipment). 
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Below, we provide a focused description of riparian guidelines in three different
provinces with emphasis on three boreal plain FMAs which serve as examples of
some contemporary approaches to forest management. 

3.2 Regulations and guidelines governing the management 
of boreal plain riparian areas

Federal, provincial/territorial and municipal levels of government are involved in
managing the use of forest resources around water. Each province has developed
its own interagency arrangements for managing these natural resources, with
sometimes patchy coordination between levels of government and with
companies. Engagement processes are sometimes formal but informal processes
are not uncommon.

Federal legislation influencing operational practices in and near riparian areas
includes the Federal Fisheries Act (Department of Fisheries and Oceans 1986)
enforced by the Department of Fisheries and Oceans. Companies are legally
responsible for the "harmful alteration, disruption or destruction" of fish habitat
(HADD) which includes any meaningful change in one or more habitat
component, that can reasonably be expected to cause a real reduction in the
capacity of the habitat to support the life requisites of fish including, but not
limited to, water quality. The department has been quite clear in its mandate to
enforce infractions but at this time, does not provide recommendations regarding
the best management approaches for these areas. While these regulations are
clearly applicable to bridge and culvert installations they are also considered for
riparian buffer widths, and approval of forest management and access plans,
where water quality effects may be of concern.

Federal and provincial fisheries agencies may be involved in the review of
strategic level forest management plans to ensure that harvest and access
management activities will not adversely affect water resources and regulatory
requirements are met. The degree of involvement varies by province and
sometimes by Forest Management Agreement (FMA) area.

A review of the guidelines and standards for three of the provinces with forested
areas in the boreal plains indicates that, historically, factors considered for
characterizing water bodies and making decisions about the width of buffers
tended to be limited to size, permanency and presence or absence of fish (Table
2). Recently, Manitoba Conservation developed new guidelines designed to
identify opportunities where forest harvest may be integrated with the conservation
of other resource values and to align riparian policy more closely with SFM
approaches (Manitoba Conservation 2008). However, in general, objectives for
riparian management tend to be broadly stated such as “maintaining aquatic
biodiversity, wildlife habitat, and water quality”. The use of the term “maintaining”
here seems to mean relative to the pre-harvest condition but this is not always
explicitly stated in guidelines.

Sustainable Forest Management Network
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Alberta
In Alberta, guidelines for forest management activities near waterbodies are
outlined in the Alberta Timber Harvest Planning and Operating Ground Rules
(Alberta Sustainable Resource Development 2006). The operating ground rules
address two main areas related to riparian management: 

1) minimizing the impacts of harvest operations on water yield,
regime and quality, watercourse structure, soils, cover and
provision of riparian habitat for fish and wildlife during
harvest block planning; and

2) minimizing effects on soils, debris inputs into watercourses,
future forest productivity and other resources during
operations (Alberta Sustainable Resource Development
2005). 

There is provision for region specific ground rules in the current policy and though
specific guidelines may vary by Forest Management Agreement (FMA) area, a
common element across regions includes the requirement for riparian
management in the form of buffers. Riparian buffers are intended to serve as a
filter strip around lakes and streams and slow surface runoff from adjacent
harvested areas thereby reducing erosion hazard and water sedimentation (The
Forestry Corps 2004). Strips of timber and/or vegetation are not disturbed during
harvest with the expectation post-harvest effects on wildlife, quality and quantity
of water, and aesthetics will be buffered or minimized.

In 2005 the Alberta government conducted a review of current riparian
management policy in Alberta’s forests. Upon completion of the review, the policy
and associated guidelines were thought to be adequate for conserving water
values based on the current Alberta forest management standards. They further
outlined a series of management goals for riparian areas along with supporting
strategies (Alberta Sustainable Resource Development 2005). The goals are
centered on ecological functions of riparian areas and include maintaining: 

• water quality (water chemistry, sedimentation, temperature), 

• water quantity, 

• coarse woody debris and organic inputs, 

• terrestrial and aquatic habitat and biodiversity, 

• landscape connectivity, and/or 

• minimizing cumulative effects. 

Although a broad series of factors are considered as part of these goals, some
additional objectives could include: socio-economic objectives (traditional values,
subsistence living, recreational), natural disturbance approximation and forest
health (disease, insect pests and stand renewal). 
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For example, operating ground rules on the Alberta Pacific Forest Industries (Al-
Pac) FMA area in northeastern Alberta require the use of 30, 60 and 100 m buffers
as per provincial requirements (Table 2). In addition, Al-Pac developed their own
operating practices based on company directives which calls for the provision of
10 m wide riparian buffers for intermittent/ephemeral water bodies where fish or
fish habitat is known to be present and a 10 m machine free zone (equipment can
reach 8 m thus leaving a 2 m buffer) where no fish are known to be present.
Further, certain water features identified by the company’s Integrated Resource
Plan as “special water features” require an 800-1000 m buffer because they
contain cultural and/or wildlife attributes. Al-Pac typically does not deviate from
these operating guidelines, but under special circumstances (disease control, some
salvage operations) permits to harvest riparian areas can be obtained.

Saskatchewan
Saskatchewan currently manages riparian guidelines on an FMA by FMA basis. At
the time of writing, all forest management areas except one apply a 15, 30 or 90m
Riparian Management Area width depending on the size of water body and
presence or absence of fish. 

The exception to the provincial standard riparian buffer width (15, 30 or 90 m)
requirements is the Weyerhaeuser Prince Albert FMA, located south of Prince
Albert, SK (currently inactive due to closure of facilities associated with the
FMA in April 2006). In the last 20 year strategic Forest Management Plan
developed by Weyerhaeuser Saskatchewan (Weyerhaeuser 1999) the preferred
management scenarios included a variable retention harvesting prescription on
all water bodies. 

The Weyerhaeuser Prince Albert FMA objectives for riparian area management
included: 

1) protecting riparian dependant resources and aquatic
ecosystems by maintaining the diversity of ecological
structures and functions in the riparian areas; and

2) adopting a landscape perspective to 

(a) provide habitat connectivity and environmental 
requirements for riparian communities of plants and 
animals; and 

(b) minimize impacts on watershed hydrology. 

Landscape-based categories of riparian management areas were developed with
applicable standards for each category (Table 3) as well as a suite of general
standards for all categories that address:

• forest health and blowdown (site inspection required),

• tree retention volumes (25% average volume within
minimum harvest zone, 20% within a harvest block),

• soils and site disturbance (rutting <12 cm deep and 5 m long,
limited to <1% of the harvest zone area),
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• roads and landings (avoid),

• landscape harvest block planning (layout to minimize wind
damage on buffer, plan retention of structure, minimize
stream crossings, harvest riparian area in conjunction with
harvest of adjacent non-RMA block),

• water quality (maximum allowable change in turbidity 25
units),

• renewal (within 2 growing seasons),

• overlapping RMA categories (category with greatest buffer
width or least amount of disturbance takes precedence), and

• skid trails and topographic constraints (not allowed in no
harvest/no machinery zones except with approval).

Table 3 Standards for riparian buffer requirements by riparian management
category and waterbody type in the Weyerhaeuser Prince Albert FMA,
Saskatchewan (Weyerhaeuser 1999). 

1 Streams and ephemeral/intermittent drainages included are those discernible 
at 1:15 000 scale on aerial photographs or during pre-harvest surveys or 
harvesting operations.

