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FOREWORD
This document is an adapted and translated version of an original manuscript commissioned to the
Centre d’enseignement et de recherche en foresterie de Sainte-Foy inc. (CERFO) by the Northern
Hardwoods Research Institute (NHRI). It was edited by Gaëtan Pelletier and François Hébert for
context and additional material was provided for the commercial thinning section. In its current
format, it is part of a four volume series produced by the NHRI known as “A Silviculture Guide for
the Hardwood Forests of New Brunswick.

VOLUME I: HARDWOODS in NEW BRUNSWICK
1. Description and distribution
• NB Ecological Land Classification (ELC)
• Key stand types
• Distribution of stand types by crown license
2. Silvics of key species associated with hardwood forests in New Brunswick
VOLUME II: RESPONSE OF TOLERANT HARDWOOD STANDS TO PARTIAL CUT
HAVERSTING
VOLUME III: SILVICULTURAL SYSTEMS AND TREATMENTS FOR TOLERANT
HARDWOODS OF NEW BRUNSWICK
VOLUME IV: IMPLEMENTING OPERATIONAL SILVICULTURE
1. Understanding the resource
2. Importance of tree vigour, risk and form
3. Stratification and inventory
4. Silviculture regimes for key stand types in New Brunswick
5. Operational Implementation of treatments
6. Wildlife/diversity
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INTRODUCTION
The Northern Hardwoods Research Institute (NHRI) retained the services of CERFO to draft this
section on silvicultural systems and treatments. as part of the “A Silvicultural Guide for the
Hardwoods of New Brunswick”. The following is a translated and slightly edited version of the
original report.
Volume III of the Silvicultural Guide focuses on the three main high-forest systems: regular highforest system, characterized by a short period of regeneration; irregular high-forest system, with a
long period of regeneration; selection high-forest system, with a continuous period of regeneration
(Figure 1). We will first present
the regeneration methods for each
of the three high-forest systems
(Figure 2), followed by specific
sections on commercial thinning
and remidial cuts. Finally, a final
section summarizes silvicultural
diagnosis to issue prescriptions
based on a rigorous problemsolving approach.

Figure 1. Regular, Irregular and Selection High-Forest Systems
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Figure 2. Silvicultural Treatments by System
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1. PROCESSES OF REGENERATION IN A REGULAR HIGHFOREST SYSTEM (A.K.A. regular even-aged system)
Régime de la futaie régulière
This silvicultural system is characterized by an objective to regenerate the whole stand being treated
over a short period of time. It uses clear-cutting, which may be preceded by partial cuts to get
regeneration started, and produces stands consisting of only one age class.

This system is
characterized by the
presence of only one
tree cohort in each
stand.

The main objective of this system is to generate stands with a
regular structure, that is, composed of trees of much the same
diameter and height, issuing from the same severe disturbance
(windthrow, insect epidemics, fire). Thus this system is defined by
the presence of only one tree cohort in each stand. It means that
shade-intolerant or more tolerant species can grow, if they are
established in large numbers under a protective forest cover before
being released through harvesting.

In regular systems, a stand regenerates over a period less than one-fifth the length of rotation of
the main species, while in an irregular system the period of regeneration exceeds one-fifth of the
rotation.
This section presents the three main processes of natural regeneration in the regular system: clearcutting, the seed-tree cutting and the shelterwood system.
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1.1 CLEAR-CUTTING
Coupe à blanc ou totale

1.1.1 Definition
This process of regeneration regroups logging methods that include harvesting all or almost all
merchantable stems in a stand (90 to 100% of the merchantable volume). Three conditions are
essential for successfully installing natural regeneration:
 Presence of seeds;
 Availability of a suitable seedbed;
 Prevailing conditions favorable to the survival and development of seedlings.

It also includes all cuts to install artificial regeneration.
Two processes of regeneration by clear-cutting are considered:

Clear-Cutting and
final cutting are
distinguished by
whether or not desired
regeneration is
already established.

