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How do Alberta’s, Ontario’s and Quebec’s forest operation laws
respect ecological sustainable forest management 

criteria in the boreal forest?
by Laurence Bourgeois1, Daniel Kneeshaw2, Louis Imbeau3, Nicolas Bélanger4, Stephen Yamasaki5 and Suzanne Brais6

ABSTRACT
In order to receive forest certification and to respond to societal desires, many forest companies are attempting to demon-
strate that their forest activities are «sustainable». The main objective of this paper is to qualitatively evaluate the ways in
which forestry-related provincial regulations in the three provinces (Alberta, Ontario and Quebec) that contain most of
the Canadian boreal forest help forest companies achieve certification with respect to ecological criteria. In the process of
continually evolving towards sustainable forest management, we evaluate how these provincial regulations governing for-
est operations can be helpful in maintaining three criteria: biodiversity, the aquatic environment and soils. This study
shows that the regulations evaluated have varied in their approach and thus have different strengths that must be under-
lined: (1) Ontario’s approach is the strongest in terms of biodiversity, (2) Alberta and Ontario provide measures to aban-
don roads after harvesting, (3) Quebec provides the greatest specific measures for protecting waterways and aquatic
species, (4) Alberta shows the greatest consideration for maintaining the most soil properties and functions. Better links
between different regulations are necessary in all jurisdictions. The continual improvement of Canadian forest rules is
often slow and advances at a different pace depending on regulators but it should be supported in all provinces.
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RÉSUMÉ
Afin d’obtenir une certification forestière et de répondre aux besoins de la société, les compagnies doivent démontrer que
leurs activités forestières sont «durables». L’objectif principal de cet article est d’évaluer de quelles façons les normes
forestières provinciales des ministères des ressources naturelles aident les compagnies forestières à obtenir une
certification environnementale. Nous avons évalué de façon qualitative les lois encadrant les opérations forestières en forêt
boréale, la zone forestière dominante au Canada. Nous mettons l’emphase sur trois provinces (Alberta, Ontario et
Québec) qui couvrent la plus grande proportion de la zone boréale au pays. Dans une démarche d’amélioration continue,
nous évaluons comment ces normes peuvent aider à maintenir trois critères : la biodiversité, le milieu aquatique et les sols.
Cette étude montre que ces règlements présentent des différences dans leurs approches et des forces qui doivent être
soulignées : (1) l’approche de l’Ontario est la plus forte en termes de biodiversité, (2) l’Alberta et l’Ontario proposent des
mesures pour abandonner les routes suite aux activités de récolte, (3) le Québec offre les meilleures mesures spécifiques
pour un nombre de milieux humides et d’espèces aquatiques, (4) l’Alberta présente la meilleure réflexion sur le maintien
du plus grand nombre de propriétés et fonctions des sols. De meilleurs liens entre les différentes lois sont nécessaires bien
qu’il faille appuyer l’amélioration continue des règlements forestiers au Canada.
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Introduction
In order to respond to pressure from the public, environmen-
talists and global timber markets, the majority of Canadian
forestry companies have chosen forest certification (Forest
Stewardship Council (FSC), Canadian Standards Association
(CSA), Sustainable Forest Initiative (SFI)) as a means of
demonstrating that their forestry operations are “sustain-
able.” Despite different approaches, all certification programs
require that enterprises respect the laws of the jurisdiction in
which they operate. In many instances, provincial laws and
rules can also help in the achievement of forest certification.
Despite improvement in scientific knowledge and in forestry
practices that have occurred over past decades, there are still
shortcomings in our understanding of forest ecosystem
processes and response to forest management that must be
addressed. Thus, there is a need to evaluate the degree to which
existing rules help companies to achieve environmental certi-
fication, and to continually improve Sustainable Forest
Management (SFM). The following can therefore serve as an
approach to be used in other forest types and jurisdictions.

As a first step, we identified scientific concepts that should
be considered in order to ensure the maintenance of ecologi-
cal criteria related to biodiversity, the aquatic environment and
soils (Fig. 1). Our decision to evaluate a subset of SFM criteria
(biodiversity, aquatic environment and soils) identified by the
Canadian Council of Forestry Ministers (CCFM) (2003) is
based on the fact that forest companies already have expertise
with the other SFM criteria. In terms of ecological indicators,
forest companies have a good knowledge of forest productiv-
ity, and are therefore able to evaluate the productivity indica-
tors targeted by certification organisations. Furthermore, as
ecologists we have chosen to focus particularly on ecological
criteria. SFM requires the maintenance of societal needs, and
these may at times lead to a trade-off with ecological factors.
Although such an evaluation should be undertaken, it is
beyond the scope of this paper. Global cycles will also not be
evaluated. Despite the existence of local contributions to these
cycles, the subject is probably better treated on a scale larger
than that of a Forest Management Unit (FMU).