2 A minimum average volume retention level of 25% per operating year across 
the FMA is required within limited harvest zones, with a 20% minimum volume per
block. The volume within the no harvest zones is not included in the volume
for the limited harvest zone. 
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Riparian 
Management
Category

Waterbody type Standards

1 Large lakes (>5 ha), 
rivers & streams1

10 m no harvest zone once overstory
trees encountered, with 30 m limited
harvest zone upslope

2 High slope areas (>15%) 
on small lakes or ponds
(0.5-5.0 ha in size)

Limited harvest zone2 to maximum
distance of 30 m or top of slope;
includes a 10 m machine free zone on
downslope edge of buffer

3 Low slope areas (<15% ) 
on small lakes or ponds

10 m limited harvest/machine free zone
at start of overstory trees

4 Intermittent streams1 Ensure no impediments to surface or
subsurface flow; leave residuals in
clumps and single trees. Keep
machinery out of channel unless frozen

5 Ephemeral streams 
and wetlands

Ensure no impediments to surface or
subsurface flow



The development of the riparian area harvest prescription was challenging. Though
both the government and industry agreed that harvesting shoreline forest was
potentially beneficial in many cases, reaching agreement on the best way to
harvest these areas was not as straightforward. There was extensive consultation
between Weyerhaeuser, the Province, and science advisors. Adverse effects from
harvest activities within riparian areas were a great concern of both the public and
the government. This led to consultation about the appropriate practices to be
implemented as well as the effects monitoring required. It was agreed to leave a
10m no harvest zone adjacent to a 30m zone where 25% of the volume was
retained (Figure 2). The width of the no harvest zone was measured from the point
where vegetation shifts to overstory trees. Effects assessment (e.g. benthic
invertebrates, regeneration) was an approval condition of the FMP. The policy is
intended to reflect a commitment to continual improvement and the incorporation
of the most recent scientific knowledge during future revisions of these standards
and guidelines (adaptive management).

Figure 2 Schematic and photograph illustrating a 10m no harvest zone adjacent
to a 30m zone where 25% of the volume was retained for a riparian
management area in the Weyerhaeuser Prince Albert FMA. Standard
practices are applied in the remainder of the cutblock. (Photo and
diagram courtesy of Weyerhaeuser Saskatchewan Ltd., Prince Albert
Forest Management Area)

In Saskatchewan, including the Weyerhaeuser FMA, additional provisions are made
for sites (including lakes) designated as visually sensitive due to factors such as
recreational values or other issues of public concern. Standards pertaining to
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visually sensitive lakes, including both planning and harvest activities, are found in
the Visual Resource Management Standard (See Box 7 on page 43). These
guidelines take precedence over the riparian management guidelines and
demonstrate that under some circumstances social values are deemed more
important than ecological or economic values. If a site is identified as visually
sensitive then a long term plan to address the visual landscape must be developed. 

More recently, province-wide standards and guidelines for forest management are
being developed  in an effort to move towards a results-based regulatory system
(SK Environment pers. comm, February 2009, May 2010). As the provincial
standards and guidelines are developed and approved, the FMA standards and
guidelines will be superseded. This change in management model will require
government agencies to become more involved in monitoring results and
outcomes of practices, with the companies responsible for meeting management
objectives and following approved strategic and operating level plans. 

Manitoba 
The potential for adverse effects resulting from forest management activities near
water bodies in Manitoba are also typically mitigated at the stand level. The
current regulatory framework and guidelines are centered on the establishment of
riparian buffer zones around all lakes, rivers, streams, and wetlands as a method
to reduce or eliminate impacts resulting from forest management activities. 

Riparian buffer zone requirements are outlined in the Forest Management
Guidelines for Riparian Management Areas (Manitoba Conservation 2008)
recently adopted as a provincial standard. They replace the former guidelines
developed in the mid 1990’s that required a 100 m no harvest buffer on all
waterbodies (Consolidated Buffer Management Guidelines, Manitoba Natural
Resources 1996). In Manitoba, under the Consolidated Buffer Management
Guidelines, forest managers were sometimes allowed to deviate from the standard
100m guideline with government approval. These decisions were made by the
province’s District Integrated Resource Management Team (IRMT) following a
review of rationale, site inspections and an effects assessment for many values.
The new riparian guidelines were developed with the intention of reflecting the
range of values being considered during these mitigation discussions.

The guidelines incorporate a decision support framework to identify potential
riparian areas where it is possible to harvest without adversely affecting other
values. The framework, developed using a series of 6 decision keys, is based on
factors that influenced buffer width decisions in the past. These factors include
social and recreational values, fish and wildlife values, water quality, slope, soils
and forest health.

The new riparian management area guidelines were developed by the Manitoba
Forest Practices Guidelines Committee, an advisory committee with
representatives from the forest industry, non-government organizations and the
government, under the direction of Manitoba Conservation. They are designed to
identify opportunities where forest harvest can be integrated with the conservation
of other resource values.

Sustainable Forest Management Network

More recently, province-
wide standards and
guidelines are being
developed in an effort to
move towards a results-
based regulatory system.

Manitoba guidelines
require buffer zones
around all lakes, rivers,
streams, and wetlands as
a method to reduce or
eliminate impacts
resulting from forest
management activities. 

The guidelines
incorporate a decision
support framework to
identify potential areas
where it is possible to
harvest within riparian
areas without adversely
affecting other values.



25

Forest managers may develop harvest prescriptions within the management zone
(MZ) of the designated riparian management area (RMA) dependent upon
regulatory approval (Table 2). These decisions are made at a stand level, on a case
by case basis, and are based on a review of rationale, site inspections and an
assessment of the potential for adverse effects by the province’s District Integrated
Resource Management Team (IRMT).

The new RMA guidelines were reviewed following an implementation phase
(2008-2009) and will be formally reviewed again in January 2013.  Landscape
design guidelines are also under development by the Committee with the
intention of eventually reviewing the riparian management guidelines to integrate
both stand level and landscape level objectives. 

Within Manitoba, LP Canada Ltd., Swan Valley (LP) is responsible for forest
planning and management on crown lands within the Duck Mountain Provincial
Forest. The company and Manitoba Conservation, Forestry Branch have
established a process where they mitigate potential forestry effects and discuss
buffer management strategies collaboratively through a series of annual meetings.
This process has enabled the company to implement variable width buffer strips
that range from 0 to 100 m wide along water features. Riparian buffers within the
LP license area are established from the edge of the merchantable tree line (based
on size) into the upland forest. The determination of variable buffer widths is
based on traditional knowledge, local experience, reconnaissance surveys and
information collected during intensive pre-harvest surveys or research studies. 

All riparian buffer strips retained within LP’s operating areas are ‘no harvest
buffers’ meaning these areas will not be managed unless otherwise directed by the
provincial government. However, the harvesting of larger riparian buffers is
considered an acceptable practice as long as the area adjacent to the buffer has
forest cover that has reached a sufficient height (2 m high for softwood and 3 m
high for hardwood). This requirement is primarily based on considerations that
attempt to reduce hunting pressure on wildlife by reducing the line of sight to less
than 400 m. In practice, forest planners generally avoid returning to harvest a
riparian buffer due to the cost of harvesting small areas or low volumes.

3.3 Are the guidelines working?

Guideline effectiveness is a multifaceted issue that should also consider the
question “Would different guidelines work just as well?” A detailed and
thorough overview of the efficacy of riparian guidelines for conserving a range
of functions and biota exists in Lee and Smyth (2003). The objectives reviewed
by Lee and Smyth (2003) included preventing or reducing runoff, water yields
and sedimentation, maintaining stream temperatures and woody debris inputs,
and achieving biodiversity (terrestrial and aquatic) objectives including habitat
and connectivity. The results of this review are briefly summarized below, with
a particular focus on the provision of riparian buffers in boreal regions, to
provide context for subsequent sections of this document. Results from other
studies published since the review by Lee and Smyth (2003) are also included
where relevant.

Sustainable Forest Management Network

The determination of
variable buffer widths is
based on traditional
knowledge, local
experience, information
collected during
intensive pre-harvest
surveys or research
studies. 

Guideline effectiveness is
a multifaceted issue that
should also consider the
question “Would
different guidelines work
just as well?” 

Forest managers may
develop harvest
prescriptions within the
management zone of the
designated riparian
management area
dependent upon
regulatory approval.



26

Water Yields, Runoff, Nutrients and Sedimentation

Research regarding the efficacy of buffers in preventing runoff and increases in
water yields is limited for boreal regions though research that looks at the general
effects of harvesting on these factors does exist. However, Buttle et al. (2000), in a
review of hydrologic research in Canada (1995-1998), noted that a basic
understanding of the potential effects of forest disturbance on hydrological
processes and their recovery is lacking, and within and between region
extrapolation of results from a single basin to an entire region may not be
appropriate due to local sources of natural variation. For instance, interactions
between surface and subsurface water systems are far more complex on the boreal
plain compared to the boreal shield ecozone. Furthermore, forest management
policies are developed for application at a regional scale and assumed to be
relevant based on these interpretations of basin-level research. Devito et al.
(2005b) developed a framework for broad-scale classification of hydrologic
response units on the boreal plains as a means to unify hydrologic concepts,
integrate surface water and groundwater processes and assess the susceptibility of
surface waters to disturbance. The hierarchical classification provides a conceptual
framework based on factors (climate, bedrock and surficial geology, soil type and
depth) that control water cycling at the appropriate spatial scale and can be used
to design effective mitigative measures in forest management planning (Buttle et
al. 2000) . 