Clear-Cutting (coupe à blanc) is aimed solely at harvesting mature
trees. No special attention is paid to regeneration because the
intention is to either use artificial regeneration or trigger regeneration
after cutting is completed.
Final cutting or one-cut shelterwood system (coupe finale) is used
on stands with sufficient regeneration already established. Its purpose
is to harvest mature trees and protect regeneration. It corresponds to
the last stage of a shelterwood system, regardless of which scenario
led to establishing the regeneration and whether the reserve cutting
method was used previously or not.

1.1.2 General Conditions of Use
Clear-cutting methods are a viable option for stands that are mature and not very vigorous.
Seedlings must be already established or not need shelter under cover to establish themselves.
These methods are used if there is no objective of maintaining cover to protect wildlife or preserve
visual esthetics.
When the goal is to implement regeneration after cutting through seed dissemination from living
trees adjacent to the cutblock, it is important to adjust the size of the cutblock based on the
distance over which the seeds are disseminated and which varies between species. Seeds can
also be taken from the trees to be cut if they are harvested when the seeds are viable. However,
seedlings will need to survive full light, and compete with other vegetation.
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1.1.3 Spatial Patterns Variants of the Clear-Cutting Method
Patterns are chosen based on the necessity to maintain cover on part of the target area, whether to
maintain a seed supply, to limit the risks of a rising water table or of erosion, or to meet objectives
related to esthetics, wildlife or other considerations. The four main patterns are alternate and
progressive strip clear-cutting, block clear-cutting and its variant, patch clear-cutting. These
patterns are illustrated in Figure 3.
1.1.3.1. Alternate or Progressive Strip Clear-Cutting
In the alternate strip clear-cutting system (coupe à blanc par bandes alternes) every second strip
is clear-cut, while the progressive strip clear-cutting system (coupe par bandes progressives)
involves dividing a stand into several groups of strips (3-4) harvested at different times. In this
case, spreading the harvest over time is a way to limit the area that will not be seeded by a residual
strip. Depending on the width of the strips and the orientation and protective effect of the adjacent
trees, this pattern can favor regeneration of intermediate shade-tolerant species like yellow birch,
American elm and basswood and better control encroachment by competition. Table 1 provides
recommended strip widths by species.
Table 1. Recommended Strip Widths for Clear-Cutting, By Species and Type of Environment

Species / environment
Poplars
White birch
Yellow birch
Black cherry
Red pine
Dry sites

Strip Width (in meters or stem heights)
20 m minimum
15-50 m
15-30 m
1H
1H
1H

Source: From Lupien (2008)

1.1.3.2. Block or Patch Clear-Cutting
The block clear-cut system (coupe à blanc par bloc) is carried out in 1 to 2 hectare blocks. Areas
subject to block clear-cutting benefit from the proximity of adjacent seed-trees, without the
protective effect of perimeter trees found in strip clear-cutting. In this pattern, harvesting the
different blocks is planned over time, regulating wood flows over time.
In forests formed by the juxtaposition of small even-aged stands of various ages, where mature
portions are going to be harvested by clear-cutting, the patch clear-cut system (coupe à blanc sur
de petites aires) can be used. This consists of clear-cutting small areas of assorted shapes, each
measuring from less than 1 hectare to 5 hectares. This variant also provides the opportunity for
planting into a matrix of other species.
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Figure 3. Three Clear-Cutting Patterns (Alternate Strip, Progressive Strip and Block)
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1.1.4

Expected Outcomes and Monitoring

Final cuts and clear-cutting remove 90 to 100% of the
merchantable volume. In some cases, a small proportion of
trees is left standing for retention.
The goal of generating high-density post-clear-cutting
regeneration is a way to limit or even avoid reforestation
operations after cutting. To obtain high stocking and
anticipated yields, areas that did not regenerate as well or that
suffered damage during cutting may need fill planting.
These types of cutting are not expensive to carry out,
because whole-tree harvesting can be used, unless there are no
outlets for low-grade products (pulpwood). However, using
them may incur high subsequent costs, especially if
artificial regeneration is required for reforestation.
Adjustments to the composition of regenerated stands,
through stand tending treatments, may also be needed
where competing vegetation is aggressive. Competition may
either interfere with the desired composition by increasing the
proportion of intolerant hardwoods in a stand, lengthen
regeneration times or delay growth.