We evaluate regulations governing forestry operations in
the boreal forest, the dominant forest zone in Canada. We
focus on the three provinces (Alberta, Ontario and Quebec)
that cover the largest proportion of the boreal forest. The reg-
ulations evaluated are the Timber Harvest Planning and
Operating Ground Rules in Alberta, the Forest Operations and
Silviculture Manual in Ontario and the RNI (Règlement sur les
Normes d’Intervention or Rules for operating standards)7 in
Quebec. Although other provinces have a great dependency
on the forest sector; much of their wood comes from non-
boreal forests. Our qualitative evaluation, based on the
expertise of the authors, is presented in terms of requirements
that have been satisfied, practices that require improvements
and strategies that could be favoured to achieve SFM goals for
each criterion (Table 1) (see also Kneeshaw and Bourgeois
2003). Finally, a list of research priorities is identified for each
of the three criteria that are evaluated.

Choice and justification of the reference manuals for Alberta,
Ontario and Quebec
In each of the three jurisdictions being studied, we identified
with local experts a series of regulations governing forest
management operations. In some instances these may not be
the only regulations governing all facets of forest manage-
ment operations; it is crucial to make clear that our analysis,
except where otherwise detailed, is restricted to these primary
series of regulations.

Alberta
We evaluated the Timber Harvest Planning and Operating
Ground Rules (hereafter called “the Ground Rules”; Section 5
of the Forests Act and Section 100 (b) of the Timber
Management Regulation), which provide direction to timber
operators as well as to the government for planning, imple-
menting and monitoring timber operations on timber licence
and permit areas in Alberta (Alberta Environmental
Protection 1994). This document highlights important man-
agement principles, defines operating and planning objec-
tives, and presents standards and guidelines for timber har-
vest, road development, reclamation, reforestation and
integration of timber harvesting with other forest uses.

Ontario
Forest management in Ontario is regulated by the Crown
Forest Sustainability Act (CFSA), for which four manuals exist
that outline the rules and procedures for forest management
on Crown lands in Ontario. As the goal of this article is to
investigate how provincial regulations affect forestry opera-
tions, we evaluated only the rules and guidelines set out in the
Forest Operations and Silviculture Manual8 (OMNR 1995).
Although other regulations affecting forestry operations may
be found in the other manuals, they are beyond the scope of
the current study.

Quebec
In Quebec, the Ministry of Natural Resources and Wildlife
(MRNF) has developed a set of rules governing forest man-
agement activities referred to as the RNI (Règles sur les normes
d’intervention, Rules on standards of intervention) (MRN
2000b, 2002a). In our evaluation, we used the RNI regulations
in effect as of November 26, 2002 (MRN 2002b). This set of
rules is one of the key tools governing forest management
operations in Quebec and complements other and rules
developed by the MRNF (e.g., the Manuel d’aménagement
and the PGAF9) and other ministries.

Evaluation of the Three Criteria
Biodiversity
Guiding concept: a double filter approach
To achieve SFM, we cannot isolate natural environments to
protect them from anthropogenic disturbances; instead we
must “filter” interventions in order to maintain biodiversity.
Conservation biologists have proposed two approaches: the
coarse filter (a global approach for the protection of habitat,
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7legislated by article 171 of Quebec’s Forest Law

8required under Section 68 of the CFSA
9Plans Généraux d’Aménagement Forestier
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Fig. 1. Flowchart of ecological criteria and key indicators for maintaining biodiversity, the aquatic environment and soils (Kneeshaw et al. 2003).
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Table 1. Synthesis of satisfied requirements, challenges and strategies to be favoured to maintain biodiversity, aquatic environ-
ment and soils in Alberta (A), Ontario (O) and Quebec (Q) (Kneeshaw et al. 2003).

Biodiversity

Satisfied requirements Challenges and strategies to be favoured

Wildlife habitat and biodiversity
A: recognition of the importance of the planning phase in 
ensuring the maintenance of wildlife habitat
O: recognition that landscape level management at the coarse 
filter scale is necessary for maintaining biodiversity.

Herbicide and pesticide
Q: the only jurisdiction to ban herbicide and pesticide use.

Specific species
O: some rules (that could be considered fine filter measures) protect 
specific species (especially game species) but are addressed at highly 
visible species instead of those in greatest need of protection.
O: fall under the Federal Law governing endangered and threatened 
species.

Mature-overmature or old growth habitat
AO: some provisions for consideration of mature-overmature or 
old growth habitat. (For Ontario, see Old growth policy for Ontario’s 
crown forests and Old growth forest definitions for Ontario).

Access to forestry roads
AO: measures governing the destruction of access to some forestry 
roads to limit easy access.