In the boreal shield region, timber harvest results in increased base and peak flows
due to decreases in snow and rainfall interception, reductions in
evapotranspiration and increasing infiltration (Buttle et al. 2000). Increased water
inputs result in greater soil water content and increased ground water recharge
which leads to a rise in water table levels and a greater potential for lateral flow
above bedrock surfaces or less-conductive horizons. These post-disturbance
increases in soil water and enhanced potential for lateral flow translate into
increased annual streamflow. Increased water yield has been associated with the
removal of forest canopy in both coniferous and deciduous forest types (Buttle and
Murray 2007). However, a study in northwest Ontario on the boreal shield found
no difference in water yield between two lakes; one with extensive watershed and
shoreline harvest, and the other with moderate watershed harvest and retained
buffer (Steedman and France, 2000). Water yields, peak flows, and nutrient yields
increase immediately after disturbance (harvesting and wildfire) and decline
thereafter (Lee and Smyth 2003) until hydrologic recovery is achieved generally
20-30 years. 

In north-central BC, Macdonald et al. (2003) examined clearcut effects on
streamflow and suspended sediments in sub-boreal B.C. and found that the total
runoff and peakflows increased for up to five years post-harvest, with a reduction
in sediment concentrations within three years. Sediment sources were associated
with stream crossings and landings located near streams rather than erosion of
stream banks. However, hydrologic recovery varies widely depending on site
characteristics, level of harvest and the effect under consideration (Buttle and
Murray 2007).
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On shallow or bedrock soils, soil moisture storage capacity can be exceeded and
the impacts of forest harvesting such as increased runoff may be exacerbated
resulting in lateral runoff (Buttle et al. 2000; Devito et al. 2005a; McDonnell
2003). Forest harvest can affect soils through compaction, erosion, rutting, loss of
organic matter, etc. These effects may last 10 – 21 years before returning to pre-
harvest conditions (National Research Council 2008). In contrast, on the boreal
plain where a drier climate and deep glaciated substrates prevail,
surface–groundwater interactions are likely complex and dominated by soil water
storage and evapotranspiration (Devito et al. 2000) resulting in a low risk of runoff
due to harvesting (Devito et al. 2005a). In Saskatchewan, on the boreal plain,
Pomeroy et al. (1997) found that cutover sites had greater water storage compared
to regenerating or mature forests likely due to less interception and smaller
evapotranspiration fluxes following harvest. 

Lee and Smyth (2003) suggest that riparian management areas are not likely to
mitigate water yield increases following harvest due to their relatively small size
(~2% of watershed area for boreal forests) and buffers are relatively ineffective at
mitigating increases in water yields because these catchment-level effects are a
function of the overall proportion of disturbance in the catchment rather than in
any particular riparian management area. Devito et al. (2005a) suggested that
valley-bottom ephemeral draws and wetland areas have the greatest risk of
impacts due to harvesting. Lee and Smyth (2003) suggest that water yield effects
could be minimized by avoiding these areas and designing roads to avoid the
creation of hydrologic connections.

“Riparian energy and nutrient inputs are probably more important on small lakes
or lakes with complex shorelines where the ratio of shoreline length to lake
surface area is relatively large” (Gunn et al. 2004). Forest disturbance has been
linked to increased nutrient fluxes from terrestrial areas to receiving waters
however the extent of these effects differs between landscapes and nutrient types
(Buttle and Murray 2007). Disturbance by wildfire can increase the availability of
water-soluble nutrients due to the mineralization of organic nutrients contained in
vegetation and the exposure of mineral soil that takes place in severe fires (Bayley
et al. 1992). These nutrient pulses are likely important however it is unknown
whether harvesting results in similar nutrient pulses.

Buffers are effective at reducing sediment flow into water bodies from overland
flows created by disturbance of the forest floor but were less effective in
preventing sediment transport through channelized flow. Nitschke (2005), in a
meta-analysis of Canadian and American research comparing fire versus harvest
effects, found roads associated with harvest activities provide a long-term
sediment source that deserves attention from forest managers. Lee and Smyth
(2003) suggested that buffers were not needed to control sediment when soil
disturbance during harvest was minimized. Furthermore, they identified skid trails,
landing areas, and roads as the more dominant sources for sediment from
harvesting. In recent years, efforts on the part of forest management companies to
reduce harvest-related water effects through the use of best management practices
for harvest operations, road construction and stream crossings, along with training
and education, have enhanced the mitigation of site disturbance and reduced the
potential for sediment inputs to aquatic systems (NCASI 2009). Shoreline
harvesting along coldwater lakes in the boreal shield of Canada resulted in no
significant sediment deposition (Steedman and France 2000). 
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In summary, some hydrological research demonstrates that buffers may not
always be necessary along receiving waters, while in some cases (e.g. source
waters) the use of much wider buffers may be required (Devito et al. 2000). 
More research in the boreal plain is needed to understand where buffers are
necessary to meet objectives and where these objectives might be better
addressed with alternative riparian management strategies in combination 
with other stand retention practices.

Regulating stream temperature and maintaining allochthonous
organic inputs
Canopy cover from treed buffers provides significant modulation of stream
temperatures in the boreal and other ecoregions. Treed buffers are unlikely to 
be effective for maintaining temperatures of boreal lakes and wetlands as the
canopy only occasionally provides direct cover to these types of shorelines
(Steedman et al. 2001).

Treed riparian buffers also provide a significant amount of allochthonous organic
debris into streams. The removal of shoreline forest has clearly been shown to
create a loss of habitat and food sources in stream systems (Lee and Smyth 2003).
In addition, France et al. (1996) found that harvesting shoreline forest around
boreal shield lakes reduced inputs of small woody debris by up to 90%. Lee and
Smyth (2003) suggest that a lack of treed buffers around medium to large lakes is
less likely to impact organic inputs relative to smaller lakes. However, it is
important to consider that seemingly small changes in an ecosystem can
occasionally lead to bigger than expected changes. For example leaf exclusion
experiments have shown that the entire food chain can be affected when
woodland streams are deprived of leaf litter inputs, even for a short time (Naiman
et al. 2005). 

Biodiversity Objectives
Riparian areas contribute significantly to biological diversity and wildlife habitats
(Sabo et al. 2005). They are biologically diverse areas in terms of vegetation
communities and the species that live within them, with soil and moisture
conditions that are usually different from upland areas. Riparian areas provide
important habitat elements (core areas and refugia) and are utilized as travel
corridors by many species of wildlife (Lindenmayer and Franklin 2002). Although
riparian buffer strategies were originally developed to address water issues,
biodiversity objectives such as wildlife habitat, connectivity and travel corridors
are now key components of riparian management strategies (Manitoba
Conservation 2009; Ontario Ministry of Natural Resources 2010).

Though specific biodiversity objectives can be difficult to measure, several studies
have examined the suitability of various buffer widths for maintaining flora and
fauna in North America. Results are generally mixed but this is not surprising
given the range of forest types, and forest practices. In addition, it is challenging to
distinguish human impacts from natural fluctuations, particularly in animal
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populations. Results are also mixed depending on whether species habitat
requirements or preferences include riparian, aquatic, or terrestrial areas. For some
groups, including terrestrial invertebrates and reptiles, little data is available on the
effects of riparian harvest activities in boreal ecoregions and in the western boreal
forest studies are particularly limited (but see results of Terrestrial Riparian
Organisms, Lakes and Streams- TROLS; Northern Watersheds study-Alberta
Conservation Association). This could be an important limitation to effective
riparian management for forest wildlife as habitat associations and behaviors can
vary from one region to the next, even for the same species (Hannon et al. 2002). 