Mitigation Measures
Maintain structural
elements: To help preserve the
biological legacy. May include
conditions maintaining certain
structural elements scattered
throughout a clear-cut area,
like forested patches, live
trees, understory species, etc.,
(variable retention; rétention
variable).
(1)

(2) Winter operations: May

be a solution to protect soils
and regeneration.

A treatment’s effectiveness on regeneration (stocking, density, height, composition, vertical
structure) has to be monitored to insure its success.

1.1.5

Artificial Regeneration

Régéneration artificielle
When natural regeneration does not result in desired species being properly distributed after clearcutting, artificial regeneration becomes necessary. Note that artificial regeneration may also apply
to other systems (irregular high-forest system, for example) and treatments. For instance,
enrichment planting may occur in pockets or mini-strips and along tracks.
1.1.5.1. Three Artificial Regeneration Processes
Three processes of artificial regeneration are recognized:
-

Plantation (plantation): The new stand is composed mainly of trees established by seeding
(e.g.: red oak) or planting.

-

Fill planting (regarni): This consists of planting seedlings where natural or artificial
reforestation has not produced an adequate density (ex. skid trails).
6

-

Enrichment planting (enrichissement), which corresponds to increasing the percentage of
desired species or genotypes or biodiversity in a forest by interplanting. Thus enrichment
planting applies mostly to stands of natural origin.

1.1.5.2. General Conditions of Use
Special attention has to be paid to the choice of species, based on:
-

-

conditions in the physical environment (different species require different physical
environments and certain environments lead to better development and growth). Plantation is
less appropriate in xeric or hydric areas, where growth conditions are generally more difficult.
their light requirement and the light conditions available at the time of planting.

Spacing between plants must take into account production objectives (e.g.: avoid too wide spacings
that would encourage the formation of knots or juvenile wood if the production of sawtimber is the
goal). Closer spacing may reduce the incidence of competition by interfering plants.
To meet anticipated yields, the plantation scenario must include maintenance treatments like
release and thinning, monitoring of regeneration and any subsequent corrective measures, based on
a program adapted to local conditions. Certain species also benefit from crown-shaping treatments
such as pruning, especially if wood quality is an issue.
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1.1.6

Photos

Figure 4. Alternate Strip Clear-Cutting
(Source: Guy Lessard)

Figure 6. Block (Checkerboard) Clear-Cutting
(Source: Guy Lessard)

Figure 5. Block Clear-Cutting
(Source: Guy Lessard)

Figure 7. Retention in Clear-Cuts
(Source: MRN)

1.2 SEED-TREE METHOD
Coupe avec semenciers

1.2.1 Definition

A few well-distributed seedtrees, whether isolated or in
groups, will establish
regeneration when all the other
trees have been cut.

In this process, a few well-distributed seed-trees
establish regeneration when all the other trees have been
cut. This process is used to optimize the distribution of
seeds spread by the wind.

Spacing between seed-trees left on the cutover area varies based on the species and diameter
of the trees (Table 2). If seed-trees are dispersed, the quantity of seed-trees to be preserved is
determined by calculating the area that each tree can seed, adding a risk factor to cover any losses
of seed-trees and converting the resulting area into density of trees by hectare.
Seed-trees can either be harvested a few years after the original cut when regeneration is under way
or be left for longer (reserve cutting or reserve seed-tree; réserve de semenciers) to produce timber
of larger size. They can be harvested during the first thinnings of the regenerated stand or even
during final cutting.
Scarification may be executed after the seed-tree method to stimulate regeneration of certain
species like birches.
Table 2. Average Distance of Dissemination of Seeds by Species

Species
Trembling Aspen
White birch
Yellow birch
Red maple
White ash
American elm
Basswood

Distance of
dissemination
Several km
< 60
> 100
> 100
140
< 450
< 150

Source: Guide sylvicole du Québec
Note: The table does not take into account the diameter of the tree.