Leaving snags on site
O: the guide for natural disturbance pattern treats by variable 
retention.

Genetic diversity

Links with other laws and guides

Aquatic Environment

Satisfied requirements Challenges and strategies to be favoured

Running waters
AOQ: many measures protect running waters, especially from road 
crossings

Chemical quality of water
AOQ: many measures have indirect but positive effects on the 
protection of the chemical quality of water

Q: greater consideration of biodiversity objectives in the planning 
phase.
Q: respect of coarse filter approach by developing a strategy to 
promote recovery of recently disturbed habitats.

AQ: should consider evaluating the link between the fine filter 
approach and the coarse filter approach as success of the dual-filter
strategy to ensure the preservation of the largest number of species.
AQ: necessity for greater consideration of the habitat needs of
threatened species to preserve viable populations over the long
term.

Q: legislation to protect old-growth habitat is currently lacking 
although some measures are under discussion and likely to be 
implemented in the next year or two.
AQ: Respect coarse filter approach by developing a strategy for 
the maintenance of old-growth forest.

Q: provisions to limit access to some forest areas need to be 
developed.

AQ: needs to be better supported by regulations. The effects of
salvage logging should be assessed and suitable measures provided 
to control this activity.
AQ: respect coarse filter approach by increasing retention of struc-
tural elements in harvested areas and developing a better strategy
for dispersal of harvest blocks in time and space.

AOQ: should better develop effective strategies based on seed zones 
and provenances to maintain genetic diversity. A coarse filter
approach that supports meta-populations will provide some meas-
ures to maintain genetic diversity.

AOQ: linkages should be made clear. A separate document could
be used to show these links if they cannot be inserted directly into 
existing regulations.

Q: need to consider watercourse size.
Q: The Quebec-Cree-agreement offers interesting guidelines that 
identify particular rivers as more than 5 m wide (Art. 3.12.2) or 
large lakes having a surface area of more than 5 km2.
A: identifies watercourse size.

AOQ: direct measures need to be developed.
AOQ: should better invest in approaches based on watersheds;
respecting effects on chemical factors see AOP and PGAF.
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Table 1. Synthesis of satisfied requirements, challenges and strategies to be favoured to maintain biodiversity, aquatic environ-
ment and soils in Alberta (A), Ontario (O) and Quebec (Q) (Kneeshaw et al. 2003) (continued).

Aquatic Environment

Satisfied requirements Challenges and strategies to be favoured

Aquatic biodiversity
O: some measures to protect aquatic life, primarily fish, by protecting 
their passage in streams as well as aspects of fish habitat

Watershed

Duration of effects of forest management

Soils

Satisfied requirements Challenges and strategies to be favoured

Erosion
AOQ: some legislation exists to minimise the effects of erosion,
especially respecting activities linked to road construction.

Landslides
A: The effects of land use activities on landslides are primarily a 
preoccupation in hillslope areas such as the foothills and Rockies.

Compaction of soils
Q: some measures treat soil compaction in wet environments.

Rutting

Waterlogging
Q: some conditions are considered in articles 16 and 89 of the RNI.

Preservation of carbon
Q: some measures treat carbon preservation.

Preservation of the nutrient capital of sites
Q: some measures are aimed at preserving the nutrient capital of
sites. The contamination of soils is treated indirectly by the Law on 
the quality of the environment.

Distribution of skid trails in a harvest block

Soil productivity
A: some measures directly treat soil productivity.

AQ: improvements are still needed. Comparison of the effects of
forestry cuts and natural disturbances permits evaluation of varia-
tions for a given type of ecosystem. Integration of biodiversity
aspects should be undertaken.

AOQ: needs more consideration.
AOQ: should limit cuts in a watershed to a proportion of the 
forested area.

AOQ: needs more consideration.
AOQ: better understanding and thus more study is required on the 
duration of the effects of forest management on the aquatic 
environment.

AOQ: improvements are still required because the treatment is 
often indirect and thus potentially incomplete.

AOQ: should provide better links between regulations and the 
guides of good practice that protect the various elements men-
tioned in this table as slopes, wetlands, shallow soils.

AOQ: there are no measures concerning rutting, just a follow-up.
Improvements are still required.

AOQ: measures have to be improved and be directly aimed at 
evaluating changes in soil carbon.

AOQ: the greatest challenge is in ensuring the preservation of the 
nutrient capital of sites. Some measures to preserve soil fertility on 
poor sites should be developed. Site degradation and compaction 
should be better considered.
AOQ: simulation models (e.g., SAFE, Forecyte, Forecast, Century)
could also help evaluate the effect of different harvesting scenarios
on different types of soils.

AOQ: must therefore constitute compromise between the area 
of a disturbance and its severity.