Riparian areas have a relatively high diversity of non-vascular and vascular plants
because of the relatively close spatial proximity of varying abiotic conditions and
the complex interaction of disturbance and succession (Harper and MacDonald
2001; Sabo et al. 2005). The impact of tree removal in riparian areas through
harvesting and disturbance is unclear for plant communities in and around boreal
water bodies (Lee and Smyth 2003). Short term studies have shown little response
by plants to buffer width (Macdonald et al. 2006). 

Evidence suggests that distribution and/or abundance of mammals and
amphibians is positively affected by the presence of water. However, it is unclear
whether disturbance of treed riparian zones alters this distribution (Lee and Smyth
2003). On the boreal plain, small mammal and amphibian communities do not
exhibit drastic changes in response to various buffer widths (2–100m). In other
boreal regions, anuran or mammal communities did not vary in relation to
different width buffers (Darveau et al. 1995; Whitaker and Montevecchi 1997). For
most large mammals, the riparian buffers retained are not wide enough to provide
core reproductive habitat, however, they may provide sufficient cover to feed and
travel (Lee and Smyth 2003). For some mammal species such as moose, there is a
preference for treed riparian areas. However these areas do not appear to be
important habitat for many small- and medium-sized species. Thus for some
landscapes and for some species assemblages the buffer size required may be very
small (Hannon et al. 2002).

The TROLS study also evaluated the response of the terrestrial bird community to
buffers of different widths. Results indicated several bird species considered to be
habitat generalists, or edge associated, did not show a decrease in abundance in
response to variation in buffer widths (Hannon et al. 2002). However, traditional
buffers were deemed insufficient for maintaining interior forest bird species and
led to the recommendation that riparian buffer widths should be a minimum of
200 m to maintain these bird communities (Hannon et al. 2002). Some studies
have noted increased densities and species richness in buffers immediately after
harvest due to a crowding effect, however, this condition declines in subsequent
years as birds disperse (Darveau et al. 1995). Finally, little research has been done
on bird species (e.g. some species of ducks) whose life histories are dependent on
the presence of trees close to water (but see Pierre et al. 2001). As most
individuals typically nest within 200 m of water, it is expected these species
would be negatively impacted by removal of large trees from shoreline forests but
these effects have not been clearly demonstrated (Pierre et al. 2001).
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The response of aquatic invertebrates and fish communities to riparian disturbance
has been mixed, with changes usually attributed to secondary effects of harvesting
(e.g. temperature changes, channelized flows, sedimentation when they occur). In
non-boreal regions, buffers have been shown to minimize adverse effects to
aquatic macroinvertebrates and fish, especially in flowing systems. Fish and
macroinvertebrates are considered good indicators of ecosystem health and fish in
particular resonate with public concerns. Hence many buffer guidelines use the
presence or absence of fish to assign a buffer prescription. Sufficient short- and
long-term data to evaluate the effects of changes to buffer guidelines on
invertebrates and fish communities in open water and lakes in the western boreal
forest is lacking. 

In many regions, post-harvest increases in stream water temperatures, and
associated negative effects on fish, are well demonstrated. However, fish
populations have also been found to recover quickly following disturbance if
access to source populations is not interrupted (Naiman et al. 2005). Thus
sedentary species may be more sensitive to habitat changes. Results from research
on lakes on the boreal shield have indicated little response of trout to harvesting
in shoreline buffer strips of lakes (Steedman 2000, St. Onge and Magnan 2000).
Certainly more research and monitoring are required to evaluate alternate riparian
management strategies for both fish and macroinvertebrates. Lee and Smyth (2003)
recommended that harvest prescriptions for riparian areas might be better assessed
on a case by case basis with particular attention paid to watershed scale
considerations such as cumulative effects.

The role of riparian areas as corridors, refugia and core habitat has also been
extensively discussed (Fischer et al. 2000; Lee and Smyth 2003; Naiman et al.
2005). There is some evidence to suggest that riparian buffers are an effective
way to maintain connectivity on the landscape by acting as movement corridors
for some species (Norton et al. 2000). A corridor is a strip of vegetation that
connects two or more larger patches of vegetation through which an organism
will move over time (Fischer et al. 2000). Attributes of corridor suitability vary
between species (Lindenmayer et al. 2000), but for some species, riparian buffer
strips provide suitable wildlife corridors (e.g. fisher, marten). Hannon et al. (2002)
and Machtans et al. (1996) demonstrated that buffer strips of shoreline forest
were useful for fledgling and dispersing songbirds and served to increase
connectivity between two isolated forest fragments, at least in the short term.
However, recent research has provided evidence that the persistence and habitat
suitability of some of these corridors over time may be in question. Martell et al.
(2006) found 72% of poplar trees within 30 m of streams studied were removed
by beaver foraging and suggest that much wider buffers may be needed to
accommodate beaver and other wildlife. Likewise managers should consider that
riparian corridors are dynamic systems and will change over time due to
succession, aging and natural disturbance processes. Alternatively, relying on
riparian buffers exclusively to provide connectivity on the landscape may be a
poor strategy and a broader landscape approach to mature forest corridor
planning is recommended (e.g. Box 4). 
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Box 4: Balancing tradeoffs: an economic and ecological 
corporate reality

“LP recognizes that more information is required to understand the complexities of
the biophysical interactions within riparian areas and continues to foster and
explore new partnerships related to watershed conservation. LP continues to work
through the challenges that arise when trying to balance mill wood requirements,
regulatory requirements for wildlife habitat, and company obligations for
conserving water resources and biodiversity across the license area. Unfortunately,
the results of managing for multiple values without taking into consideration how
one requirement affects the other can potentially increase the pressure on the forest
ecosystem, i.e. by increasing forest fragmentation and the density of forest road
development. For example, the need to employ variable retention harvesting in
support of the natural disturbance model, coupled with regulatory requirements to
reduce line of sight within cutblocks and the application of buffers around all
aquatic features, has resulted in less wood volume per cutblock. This reduction in
wood volume necessitates the need for LP to design and potentially access more
harvest areas to meet mill requirements and Annual Allowable Cut targets. For this
reason, it becomes necessary to design better variable retention strategies
recognizing that companies cannot manage for all forest values everywhere and
that some tradeoffs need to take place in order to sustain the long-term viability of
other biologically and/ or socially significant forest values.“ LP-Canada Ltd., Swan
River, pers. comm.

It has also been suggested that riparian buffer strips might act as refugia or core
habitats for some species post-harvest. Refugia refers to

“the use of riparian areas as a temporary habitat that facilitates
the survival of a species until post-disturbance recovery provides
more favourable habitat. Core habitats represent areas capable of
supporting long-term sustaining populations of species. Like
refugia, core habitats are sources for dispersal into the
surrounding post-disturbance habitats. These categories represent
points along a continuum of dependence upon riparian areas” 
(Lee and Smyth 2003). 

Most of the current research regarding shoreline forest and the width of buffer
strips is based on presence/absence data and/or relative abundance/density data.
More specialized study is needed to gain a clear understanding of the role of
riparian areas in the life history and population maintenance of species. Until that
time we will continue to have incomplete knowledge about which species need
the combination of trees and proximity to water as a critical component of their
life history (Lee and Smyth 2003). Larger riparian areas may also be required for
temporary refugia for species that will re-colonize disturbed areas or as core
habitat for long-term population maintenance. However these objectives need to
be evaluated and managed at a broader scale not on a stand by stand basis and
should be considered along with other trade-offs being made on the landscape. 
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4.0 Forest management on the boreal 
plain – opportunities to implement 
a systems approach?

4.1 The natural disturbance model

The concept of ecosystem management has been incorporated into policy and
practice in many areas of Canada. The primary goal of forest ecosystem
management is to maintain the ecological integrity and health of the forest
(Gauthier et al. 2009). Hunter (1993) and others ( Perera and Buse 2004; Bergeron
and Harvey 1997; Attiwill 1994) have suggested the adoption of forest
management practices that result in forest patterns and structure that more closely
resemble those derived from natural disturbances as a means to achieve
ecosystem-based management. In practice, a common objective of the natural
disturbance-based approach is to design forest management practices that fit
within a historical range of variability of natural disturbance regimes (Landres et
al. 1999; Ontario Ministry of Natural Resources 2001; Andison 2003). 