9

1.2.2 General Conditions of Use
Conditions for using the seed-tree methods are generally the same as for clear-cutting (mature
stands, low stability, seedlings already established or not needing protective cover). They apply
where there are no objectives of maintaining cover to protect wildlife or to maintain visual quality
at the landscape.
The main distinction between this treatment and the clear-cutting involves the possibility of
benefiting from seeding by seed-trees and the opportunity to optimize the distribution of seeds over
the cutover area. As is the case with clear-cutting, the seedlings will have to survive in an open
environment, in full sun, and compete against interfering vegetation.

1.2.3 Spatial Patterns Variants of the Seed-Tree Method
Three main patterns are suggested for the seed-tree method. They are differentiated by how seedtrees are distributed in the cutover area (dispersed or aggregated) and how long seed-trees are kept
in the cutover area (reserve of seed-trees). These patterns are illustrated in Figure 8.
1.2.3.1 Uniform Seed-Tree
Coupe avec semenciers dispersés ou uniforme
Seed-trees are spaced regularly over the cutover area. This variation maximizes dispersal of seeds
from a limited number of seed-trees. For example, for white birch, a density of 7 to 12 seed-trees
per hectare is recommended. A density of 20 yellow birch stems per hectare also ensures successful
regeneration. Seed-trees are chosen among the best specimens (vigor, quality, seed production) so
that they will transmit desirable characteristics to their descendants. It is important to choose stems
that are not prone to windthrow.
1.2.3.2 Group Seed-Tree
Coupe avec semenciers groupés ou par îlots
Seed-trees are distributed in 0.1 to 0.3-ha patches. This variation better protects trees from the wind
and reduces damage to seedlings during harvesting of the seed-trees. It is also possible to combine
groups of trees and isolated specimens. Patches of seed-trees can also be elements of retention,
filling various desirable ecological functions.
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1.2.3.3 Seed-tree with Reserve
Coupe avec réserve de semenciers
Seed-trees can be evenly distributed as individuals or in patches. They are called “reserves” if they
are left standing for a very long time in order to maintain habitats, esthetics, attributes of biodiversity
or other values. They may be harvested when the regenerated stand is thinned for the first time, in
order to increase profits, or even during the final cut.

11

Figure 8. Three Patterns for the Seed-Tree Method (Uniform, Grouped and Seed-Tree with Reserve)
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1.2.4 Expected Outcomes and Monitoring
The seed-tree method removes approximately 90% of the merchantable volume. Expected
outcomes closely resemble those of clear-cutting (refer to Section 1.1.4.). However, establishment
may be more successful with respect to distribution or to density of stems per hectare.
Table 3 synthesizes the respective advantages and disadvantages of the clear-cutting and seed-tree
systems.
Table 3. Advantages and Disadvantages of the Clear-Cutting and Seed-Tree Systems
ADVANTAGES
SEED TREE
CLEAR-CUTTING
SYSTEMS
* Simple process.
* Harvesting operations concentrated over a
relatively short period.
* Operations
concentrated
geographically,
reducing operating
costs.
* No losses by
leaving residual trees.

* The low numbers
of seed-trees do not
hinder site
preparation.
* Better control over
the distribution of
regeneration and seed
quality.
* May be used in a
wide range of block
size because there are
no constraints on the
source of seeds.