AOQ: the methods to assess and remedy potential problems 
require many refinements.



the preservation of ecological processes and, thus, the diver-
sity of an entire forested landscape) and the fine filter (a com-
bination of more specific measures applied to conserve
species or populations whose survival is not ensured follow-
ing the application of the coarse filter (Hunter et al. 1988).

The coarse filter approach suggests that we could maintain
a large proportion of species (including those that might not
appear to be threatened) and genes by ensuring the preserva-
tion of ecosystems and processes controlling forest dynamics
(Franklin 1993). For forest managers, this equals a combina-
tion of protected areas and ecosystem management of the
matrix. A management strategy seeking to ensure the mainte-
nance of old-growth forest habitat and coarse woody debris
would thus (conserve areas large enough to permit some
forests to attain the old-growth stage despite the occurrence
of large-scale disturbances (fires and insect outbreaks) and
plan to provide for key elements structuring this habitat out-
side protected areas.

The fine filter approach is theoretically designed to be
complementary to the coarse filter. The ecosystems, species
and genes to be protected using this approach are those that
pass through the coarse filter and that require special, supple-
mentary protection or a more refined approach to ensure
their survival. Threatened and endangered species require
that their specific needs be known in order to be protected
through specific measures. A strategy that aims at the preser-
vation of one type of ecosystem or some static examples of
ecosystems would be considered as a fine filter strategy. An
example is the protection of small areas of old-growth forest
under the Exceptional Forest Ecosystems (EFE) program of the
Quebec MRNF.

In order to apply the best possible double filter through
management strategies, it is necessary to consider three levels
of biodiversity: ecosystem diversity, species diversity and
diversity within each species (genetic diversity) (Fig. 1).

Satisfied requirements
All provinces are moving towards greater consideration of
biodiversity objectives in forest management planning. In
some cases (i.e., Quebec and Alberta) this will eventually
result in the coarse filter approach being considered outside of
the currently evaluated guidelines and regulations. One
important advantage to addressing biodiversity in the plan-
ning phase is that regional differences in habitat can be con-
sidered, making it easier to move away from the blanket
approach often inherent in prescriptive province-wide regu-
lations. Such an approach will also be more flexible and will
hopefully result in foresters responding more quickly to new
scientific knowledge.

Ontario’s regulations recognize that landscape level man-
agement at the coarse filter scale is needed in order to main-
tain biodiversity. It also recognises that a one-size fits all
approach using general prescriptive rules for the entire
province is not ideal for maintaining biodiversity. In this
sense, it is ahead of the two other provinces being compared.
However, such recognition is recent and success is therefore
difficult to evaluate. In Quebec, the regulatory approach
found in the RNI is not conducive to the flexibility required
for an effective coarse filter strategy. New directives in Quebec
would enable forest managers greater flexibility in managing
for biodiversity at multiple scales in long-term forest manage-
ment plans.

In terms of habitat needs of late-successional species and
minimizing fragmentation effects, Alberta and Ontario both
have provisions for retaining overmature or old-growth habi-
tats. There are also considerations for minimizing the effects
of roads on biodiversity in Alberta and Ontario, for example
by rendering unusable many tertiary roads following harvest-
ing. This will reduce human access and subsequent deleteri-
ous effects on biodiversity (i.e., through hunting, poaching,
vehicle traffic, fragmentation, cottage development, other
land use, etc). Indeed, roads have no natural analogue and
provide access to territories that have previously been rela-
tively inaccessible to most of the human population
(Bourgeois et al. 2006). An increase in road networks is cur-
rently still favoured in Quebec. This policy aims to promote
public use of the forest and thus may be a point for CCFM
Criterion 5 (benefits to society), although it has potential neg-
ative effects on biodiversity.

Among other differences, it is noteworthy that Quebec is
the only jurisdiction that has banned herbicide and pesticide
use. The long-term effects of such a strategy on biodiversity
remain to be evaluated, although this could be considered a
plus for smaller organisms and micro-organisms as well as for
public acceptance.

At the fine filter scale, there is a great recognition in
Alberta of the importance of the planning phase in ensuring
the maintenance of key wildlife habitats, i.e., those that may
not be addressed by the coarse filter approach.

Ontario’s approach is the strongest in terms of considering
and managing its forests for biodiversity. It offers the greatest
flexibility and consideration for maintaining species and their
habitats, through an effective integration of measures at both
coarse and fine filter scales. Habitat management guidelines
are provided not only for economically important game
species, but also for those in the greatest need of intervention,
such as forest raptors (OMNR 1984a), cavity-nesting birds
(OMNR 1984b), and even bats (OMNR 1984c). The RNI in
Quebec have not been developed with this goal and although
the regulations may be useful to protect some well-known
species, forest managers in Quebec should attempt to main-
tain biodiversity more broadly within the PGAF. Alberta can
probably be considered intermediate between Quebec and
Ontario in its approach.