Kimmins (2004) outlined the need to manage forest ecosystems as integrated
systems, with a conceptual framework designed to maintain ecosystem structure
and function and accommodate harvest activities. The concept of a forest
ecosystem incorporates the interactions, structures and processes that link biotic
and physical elements and are made of several hierarchical levels (Gauthier et al.
2009). A systematic approach, at multiple scales, including both terrestrial and
aquatic landscape components, is needed as forest managers develop and
implement strategies and objectives to achieve ecosystem-based management.
Riparian areas are an important component of these forest systems and should be
integrated into both strategic and operational planning processes.

“However, when pursued out of uncertainty about potential
impacts, a no-cut buffer simply limits management options and
opportunities. These opportunities include not only management
for obvious features, such as desired commercial species and
timber products, but also enhancement and restoration of riparian
functions. Our point is that no-cut buffers do not accommodate
the natural range of variability in riparian forests, including
differences in potential composition and productivity. These
buffers ignore the fact that disturbance is a natural part of riparian
systems and they provide minimal flexibility for meeting diverse
management objectives”. (Palik et al. 2000)

Clear methods for applying the natural disturbance model to riparian areas need
to be developed however only a handful of studies have examined natural
disturbance patterns specifically associated with riparian areas. In general, studies
examining forest fire dynamics in boreal landscapes can be conflicting. Johnson et
al. (1998) stated “Fire behaviour should not vary strongly with stand age or with
species composition types”. However, Quintillio et al. (1991) suggest “pure
healthy aspen stands are virtually impenetrable by fire except under extreme
burning conditions”. Cumming (2001) concluded that forest composition
influences fire behaviour at both regional and local scales. They demonstrated
empirically that black spruce and pine burned most frequently, while aspen forests
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burned least frequently, with white spruce and wetland forest types falling out in
the middle. Although some authors (e.g. Andison and McCleary 2002; Everett et
al. 2003; Macdonald et al. 2004) did not find any differences in stand age and
composition between shoreline/riparian forests and those of the surrounding
landscapes, other studies (Suffling et al. 1982; Denneler et al. 1999) have
demonstrated shoreline/riparian forests may experience a lower frequency or
intensity of fire disturbance than other parts of the landscape. 

Lee and Smyth (2003) determined that succession patterns following natural
disturbance varied with stream type. Large permanent streams tended to have
greater amounts of unburned residual than small permanent and intermittent
streams. In addition, the amount of unburned residual around permanent streams
was greatest in close proximity to the stream and increased further away from
intermittent streams. Thus, if forest managers were approximating natural
disturbance (fire) Lee and Smyth (2003) suggested that:

1) streamside forest around large permanent and small
permanent streams should be removed, 

2) forest around intermittent streams should be retained, and 

3) forest retention along intermittent, upland streams should
exceed current buffer widths. 

This strategy could also apply to lakes, pond and wetlands however further
research is needed to develop methods for approximating natural disturbance
regimes in these types of riparian areas and to forecast their potential ecological
and socio-economic consequences using spatially explicit models. Nitschke
(2005) recommends the use of partial or selective harvests combined with
prescribed burns as the best way to approximate wildfire in headwater streams
and reduce negative effects from harvest.

Beaver are also considered to be an important natural disturbance on the
landscape (Barnes and Mallik 1997; Gabor et al. 1999). In many areas, the
management of beaver is a trade-off between the importance of the wetland
habitats they create and the area of productive land lost to flooding (Naiman et al.
1986). However, the influence of beaver disturbance on the boreal plain
landscape is not well understood spatially or temporally. Their role in maintaining
habitat heterogeneity could be as important as abiotic disturbances such as fire or
wind (Wright et al. 2002), particularly in wetland- dominated landscapes and
during periods of high beaver population densities. In addition, beaver have a
clear influence on the vegetation structure and composition of riparian areas
(Wright et al. 2002). Questions about the spatial and temporal dynamics of beaver
activity in maintaining riparian habitats on the boreal landscape over time should
be addressed. An evaluation of the opportunity to integrate beaver disturbance
into the natural disturbance model is also necessary.

Finally, stand level considerations for approximating natural disturbance in
riparian areas are also important. For example, the retention of trees with existing
cavities and/or trees with the potential to develop them. Retention of trees and
snags has been suggested as a strategy to provide old growth characteristics for
riparian associated species such as eagles, osprey and cavity nesting ducks
(Hanowski et al. 2007; Macdonald et al. 2006).
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Research is needed to address whether the amount of displacement and the rate of
recovery of riparian systems subjected to anthropogenic disturbances are
comparable to that of riparian/wetland communities subjected to natural
disturbance processes. For example, research from other regions has shown that
invertebrate communities in lotic systems showed faster than expected recovery
post-fire due to the rapid recovery of riparian vegetation (Dwire and Kauffman
2003). However, it appears that no studies have examined the recovery of boreal
riparian systems following disturbance.

4.2 Making the most of our forest resources: 
can we be more strategic?

It is reasonable to expect that on any given landbase there is a finite capacity to
meet the expectations of all resource users and thus some trade-offs are necessary.
The question then arises-what are these trade-offs? Similar to upland areas,
riparian areas contain a broad range of values ranging from biodiversity to
economic and social values. It is unlikely that a single riparian area could address
or consist of all values at once. The forest ecosystem must be managed over large
spatial scales and long time frames in order to produce desired goods and services
in perpetuity. Forest planners should consider riparian habitats as an integral part
of the landbase and integrate these areas, along with the terrestrial aspects of the
forest system, into the strategic planning framework.

Success in achieving multiple objectives over time requires tactical planning and
spatially explicit accounting of forest composition including species, age and size
distributions of stands. Models for forest management planning have historically
been aspatial due to mapping or technological restrictions. In addition, riparian
areas are often netted down (excluded) from Annual Allowable Cut (AAC)
calculations due to no harvest buffer requirements and therefore also excluded
from the spatially explicit forest management planning models that do exist. These
calculations are also often based on limited hydrological data and poor digital
elevation models resulting in still greater inaccuracy. Furthermore, riparian and
wetland areas are often not inventoried or mapped at the level of detail of
merchantable stands, and may not be included in ecologically-based classifications
making wildlife habitat and other value assessments problematic. Finally,
succession pathways and management responses are also not readily available for
riparian areas, which further complicates the forecasting of future forest conditions
and predictions related to biodiversity conservation, especially for Species at Risk
or regionally important species. As a result of these limitations in many areas,
riparian buffers have not been strategically incorporated into a long term vision of
future forest condition. This exclusion could have both economic and ecological
costs over the long term and is a concern for some companies (Box 4).

Strategic planning and landscape design involve “strategic policies, goals and
objectives, which are translated into tactical activity schedules, which are then
rendered into specific operational actions on the ground” (Andison 2003) . This
approach tends to be driven by biodiversity concerns rather than timber harvest
scheduling problems –regardless of intent the strategic deployment of forest
management effort in space and time is undertaken. The process is facilitated by
Geographic Information Systems (GIS) and computer simulation technologies that
are now widely available and coincides with a greater emphasis on “coarse filter”
management of habitats rather than a single species (Andison 2003).
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Landscape approaches provide opportunities to incorporate multiple objectives
into an overall design strategy, including the location and design of riparian
buffers in order to meet specified management objectives. For instance, riparian
buffers and wetland areas along with designated Protected Areas, old forest
patches, and inoperable or other non-harvestable areas can be treated as `anchors’
in a landscape design to promote biodiversity (Huggard 2004). These anchors
become the building blocks of a biodiversity conservation matrix to provide a
range of habitat types and ages through time and space, enhance forest
connectivity, and link patches of high conservation value forests. Ecosystem
representation analyses should be undertaken on the current and projected future
forest condition to determine the ecosite type, abundance, distribution and seral
class/age for both terrestrial and wetland areas (Bunnell et al. 2003). Rare and
infrequent ecosites, and habitats for Species at Risk and species of special interest
that are located in riparian areas could be deferred from harvest while abundant
riparian ecosite types could be considered for management. A habitat matrix that
associates plant and animal species with particular ecosite types can then be used
as a decision support tool to decide which riparian areas could be considered for
management activities (LP Canada 2006).