DISADVANTAGES
CLEAR-CUTTING AND SEED-TREE SYSTEMS

* Usually produce high % of pulpwood.
* Process bares the soil abruptly and increases
risks of erosion, run-off, degrading the physical
properties of the soil (especially fine texture),
encroachment by pioneer species.
* Poor esthetics.
* Increased fire risk
(where heavy slash load).
SEED-TREE SYSTEMS ONLY

* Process limited to species that produce
abundance wind-borne seeds and where
seedlings can sustain exposure.
* Risk of windfall before seeding.
* Possible loss of wood (seed-trees not
harvested).
* Possible damage to regeneration when
seed-trees are harvested.
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1.2.5 Photos

Figure 9. Uniform Seed-Tree System (Yellow Birch)
(Source: Guy Lessard)

Figure 10. Isolated Seed-Tree System in a Stand of Yellow Birch to Degraded Fir. Regeneration to Yellow Birch
17 Years Later.
(Source: Guy Lessard)
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1.3 REGULAR SHELTERWOOD SYSTEM
Coupe progressive régulière

1.3.1 Definition

Several partial cuts
progressively open up
the stand to
encourage the
establishment of
regeneration to
survive under
protective cover.

The shelterwood system of regeneration consists of several
successive partial cuts that progressively open up the stand to
encourage the establishment and the survival of the regeneration
under a protective cover of seed-trees.
This process usually consists of three stages: preparatory cut,
seed-establishment cut and final cut (Figure 11). In a regular
system, the period of regeneration between the seed-establishment
cut and final cutting does not exceed 20% (1/5) of the rotation.

-

Preparatory cut, which may resemble to a thinning from below, is used when cover is dense.
The objective of this cut is to release the crowns, stimulate seed production, and reduce
subsequent risks of windthrow. Depending on the density of the cover, the preparatory cut is
not always required.

-

Seed-establishment cut, creates light conditions
favorable to germination and establishment of
seedlings. It is implemented by maintaining the best
seed-trees of desired species in the protective cover.
An optional secondary cut can be done to compensate
for inadequate establishment of regeneration or to
progressively increase light available to regeneration.

-

Preparatory Cut

Final cut, to release and protect regeneration and
soils.
Seed-establishment cut

Final Cut
Figure 11. Stages of the Shelterwood System
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The goal of this process is to create light conditions at the ground level that promote the
establishment of regeneration by:
-

Promoting light penetration that will increase soil temperature and encourage seed
germination and seedling growth;
Preserve a protective cover that will reduce temperature extremes that can damage or kill
young seedlings;
Limit competition from shade-intolerant species by maintaining partial cover in early stages
of development.

1.3.2 General Conditions of Use
Candidate stands for the shelterwood system possess the following characteristics:
-

Insufficient regeneration of desired species established;
Regular structure composed of trees at mature stage of relatively similar diameter and height;
Production of shade tolerant or intermediate shade-tolerant species requiring a protective cover
for seedling establishment and survival;
Sufficient number of seed-trees;
The range of acceptable crown cover before treatment to provide protection may be assessed
using basal area in density management diagrams (A or B densities; 50 to 60% residual density
cover).

This method of regeneration may also be appropriate in the following situations:
-

High risk of encroachment by interfering plants;
Risk of rising water table;
Risk of erosion associated with thin soils and steep slopes, or seedlings water stress associated
with thin or rocky soils (protective role).

The success of regeneration depends on:
-

The seed-establishment cut in-sync with a good seed crop year;
Presence of disturbed soil (mixing of humus with mineral soil) created either by forest
operations (skidding) or by purposely scarifying the site.