Challenges
Scientific evidence exists to show that naturally disturbed
areas containing abundant quantities of dead trees can be
important habitat for several species of invertebrates, mam-
mals and birds (Hannah and Hoyt 2004, Nappi et al. 2004).
Consequently, coarse filter plans in all provinces should con-
sider the long-term provision of naturally disturbed habitats.
The effect of salvage logging on biodiversity needs be assessed
and suitable measures provided to control this activity.
Currently, the lack of consideration of the effects of salvage
logging must be addressed. Indeed, such policies should be
formulated before major natural disturbances occur, rather
than being designed as special emergency plans, such as those
being implemented in Quebec. These policies may have detri-
mental effects by removing large quantities of “biological
legacy” essential for taxa, which are poorly adapted to the
interactive effects of these two disturbances in rapid succes-
sion (fire followed by logging) (Lindenmayer et al. 2004).
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Currently, regulations exist in the evaluated provinces to
prohibit or limit the quantity of usable wood fibre left behind
on a site despite increasing experimentation with tree-reten-
tion practices in harvest blocks. It is hoped that the modifica-
tions to the measures to avoid wasteful practices will facilitate
techniques to specifically leave behind standing trees in
Ontario. Such modifications have not yet been adopted in
Quebec or in Alberta, where legislation also exists to control
leaving usable wood fibre behind in cut blocks. Such regula-
tions are clearly in opposition to strategies that attempt to
preserve minimal levels of key elements essential for species
relying on standing dead wood. In this case, provincial regu-
lations may even contradict the guiding principles behind
some forest certification schemes.

All provinces should evaluate the link between the fine fil-
ter approach and the coarse filter approach. Such a link is cru-
cial to the success of the dual-filter strategy. Currently, how-
ever, most of the species-specific measures we found address
the situation of highly visible species rather than those that
have passed through the coarse filter and which are in the
greatest need of protection. For example, Quebec has a num-
ber of regulations to protect specific wildlife species.
However, these species (such as moose) are usually of socio-
economic interest and not those needing specific protection
measures. In other words, few of the species mentioned in
Quebec’s RNI have passed through the coarse filter and are in
need of fine filter protection.

Genetic diversity will at least partially be maintained by a
coarse filter approach that helps to maintain meta-popula-
tions. Rules and guidelines that are being developed or that
have been developed based on seed zones and provenances
may be a useful tool in the development of a strategy for the
conservation of genetic diversity. Nevertheless, across the
country very little information is available to develop effective
strategies to maintain genetic diversity.

Strategies to be favoured
The double filter approach suggests that several elements
should be added (to varying degrees) to the current rules gov-
erning forestry operations in all jurisdictions: (1) the mainte-
nance of all ecosystems and successional levels, especially in
the case of old-growth forests and recently disturbed habitats,
(2) retention of structural elements in cut areas combined
with a better dispersal of cuts as inspired by natural distur-
bance patterns, and (3) a better consideration of the effects of
a permanent and widespread road network.

The use of alternative harvesting systems that leave behind
standing wood (either as groups of live trees or as individu-
als) needs to be better supported by regulations in order to
maintain suitable foraging and nesting sites for primary exca-
vators and other cavity-nesting birds (Imbeau and
Desrochers 2002) as well as to provide a continuous supply of
snags in various deterioration categories used by several
invertebrates, mammals, amphibians, and birds (McComb
and Lindenmayer 1999, Similä et al. 2003).

Aquatic environment
Guiding concepts: maintenance of abiotic and biotic factors
within natural variability
The impact of forestry operations on water quality is one of
the major preoccupations of government organizations regu-
lating forestry. Since potential effects are multiple, we have

divided them into two categories—abiotic and biotic. The
first category focuses on effects on both the physical environ-
ment (e.g., preservation of stream beds, protection against
sedimentation) and the chemical quality of water (e.g., DOC,
nutrients, heavy metals), whereas the second deals with
forestry effects on aquatic biodiversity (e.g., fish, amphibians,
primary producers) using the double filter approach.

Satisfied requirements
In general, management objectives (general as well as spe-
cific) and targeted rules offer a good starting point for pro-
tecting the abiotic aspects of water. In all provinces, many of
the measures designed to protect the aquatic environment
from physical disturbances to river beds and shorelines will
also have positive effects on the protection of water chemistry.
However, it should be noted that significant changes in water
chemical quality can occur without apparent physical distur-
bance. These effects are either not considered or only poorly
or superficially addressed.