Riparian buffers are often retained with a secondary objective to conserve old
forest areas or high conservation value forests (Lee and Barker 2005; McAfee and
Malouin 2005). However, forest modeling scenarios developed by Lee and Barker
(2005) indicate that under current forest management practices most old seral
stages shift from the operational land base to the riparian land base by 100-140
years into the model. Thus in the long term, species dependent on old forest but for
which riparian buffers may not represent suitable habitat (due to configuration or
proximity to a water body) could be in jeopardy. This example illustrates that the
retention of shoreline forest buffers cannot replace a strategy for maintaining old
forest areas on the landscape. Old forest strategies should be designed to ensure
both upland and lowland old forest areas are distributed across the landscape.

The amount of merchantable timber located in areas that require buffer strips is
another important factor to consider when developing riparian management
strategies. Forestry companies that participated in this study estimated
approximately 4 to 11 percent of merchantable timber on the landbase was
located in riparian areas that would require buffers. Models need to be developed
which evaluate whether alternative riparian management practices could provide
additional timber within areas scheduled for harvest rather than accessing
additional harvest blocks, which would reduce road densities and the amount of
landscape in a harvested state. The ability to conduct management activities in
riparian buffers could also increase the potential for larger core forest areas while
maintaining a suitable patch size distribution (Box 5). Alternative management
practices may enable more wood to be taken from a smaller area resulting in a
smaller overall footprint on the landscape. The question then becomes, if we are
to retain mature forest, where should it be retained in order to meet multiple
objectives and maintain a full suite of forest values? The retention of forests in
riparian areas may not always be the best strategy.
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A recent methodology developed to classify conservation lands in Canada’s forest
landscapes categorized riparian buffer zones as “Environmentally Significant
Areas”– ie. areas that permanently protect unique habitat features fundamental to
the survival for the species and/or populations (McAfee and Malouin 2005). While
this is a broad statement with many assumptions – it does highlight that riparian
zones and associated shoreline forest may represent a unique conservation
opportunity. This opportunity would also likely be strengthened by the strategic
placement of these unique habitat features (Box 5).

Finally, landscape variability to promote resilience in ecological communities
(Fischer et al. 2006) has been suggested by researchers as a risk management
strategy in the face of uncertainty. The reasoning is that maintaining the natural
range of variability on the landscape (i.e. maintaining patterns and processes) over
space and time should ensure the long term sustainability of landscapes. Some of
this variability could be enhanced by allowing harvest within some shoreline
forests. DeGraaf and Yamasaki (2000) suggest that riparian areas should be
actively managed to optimize wildlife habitat quality through time and that
actively managed buffers will provide more habitat for more species than
unmanaged riparian forests. The current paradigm for riparian management (i.e.
fixed buffer widths; often the same width on all systems of a certain type) appears
to be out of step with this approach.

5.0 Riparian Guidelines – building a
stronger framework for decision making

5.1 How are riparian areas considered in forest 
planning and operations?

Current riparian buffer guidelines are focused on stand-level decisions for
operating around water. While buffers will remain an important part of
maintaining the integrity of some aspects of aquatic resources, criteria for
establishing where buffers are needed and the appropriate widths should be based
on both site- and landscape level-objectives. 

One suggestion put forth in a variety of contexts is to develop riparian
management policies and guidelines that are based on the most recent applicable
science and strategically designed to meet a broader range of SFM objectives (e.g.
Castelle et al. 1994; Fischer et al. 2000; Barten 2001; Naiman et al. 2005; Sibley
and Gordon 2010). This approach is typically referred to as objective-based
(riparian) management and can be considered a type of ecosystem management.
Ecosystem management methods are used to help account for the full suite of
organisms and processes that characterize a system (Dale et al. 2000). 

Following this approach, management decisions would be made according to a
framework that considers and weighs options while providing a mechanism for
resolving issues around competing or conflicting values. These objectives can be
set at multiple levels of management (e.g. planning vs. operating) and at multiple
scales. While some objectives are necessarily addressed at a stand level or
operational scale (e.g. erodabilty, wind throw, and disease) others (e.g. natural
disturbance approximation, connectivity) must be incorporated into landscape-
level planning and then applied at an operational scale. 
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Box 5: Strategic and spatially explicit planning: 
a working example

The width of forested areas or buffer width has typically been studied as the
primary metric of importance to biological communities (Rodewald and Bakermans
2006) and therefore is usually the principle focus of management
recommendations. The choice of this metric is not unsubstantiated since edge
effects may be more pronounced in narrow or small forest stands and there is a
positive relationship between area and species diversity. There is some empirical
support for these ideas but the paradigm (buffer width) overlooks the importance of
the landscape matrix that contains the riparian areas (Rodewald and Bakermans
2006). However, the unusual configuration (relatively narrow linear network) and
bias to be near water bodies may not be exactly like interior old forest. There is an
opportunity to evaluate reallocating timber volumes that would normally be
retained in strips along a riparian zone in order to create larger patches of intact
forest on the landscape.

Birds can be used to illustrate how multiple objectives could be considered.
Authors have typically found that landscape level variables (e.g. woodland area,
amount of natural vegetation) are better predictors of bird communities (Groom
and Grubb 2002) and species richness (Saab 1999) than local level variables and
can influence how species use the landscape (Norton et al. 2000). For example, a
recent evaluation of shoreline buffer widths in Alberta (Terrestrial Riparian
Organisms, Lakes and Streams project- TROLS), found several bird species
considered to be habitat generalists or edge associated did not show a decrease in
abundance in response to variation in buffer widths (Hannon et al. 2002).
However, traditional buffers were deemed insufficient for maintaining interior
forest bird species and led to the recommendation that riparian buffer widths
should be a minimum of 200m (Hannon et al. 2002) to maintain these bird
communities. In addition, some bird species are typical of those found in early
successional habitats. Reallocating timber volumes in one part of the shoreline to
create larger patches in another is one way to meet habitat requirements for both
types of birds.

Photo: Courtesy of Tolko Manitoba Inc.
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Riparian management is not currently integrated into landscape design and
strategic planning approaches which have theoretically demonstrated strengths in
terms of reducing impacts on the landscape (e.g. aggregate harvest scenario). In
addition, catchment-level planning should apply a landscape design philosophy. If
all types of riparian areas are managed at a landscape scale then the variability of
these areas on the landscape should be reflected in the management guidelines
and how they are applied. Particular emphasis should be placed on planning for
learning through an active adaptive management approach.

5.2 Decision support systems for riparian management

A detailed conceptual framework for a riparian DSS has been developed in a SFM
Network synthesis document entitled Managing Riparian Forests: a decision
support system by Sibley and Gordon (2010). 

Clearly, a decision support system (DSS) rooted in scientific knowledge and the
principles of adaptive management capable of addressing multi-scale issues is
needed to manage riparian areas for a suite of SFM values. A riparian DSS should
encompass one or more factors such as the hydrological context (e.g. climate,
surficial geology, and topography), the ecological context (e.g. effects on habitat
supply, natural disturbance regimes, and functions of riparian areas) and socio-
economic factors (e.g. value of timber, recreational considerations, and traditional
uses). Following landscape level decisions to address objectives, suitable choices
based on operational constraints (equipment type, scheduling, silvicultural system)
and site-specific characteristics (soil type, slope) are made at the cutblock level
(i.e. in annual operating plans, detailed forest management plans) (Table 4). 

Devito et al. (2000) have proposed that buffer width decisions should:

• be flexible, 

• be tailored to local aquatic conditions, 

• consider the functional extent of the riparian zone, and 

• reflect the landscape context of water bodies. 

Results of hydrological research (e.g. the framework proposed by Devito et al.
2005(b), defining a hydrological response unit or catchment in northeastern Alberta)
could inform decisions about the suitability of different areas for alternative riparian
management practices based on both landscape-level characteristics (e.g.
hydrological connectivity, surficial geology) and site-level characteristics (e.g.
permeability, presence/absence of surface and subsurface flows). For example,
Devito et al. 2005(a) have demonstrated that some areas on the boreal plain have
little surface water flow significantly reducing the risk of sedimentation and erosion
effects on water quality in the absence of riparian buffers. 
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Table 4 Examples of landscape-level versus site-level considerations that could
be used to set priorities for the management of riparian areas.