Hardwoods that regenerate successfully with the shelterwood system are: yellow birch and red
oak, This type of system is experimental for white ash, sugar maple, and black cherry.
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1.3.3 Spatial Pattern Variants of Shelterwood Method
There are a number of patterns for the shelterwood method. The spatial distribution of trees and
structures must be considered prior to harvest. Uniform cover usually calls for uniform or strip1
shelterwood, while group shelterwood will be more appropriate if the existing cover distribution is
variable. If the desired regeneration is already abundant and adequate, the one-pass shelterwood is
an option. Finally, nurse-tree shelterwood, where the regeneration of another species serves as
protective cover, can be effective in some situations.. Figure 12 illustrates several suggested
patterns.
1.3.3.1. Uniform Shelterwood
Coupe progressive en plein
This pattern is used when cover is continuous and uniform. Crown cover is opened progressively
throughout the stand to create a mosaic of small gaps. The openings in the canopy vary depending
on the level of tolerance of the species to be regenerated, the risk of windthrow, site quality and the
aggressiveness of the competition.
1.3.3.2. Group Shelterwood, Expanding-Gap Regular Shelterwood
Coupe progressive par trouées agrandies
This pattern is used when the stand is made up of patches, groups or clumps (frequent in mixed and
heterogeneous stands). This method produces small gaps or enlarges preexisting ones. During
subsequent entries, they are gradually expanded. As a rule of thumb, the initial size of a gap should
be about 0.75 H (tolerant species) or 1-2 H (intermediate shade-tolerant species), where H =
average height of the dominant story as larger patches will encourage competition. This pattern
requires a carefully planned network of trails to extract timber in successive cuts around the
periphery of the gaps without damaging established regeneration. As with other high-forest
systems, the whole process takes less than 1/5 of the rotation.
1.3.3.3. Strip Shelterwood
Coupe progressive par bandes
This uniform shelterwood pattern consists of narrow
logging strips and by shifting the partial cut strips for one
strip to the other. A strip width of about ½ H is
recommended for yellow birch if mechanized methods
are used. In some cases, strip orientation has to

Certain techniques can also reduce
the esthetic impact of this
regeneration process: curved block
boundaries, strips diagonal to the
road, angled strips, offsets etc.

1 Normally

used for stands that have poor vigour. Whole-tree harvesting systems can incorporate built-in
scarification by skidders.
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be taken into account to improve regeneration success.
1.3.3.4. One-cut Shelterwood, Natural Shelterwood
Coupe progressive à une passe or coupe progressive naturelle
When natural regeneration is established, a single final cut is needed. This is called the one-cut
shelterwood system. If regeneration consists mainly of seedlings, the cut is called CLAAG:
Careful Logging Around Advanced Growth (CPRS: coupe avec protection de la régénération
et des sols). When regeneration is mostly made up of saplings, the treatment is called HARP: High
Advanced Regeneration Protection (CPHRS: coupe avec protection de la haute régénération et
des sols.)
1.3.3.5. Nurse-Tree Shelterwood
Coupe progressive d’abris
The nurse-tree shelterwood system is a variation on the full shelterwood system used where the
composition of the regenerating cohort differs from that of the protective cover (e.g.: poplars or
jack pine in the dominant cover and spruce in the understory).
Two situations exist:
-

Desired regeneration is naturally present.
Desired regeneration is introduced artificially

Usually, only one final cut is made when desired regeneration doesn’t need more protective cover
(variation of natural shelterwood). In certain cases, before final cutting, a secondary cut may be
needed to add light for regeneration while still maintaining a form of shelter.
To be successful, this variation requires the proper understanding of the mechanisms of natural
succession and the ecology of the species present.
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Figure 12. Three Shelterwood Patterns (Uniform, Expanding-Gap and Strip)
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1.3.4

Specific Conditions

The choice of which stems to keep during preparatory and seed-establishment cutting favors
seed-trees and stems that will form protective cover. Retained stems must be wind-firm, well
formed, of high quality, vigorous and with a well-developed crown. Table 4 presents the percentage
of cover targets in residual stand by species. Openings must be limited on rich sites likely to develop
competition .
Table 4. Percentage of Residual Cover after Preparatory Seedling Establishment Cuts.

Residual cover after
preparatory cut
Yellow birch
50-70
Red oak
50-70
Sugar maple
60-80
White ash
50-80
Black cherry
40-60
Source: From Lupien (2008)
Species

The time interval between the seed-establishment cut
and final cutting, which is less than 1/5 of the rotation, is
determined so as to:
-

-

Final cutting is performed when the
height, density and distribution of
regeneration are adequate. As a
rule, waiting till seedlings are at
least 1 m tall is recommended for
red oak, at least 0.6 m f o r yellow
birch and sugar maple.