From a biotic perspective, there are some measures to pro-
tect aquatic life, primarily fish, by protecting fish-ways in
streams and other aspects of fish habitat. Ontario’s approach
is the strongest in terms of aquatic biodiversity. Alberta and
Ontario provide measures to close roads after harvesting. The
thrust in Ontario again seems to be more towards the biotic
component, although measures are provided to minimize
sedimentation. Quebec provides the most specific measures
for protecting watercourses and aquatic species. Quebec also
provides specific measures for a number of wetland and
aquatic species. It should be noted that almost half of the
measures in the RNI (MRN 2002b) address the protection of
elements of the aquatic environment.

Challenges
The term “aquatic environment” is currently too vague. It
would be preferable to have more specific objectives depend-
ing on the type of watercourse or aquatic environment under
evaluation. Precision regarding type and size of watercourse
could be important, since the effects of harvesting are proba-
bly different for first order and fifth order streams as well as
for lakes. Alberta provides some potential for exploring this
by specifying watercourse size, while the Quebec–Cree
Agreement offers some guidelines such as for rivers more
than 5 m wide and for lakes larger than 5 km2. A current
problem in Quebec is that watercourse definitions differ
between ministries; thus defining objectives related to water-
course parameters will probably require much time and
effort. The simplest solution in the short term (and that used
in Quebec’s RNI) is to produce a guide to facilitate interpre-
tation of terminology.

In the same way, a greater effort should be invested in
approaches to manage forests by watershed, especially
respecting management effects on water chemistry.
Watersheds are addressed to some extent in large-scale and
long-term planning exercises such as PGAFs in Quebec and
Operating Plans in Alberta.

Finally, one of the areas that requires more understanding
in all provinces and thus more study is the duration of distur-
bance effects on aquatic environments (Plamondon 1993).
This is as true for the duration of effects following natural dis-
turbance as it is for timber harvesting operations.

Regarding the protection of aquatic biodiversity, improve-
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ments are still required. Our knowledge of requirements for
many groups of organisms is limited and more directed study
is required in order to ensure an effective use of the fine filter.

Strategies to be favoured
The usefulness of specific measures applied indiscriminately
over large areas should be reviewed (e.g., should residual
bands 20 m wide be left bordering all waterways with no con-
sideration of topography or size of the water body or water-
course?). A better understanding of the duration is also
needed. For example, a disturbance whose effects are miti-
gated in four or five years will be less important than another
of the same magnitude whose effects are permanent. The
duration of effects is also likely to depend on the type of
ecosystem considered. For example, a big lake with a long
hydraulic residence time could be affected for a longer time
period (but perhaps less intensely) than a small stream. The
notion of sustainability is difficult to integrate into the regu-
lated context of the RNI and the Ground Rules (although the
required input from specialists may help) and may be more
easily addressed by an approach by objectives (Ministère du
Conseil Exécutif du Québec 2001). Again, it should be
stressed that sets of regulations (other than those studied)
governing planning practices at larger scales may be useful in
achieving objectives (Alberta Environmental Protection 1994,
Ontario Ministry of Natural Resources 1995).

Spatial and temporal comparison of the effects of forest
harvesting on the aquatic environment with the effects of nat-
ural disturbances offers an interesting approach through
examining natural variations in a given type of ecosystem
(Kneeshaw et al. 2000a, b). Alternative strategies to manage
the entire forest so as to minimize impacts on water exist. For
example, Carignan et al. (2000) in central Quebec suggested
limiting harvested areas as a proportion of the total forested
area in a watershed. However, the applicability of this
approach to other regions still needs to be evaluated (i.e., clay-
belt regions where watersheds are extremely large and where
local effects need to be considered).

Aquatic ecosystems are complex systems and can be
affected in many ways, by direct effects as well as by indirect
ones. An integration of physical, chemical and biodiversity
aspects should thus be undertaken.

Soils
Many activities can affect the physical matrix of the soil. The
most important impacts of forest management are erosion,
compaction, rutting, and landslides as well as waterlogging.
Apart from altering soil physical structure, forestry opera-
tions influence nutrient cycling and storage and cycling of
carbon reserves. Furthermore, small amounts of heavy met-
als, acidic wastes, oils and petroleum hydrocarbons, and other
contaminants are released by machinery during normal
forestry operations.

Changes in soil structure and in carbon and nutrient
cycles have a large influence on conservation of the soil
resource as well as on the biota that depend on soil. Thus,
there is a need to consider the physical impacts of forestry
operations on the soil matrix. In terms of the chemical
aspects, we focus on the impacts on nutrient cycles, carbon
reserves and soil contamination.