Landscape Level Site Level

6.0 learning opportunities 

6.1 Dialogue for creating successful policy instruments,
overcoming operational challenges and creating public
understanding

Whenever possible managers and conservationists should integrate the results of
research into management actions and policies (DeYoe and Hollstedt 2004; Brand
and Karvonen 2007). Policy makers and land managers are accountable to the
general public and to stakeholder groups potentially making new untested policies
much more risky to implement (Stankey et al. 2006). Uncertain ecological, social
or economic outcomes must be avoided. Thus the process of developing new
policies and regulations can be very complex, particularly when balancing multiple
priorities, applying context specific results to a broader application or attempting to
account for uncertain outcomes of new policies (Fazey et al. 2006). Furthermore, in
many cases decisions must also be made in the absence of any research and must
be based on professional expertise, “educated guesses”, local knowledge or other
qualitative information (Fazey et al. 2006). Ideally types of information, qualitative
and quantitative, are available and function in a complementary fashion- but often
this is not the case. Several approaches to overcome these challenges have been
tested by participants in this case study while developing and applying riparian
guidelines including multi-stakeholder participation, interdisciplinary teams, expert
advisory groups or a combination of these. 

One example is the formation of interdisciplinary policy or guideline
development teams with key stakeholders at the table (e.g. Manitoba Forest
Practices Committee). A team is generally formed to achieve a collective and
consensus driven approach to a specific aspect of resource management.
Advantages of this approach are that operational challenges to new policies and
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guidelines can be identified early on, and economic and social concerns can be
addressed before a policy or guideline is adopted. While it has proven beneficial
to have an interdisciplinary team to build guidelines, the process may become
longer due to the complexity of interests represented in the negotiating arena and
the need to reach common ground. These may arise as a result of intra- and inter-
organizational barriers ranging from personal, cultural or technical sources of bias
or disagreement (DeYoe and Hollstedt 2004). In addition, the process can be
costly and it can be unclear whether the stakeholder should bear these costs
(Lynam et al. 2002).

The development of new policies is challenging, even within an organization, let
alone among multiple stakeholders, as it can be difficult to create and maintain an
environment where exchanges are constructive. One obstacle is that people can
be very defensive about changing the way they think (Argyris 1985). It may take a
long time or particularly significant events before major changes in understanding
occur as humans have strong judgmental biases (Hogarth 1987). To further
complicate matters, many people are typically weak at learning about dynamic
complex systems (Fazey et al. 2006). Team members in an interdisciplinary setting
must be willing to take different perspectives, re-evaluate their own and other’s
mental models and be open to changing them. This understandably represents a
significant challenge to even the most adventurous in the face of new information,
particularly where research may be in conflict with widely held views (Box 6).
Strategies for knowledge transfer and communication should be developed early
in the process, along with new policies or operating procedures. It is important to
recognize that a common knowledge base, or opportunities to develop one,
facilitates policy development by committee (Stankey et al. 2006).

Box 6: Experiential knowledge vs. Research-based evidence

Experiential knowledge and empirical or literature based models can be
conflicting. Both have limitations. Often human perception of habitat use can be
biased either for or against a particular resource. Likewise models developed from
context specific situations may not be widely applicable. One example of such a
conflict is illustrated by this example from Lee and Smyth (2003) describing the
importance of riparian areas to black bears:

“Unsworth et al. (1989) recommended that forested buffers along streams, roads,
and dense stands on north-facing slopes be retained for bear cover and bedding.
However, Clevenger et al. (2002) noted that habitat models developed for black
bears from expert opinion tended to overestimate the importance of riparian areas
relative to empirical or literature-based models. This trend reinforces the widely
held view on the importance of riparian areas to wildlife amongst professionals
but that the literature may not support the strength of this view.”

As research that questions the importance of buffers becomes more widely
available, perceptions of the functions of riparian areas are being challenged.
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Another policy development process that has been tested is the formation of a
science advisory committee to bring experts to the table to provide
recommendations to policy makers and forest managers (e.g. Saskatchewan, LP-
Swan River, Al-Pac). Whenever possible, the recommendations they bring are
rooted in empirical data. However, researchers are often called upon to provide
their expert opinion in the absence of context specific data and may have a
limited understanding of the regulatory or operational aspects of forest
management. Furthermore, it can be costly and complicated to coordinate and
gather researchers with academic commitments to discuss landscape management
challenges. So this approach is not always practical.

Given complexity and the need for immediate action, experiential knowledge
may be the best evidence available. Because experiential knowledge will always
play a significant role in decision making, enhancing the ability to learn from
experiences (including research) through work, educational and personal
experience is crucial (Fazey et al. 2006). A working environment that supports
these efforts through access to conferences, workshops and technology is
necessary for all resource managers in corporate or public service.

Policy instruments and policy implementation
Following the review and synthesis of current knowledge pertaining to a given
guideline, an adaptive management framework should be created to guide policy
changes, implementation and effectiveness monitoring (Lee 1993; Stankey et al.
2006, Rempel and Donnelly 2010). The framework should include:

1) field testing of new guidelines to identify operational
feasibility and help provide measurable parameters to
evaluate success and calibrate models, and 

2) where appropriate, spatial modeling of potential landscape
effects at various scales should occur to determine potential
outcomes prior to full implementation of guidelines. 

Often guidelines are implemented before they can be tested and fined tuned to
address operational and planning constraints (Weyerhaeuser SK. pers. com, 
LP- pers. com, MB-FPC pers. com.) which can be costly (see below).

Overcoming operational challenges
While variability is currently promoted by researchers, both in the context of
maintaining the natural range of variability on the landscape and as a risk
management strategy in the face of uncertainty, this poses many challenges in an
applied setting. First, deviating from a “one size fits all prescriptive approach”
could increase the complexity at planning and operational stages and could in
turn increase the cost of enforcement and compliance monitoring once
implemented (MB-FPC meeting notes; John Stadt pers. comm.). Second, the need
for new equipment, better mapping products and the increased risk associated
with operating in these areas may lead to a situation where the costs simply
outweigh the benefits-ecological or economical. Finally, provincial guidelines for
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desired future forest condition are lacking (J. Stadt pers. comm. SK Forest Service
pers. comm., MB Conservation, pers. comm.) adding to the uncertainty of
allowing more flexibility in guidelines. Defined landscape targets and a common
vision for future forest conditions would create a better climate for more flexible
approaches to riparian management.

Public Acceptance
From a government perspective, new approaches are also perceived to, and
occasionally do, carry a high risk especially in terms of political acceptability
(MB-FPC- meeting notes; J. Stadt, Pers. comm.; Weyerhaeuser, SK Government
pers. com). These concerns are not unsubstantiated. Riparian forests are widely
recognized for their social and recreational values (Rodewald and Bakermans
2006). Harvesting in these areas can generate concerns from the public ranging
from ecological to aesthetic and/or economic concerns (Hunt and Haider 2004).
Substantial effort and commitment is often required from government and/or
industry to inform and obtain feedback from communities and stakeholders about
the potential effects of alternate practices (Lewis and Sheppard 2006; LP
stakeholder committee Meeting 2002). For example, there was public outcry at
the application of new guidelines in a visually sensitive area on the Weyerhaeuser
SK Prince Albert FMA. As a result, there was substantial investment of time and
money to overcome these concerns through public education and the
development of a visual standard for these alternate forest management practices
(Weyerhaeuser SK pers. comm., Box 7). Landscape visualization or mapping
exercises have also been successfully used to inform communities and
stakeholders involved in forest management planning jurisdictions across Canada
(Lewis and Sheppard 2006).

The response of the public and stakeholders is not surprising. The principles of the
natural disturbance model are not common knowledge even though it is now
widely accepted or at least understood amongst academics and forest managers.
The general public is often not aware of the latest science or forest management
strategies that are promoted as the ‘best practice’ of the day, nor do they
necessarily agree with it once they become informed. For instance, interviews
regarding the aesthetics of riparian areas found that the public generally prefer the
aesthetics of channels without large woody debris (Gregory and Davis 1993).
However, knowledge that large woody debris is important to the health of riparian
systems might alter public perception to be more supportive of woody debris in
channels (Beckley et al. 2005). Similarly, the natural disturbance model has been
viewed by the public as controversial due to misunderstandings about the
frequency, characteristics and effects of larger disturbance patches (e.g. aggregate
harvest) described in forest management guidelines (Saskatchewan Forest Service
pers. comm. May 2010). Similar public perception issues may arise during
attempts to apply natural disturbance patterns to riparian areas. Without public
education a natural disturbance approach to riparian management will likely fuel
the fire of controversy.
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Box 7: Integrating ecological and social aspects of riparian 
management to address public concerns – 
Applying a visual standard

Extract from Visual Standard for Weyerhaeuser Prince Albert FMA Standards &
Guidelines (Weyerhaeuser Saskatchewan Ltd. 1999)

A riparian management plan is required before harvest blocks can be approved for
any visually sensitive lake identified. The 20-year plan will include the following:

1. A map showing the proposed harvest schedule for all blocks
adjacent to the shoreline of lakes for the next twenty years.
Blocks will be indicated on the map by year of harvest for the
first five years. Harvest planned for years 6 to 20 will be
identified on the map by five- year periods (6-10, 11-15, 16-20).

2. A minimum of twenty percent of the lakeshore will be
maintained in mature, old or very old forest for the entire 20-
year period. On lakes smaller than 1000 ha, plans will be
assessed on a case-by-case basis and may be approved with
less than 20% mature, old and very old forest provided the
distribution of ages is acceptable.

Guidelines for Visually Sensitive Lakes
1. Mature, old and very old forest should be representative of

species distribution around the lake.

2. Mature, old and very old forest should be well distributed around
the lake.

3. There should be a mixture of young and immature forest to
ensure diversity of ages around the lake.

4. Design green tree retention within the cutblock to enhance
screening and reduce the impact of harvesting on the visual
landscape.

5. Planning for visually sensitive riparian areas should take into
consideration the recreational and scenic value of these features.

6. Variable width buffers.

Application of variable retention harvest guidelines on a Visually Sensitive Lake in
North Western Saskatchewan. (Photographs courtesy of Weyerhaeuser SK).
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6.2 Research needs and information gaps

There was a pulse of interest in riparian issues by biologists in the mid 90s as
questions arose about appropriate buffer widths for shoreline forest. More recently,
there has been a lull in this area of research although a number of knowledge
gaps remain. Riparian science, particularly in the boreal forest, should continue to
grow as these systems are poorly understood. Some gaps are identified below:

• Ecological functions – 

• Historically research has been focused on land to water
flows. A holistic and integrated approach with increased
emphasis on research regarding flows from the water to
the land would better reflect a true land-water mosaic and
develop an understanding of terrestrial-aquatic linkages
(Turner and Carpenter pg 16 in Naiman et al. 2005).

• More research is needed regarding the role of riparian
areas in hydrologic processes. We do not have a great
understanding of hydrologic processes on the boreal
plain and whether the assumption of processes from
other areas hold true. Catchments are not clearly
identifiable everywhere as geomorphic regions produced
by continental glaciation may have no discernable
midsized catchments (Omernik and Bailey 1997). 

• More research regarding the ecological function of
riparian areas in the life history of many species is
necessary (Lee et al. 2004).

• Comparing successional trajectories of shoreline forests
under disturbance regimes (harvest, beaver, fire,
undisturbed) would add value to the discussion regarding
the value of disturbing these areas.

• Thresholds and cumulative effects – Research is needed to
increase our understanding of threshold responses, whether
irreversible changes may occur (Turner and Carpenter pg 16
in Naiman et al. 2005) and the cumulative effects of land use
practices at broad scales. 

• Range of natural variability – Research to support the
understanding that a variety of management practices
balanced with large undisturbed areas may be our best
strategy (Lindenmayer et al. 2000; Fisher et al. 2006; ).

• Spatially explicit landscape models – Goals such as
landscape connectivity, old forest areas, high conservation
value forests and core habitats could potentially be achieved
without compromising the ecological health of riparian and
aquatic areas. Modeling efforts could be used to identify
opportunities on the landscape.
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• Mapping and inventory – The processes that maintain
riparian areas often result in rapid vegetation changes at finer
scales than the inventory that is currently available in most
areas. Better hydrographic maps would assist with the
development of models and more accurate planning for these
areas. There are often discrepancies between what is planned
and what is actually retained post- harvest due to the level of
accuracy in stream and topographic maps (Lee and Barker
2005). Often the amount of timber retained on a cutblock is
greater than originally anticipated once harvest prescriptions
are implemented (LP- pers.com.). 

• Ecological classification is needed for all components of the
landbase including aquatic and terrestrial areas – the
availability of ecological attributes, and corresponding level
of detail for all forest ecosystems, will provide a common
language for planning activities, assist with assignment of
SFM values and development of management objectives.

• Long term evaluation post-treatment – Research on riparian
buffers is usually completed over a short time frame. Long
term evaluation of buffers (e.g. buffer persistence) and their
ecological role on the landscape over time (e.g. as refugia or
core habitat) is necessary.

7.0 General conclusions and key messages

We provide a series of suggestions and key messages regarding the management of
riparian areas and shoreline forests in Canada (Box 8). Some authors have
suggested that a paradigm shift might be in order to align the management of
riparian areas with broader landscape level objectives including habitat availability
and natural disturbance-based management approaches (Lee and Smyth 2003;
Macdonald et al. 2006; Rodewald and Bakermans 2006). The development of a
common understanding of the practices that represent movement toward
increasingly sustainable practices and the ability to resolve conflicts based on
different points of view will be critical to develop forward thinking riparian
management strategies.

However, there is a lack of adaptive management experiments to support policy
change. Thus a commitment to learning and adopting new knowledge quickly will
also be necessary so that managers can implement the best current knowledge as
it becomes available (Lindenmayer et al. 2000). This commitment will almost
certainly require strategies to spread risk. This includes the use of a variety of
harvest practices and management approaches for learning, including clear
objectives and measures of success (Lindenmayer et al. 2000). Interdisciplinary
teams should develop specific hypotheses about ecological functions of riparian
areas and test these through monitoring and evaluation (Naiman et al. 2005)
whenever possible. 
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The results of research, adaptive management experiments and extension activities
will promote a common understanding of what constitutes good forestry in the
boreal forest as well as promote improvements in “on the ground” forest
management and practices. By definition, many of the same issues facing uplands
and wetlands, lakes or streams also apply to riparian areas. Without a doubt the
use of riparian buffers alone cannot be a substitute for the development of
science-based, catchment-level management strategies and land use practices, but
should be a component of landscape-level planning. Riparian areas remain one of
the most poorly documented habitats on the boreal landscape and reflect the
interface between terrestrial and aquatic systems. They are a critical consideration
for any effort in integrated landscape management.
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Box 8: Key Messages

• Linking ecological definitions to management definitions in
riparian areas also increases guideline complexity.

• Guidelines are typically applied on the basis of waterbody
size rather than a hydrological or ecological classification
which reflects function.

• Flexible riparian guidelines are needed to address multiple,
sometimes competing, objectives at a stand level and to
address broader landscape scale planning considerations.
However, flexibility in one policy arena (riparian guidelines)
may require more specific targets in another (landscape level
considerations). Policies and guidelines that provide strategic
direction for future forest condition are needed.

• Enhanced hydrologic information, digital elevation maps and
ecological classifications would facilitate accurate planning
of buffer widths.

• The ecological functions of riparian areas used to develop
many guidelines are often based on functional relationships
from other regions. Further research to test assumptions and
effectiveness monitoring is needed, particularly for the boreal
plain.

• Although old forest retention strategies linked to riparian
areas provide habitat for species that require older forest
components, young riparian habitat is also required to
maintain biodiversity.

• Biodiversity conservation strategies should ensure patches of
upland old forest are distributed across the landscape in
addition to older lowland patches in riparian areas. Planning
and operational practices in riparian areas should be
designed to promote variability in terms of seral class and
vegetation communities.

• An adaptive management framework should be developed to
assess guideline effectiveness and refine practices as required
to meet management objectives.

• A growing body of research indicates it may not always be
necessary to buffer riparian areas and disturbance may be
beneficial in some cases.
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