Satisfied requirements
All three provinces provide legislation to minimize soil ero-
sion. This is especially true with respect to activities linked to
road construction. Direct effects of forestry operations (har-
vesting and site preparation) on erosion also need to be eval-
uated. The effects of land use activities on landslides are pri-
marily a preoccupation in steep hillslope areas such as the
Foothills and the Rockies (it is therefore considered in
Alberta). Some measures exist in the different provinces to
reduce compaction and protect soil structure (e.g., Brais
2001), although the degree to which they are enforced needs
to be assessed. The treatment of soil compaction appears to
be variable among provinces (e.g., only Quebec provides
measures to deal with soil compaction in poorly drained
environments and wetlands). Although rutting is a concern in
some areas, it is not always dealt with in provincial regula-
tions, but in some cases it is addressed in accompanying
guides (e.g., L’Écuyer and Jetté 1998). Modifications to water
table levels should be more directly and explicitly treated.
Measures also exist to protect or remediate sites in special
cases (i.e., sand or gravel pits). Some provinces (Quebec) have
measures that favour the preservation of soil carbon,
although they are not directly developed with the goal of eval-
uating changes in the carbon cycle.

Challenges
Greater consideration needs to be given to the potential effect
of forestry operations on soil contamination. Currently, this is
at least indirectly addressed through laws such as Quebec’s
Quality of the Environment Act (Ministère de l’Environne-
ment du Québec 2002).

Perhaps the greatest challenge is in ensuring preservation
of the nutrient capital of sites. Changes in forest management
operations in the 1960s (e.g., whole-tree harvesting) and
increased tree growth due to improved silviculture and use of
fast-growing tree species may favour increased nutrient
exports from the ecosystem until they could become limiting.
Increased air pollution, including an increase in precipitation
acidity and soil leaching, will exacerbate the export of base
cations (a problem for acidic soils). Methods of assessing and
remedying potential problems require much refinement. The
scale of these losses depends on the composition and the age
of the stands as well as the productivity of the soil (i.e., prob-
lems will be greatest on poor sites) and the type of harvesting
carried out (by stem or by whole tree). Although it should be
easy to quantify nutrient losses, the consequences for long-
term productivity are more difficult to predict. We note, how-
ever, that a tool exists for boreal forests (Paré et al. 2002) and
allows a first approximation (i.e., to identify the most sensi-
tive sites) for potential nutrient problems following different
types of harvesting. More research should be focused on this
subject (for example, how will successive and accelerated for-
est rotations affect long-term productivity?).

Finally, there is a strong need to better understand and
consider the temporal aspects of the physical degradation of
a site. On clay soils, for example, the largest effect of com-
paction is in the first two passages, but compaction can
increase with the number of passages on coarse textured soils.
Forest regulations should consider to a greater extent the
effects of harvesting on mesic soils. It is known that as soil
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compacts, the probability that ruts are produced increases.
Soils that are not frozen and that have high a moisture con-
tent are always susceptible to rutting no matter what the tex-
ture of the soil (Brais and Camiré 1998).

Strategies to be favoured
Better links between regulations and the guides to practice on
thin soils, on steep slopes and in wetlands (or other wet envi-
ronment types) should be developed (e.g., Ontario’s Code of
Practice for Timber Management Operations in Riparian
Areas) (OMNR 1998). Recently, tools and guides have been
developed that suggest which soils are most at risk from
nutrient depletion. These guides consider the dynamic nature
of cycles and forestry revolutions (MRNQ 1997, 2001; Jetté et
al. 1998; Schreiber et al. 1999; Molloy et al. 2001). Simulation
models (e.g., SAFE, Forecyte, Forecast, Century) could also
help in evaluating the effect of different scenarios on nutrient
dynamics in different types of soils.

From the point of view of protecting soil quality, it may be
preferable to distribute skidder paths across the entire harvest
block. However, the trade-off is that such a practice may
destroy too much of the advance regeneration. Links with
other indicators must therefore be apparent, with clear prior-
ities (Kneeshaw et al. 2000a). On fine-textured soils, com-
paction is harmful, and concentrating machinery traffic on
regularly spaced paths is justified. However, concentration of
such an activity must not create serious rutting.

Future Research Needs
Kneeshaw et al. (2000a) note that SFM is a continual process
of improvement and that two types of indicators are neces-
sary in order to achieve this goal, i.e., planning and monitor-
ing indicators. Planning indicators help orient operations
towards interventions that are believed to be “sustainable,”
while monitoring indicators serve to evaluate the extent to
which objectives have been achieved. These two groups of
indicators function together in a feedback system and thereby
facilitate continuous improvement. It should also be noted
that indicators may change with the development of new
knowledge, which will lead to adaptive management. In the
following section, we propose a number of research orienta-
tions that we consider necessary in order to approach SFM.

Biodiversity
A better understanding of all natural processes is a key for
developing effective ecosystem management strategies.
Despite some knowledge on the response of wildlife to
forestry operations, our understanding is often limited to
only a few studies focusing on relatively small areas over short
time periods. The scientific literature suggests that many
effects may not become apparent for many years or even gen-
erations (Tilman et al. 1994, Hanski 2000). This same litera-
ture shows that responses may not be linear, but that thresh-
olds may exist beyond which populations decline rapidly,
thus putting the long-term survival of species in peril. It is
therefore crucial that long-term studies be reproduced in dif-
ferent ecosystems in order to increase confidence in our
knowledge and predictive abilities. Simulation modelling will
be complementary to these empirical studies.

It is also important to determine the importance and role
of different habitats (e.g., old-growth forests) and the thresh-

olds above which their reduction would cause negative
effects. Research on conservation areas (effects of their con-
figuration, their size, as well as their placement in the land-
scape and their abundance) is necessary for an effective plan-
ning strategy for the maintenance of biodiversity and its
required habitat. The effectiveness of variable retention
strategies and partial cuts to maintain key elements of old
forests should also be documented. In this vein, more
research is needed on habitat requirements at different tem-
poral and spatial scales for species in peril.

We should also improve our understanding of aspects
affecting genetic diversity. In-situ and ex-situ conservation as
well as managing for meta-populations have not yet been suf-
ficiently studied. However, Joyce et al. (2001) have designed a
framework for identifying species / populations “of concern”
because of their susceptibility to genetic erosion and popula-
tion decline (in-situ) unless meta-population management
principles are applied.

Aquatic environment
There is a need to further develop our understanding of the
temporal duration of effects of tree removal on water runoff
in watersheds. Many studies are based on results from only a
few years (Carignan et al. 2000). It is thus important to collect
information over longer time periods and from different
regions (e.g., claybelt, and hilly or mountainous regions with
different parent materials) (Borman and Likens 1979).

Soils
More research is needed on the long-term changes in nutri-
ent reserves and fertility of poor sites, and on the effects of
harvesting on productivity and temporal responses of nutri-
ent cycles. We thus need to:
1) Better understand the long-term effects of harvesting

(including harvesting at different intensities and salvage
logging), of site preparation and of fire suppression on the
quality of soil organic matter, on organic layers (such as
organic matter accumulation or paludification) and on
mineral soil, as well as the linkages of these effects to tree
health and productivity;

2) Understand the impact of intensive forest management
(ligniculture) on the soil nutrient capital;

3) Evaluate the links between soil chemical composition and
water quality, and then apply this knowledge at different
spatio-temporal scales to make sustainable management
decisions with respect to forestry operations.
Finally, it is important to consider links with other criteria

and indicators such as long-term and large-scale biogeo-
chemical cycles (i.e., CCFM Criterion 4), forest regeneration
and stand dynamics (i.e., part of CCFM Criterion 2), and
socio-economic values associated with the forest (i.e., CCFM
Criteria 5 and 6). Some indicators may link together (i.e., be
complementary) and lead toward similar solutions, whereas
others may suggest opposite courses of action. Understanding
these interactions over large temporal and spatial scales will
be a key element to achieving SFM.

Foresters and researchers also need reference points in nat-
ural areas against which they can compare and evaluate the
success of forestry operations. It has been suggested that con-
ditions following natural disturbances could be used as the
basis of such a system of reference. This implies that condi-
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tions are dynamic and that we should compare the relation-
ship between the vegetation response after fire to a forestry
operation through time (Burton et al. 2003). Therefore, dif-
ferent species will be adapted to or associated with different
conditions found at different moments in time. A static
approach, such as the use of regulations, will not correspond
to the maintenance of dynamic conditions.

Multiple flexible standards should be developed to reflect
all of the ecological conditions found in each of the provinces.
Finally, it is imperative that effective monitoring programs be
put in place and that the state of these multiple forest
resources be reported in a clear and transparent manner.

Conclusion
Forest management is complex. However, recent decades have
seen an improvement in forest management linked to an
increase in scientific knowledge (Erdle 1998) (Table 1). The
RNI in Quebec, the Ground Rules in Alberta and the Forest
Operations and Silviculture Manual in Ontario are tools that
are complementary to other legal measures and regulations
that are useful in attaining many objectives of certification
programs and of sustainable forest management.

It should be remembered that the goal of the evaluated
regulations and manuals was not to ensure sustainable man-
agement of all resources in the forest, but rather to control
and limit certain potential problems. In Quebec, for example,
the identified problems are those that are effectively con-
trolled using a regulatory approach. However, an approach by
objectives could be a more effective means of meeting SFM
than a regulatory approach, as long as good indicators and
measurable results are clearly defined. Blanket approaches
that apply one rule across large territories risk leading to inef-
ficient strategies. Creating incentives for forest companies to
go beyond provincial rules (or guidelines) will be a plus for
sustainable forest management.
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