Ensure that risks of seedling mortality due to crown
cover opening (causing wider temperature extremes,
risks of heat damage to seedlings, apparition of shadeintolerant plant competition, etc.) have become low;
Rapidly expose young seedlings to full light to stimulate their growth;
Limit damages to seedlings during final cutting by the machinery itself.

The final cutting should protect young seedlings. For example, by spacing trails far apart, using
directional felling, using a cut-to-length system, etc. However, beyond a certain threshold of
standing volume, it becomes difficult to protect regeneration due to the lower number of crowns.
One alternative is to consider final cutting in winter so that the snow cover protects young seedlings
from the machinery.
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Species can also be introduced artificially during the regeneration phase, particularly when
seed-trees are rare or absent (enrichment). This is done by artificial seeding or planting under partial
cover (example: red oak).

1.3.5

Expected Outcomes and Monitoring

The height of regeneration during final cutting is important to avoid delays in regeneration
associated with encroachment by competing vegetation. On average, the regeneration layer is
considered to be five years old after final cutting.
A treatment’s effectiveness on regeneration (density, height, composition, vertical structure)
must be monitored to ensure its success. In case of failure, a “secondary” cut may be performed
before final cutting.
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1.3.6

Photos

Photo Source: CERFO

a)

b)

Figure 13. a) Seed-Establishment Cut in Uniform Shelterwood and b) Establishment of a
Plot of Yellow Birch Seedlings a Few Years after Use of the Seed-Establishment Cut

Figure 14. Seed-Establishment Cut in Red Oak Uniform
Shelterwood

Figure 15. Seed-Establishment Cut in White Pine Uniform Shelterwood
Figure 16. Successful Establishment of Regeneration at
the Time of Final Cutting

2. PROCESSES OF REGENERATION IN AN IRREGULAR HIGHFOREST SYSTEM
Irregular high-forest system, Two-storied system

Presence of at least two
tree cohorts of different
ages in one stand.

The irregular high-forest system is characterized by a desire to
regenerate the entire treated stand over a long period that is not
continuous over time. It uses partial cuts of varying extents,
allowing several vertical or horizontal stories of different age
classes to be maintained: so forest cover is permanent but not
necessarily dominated by mature trees throughout.

The irregular high-forest system is between the regular high-forest system and the selection highforest system. In the irregular system, a stand regenerates over a period exceeding one-fifth the
rotation of the main species. This means that the period of regeneration is longer than in a regular
system. On the other hand, regeneration is not continuous over time in the whole area, as is the
case in the selection high-forest system. In other words, the objective is not the creation of an
uniform stand in order to obtain a balanced structure in each area or based on a reference curve.
The main goal is rather to obtain a diversity of age classes, diameters or heights.

Generate stands with an
irregular structure,
preferably through
natural seeding.

The main objective of this system is to generate stands with an
irregular structure, preferably through natural seeding. This
system is characterized therefore by the simultaneous presence
of at least two cohorts of trees of different ages within the same
stand. Because a wide spectrum of light conditions is created,
this system allows species with different tolerances to shade and
longevity to be grown together.

The fact of not trying to maintain permanent cover that includes all diameter classes implies that
there is no target established to obtain a sustained yield per hectare as is the case in a selection
high-forest system. With the irregular system, a sustained yield is obtained rather by considering
all the even-aged and irregular strata in a given area.
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2.1 IRREGULAR SHELTERWOOD SYSTEM
Coupes progressives irrégulières

2.1.1 Definition

Several partial cuts in
succession to establish
regeneration over a
longer period than with
the regular shelterwood
system (>1/5 of the
rotation) and maintain
protective cover.

The irregular shelterwood method is a process of regeneration
consisting of successive partial cuts used to establish
regeneration while maintaining protective cover, spread over a
period exceeding 1/5 of the rotation of the stand. In France, this
process is known as slow-regeneration shelterwood as opposed
to rapid-regeneration shelterwood in a regular high-forest
system.
This process of regeneration is divided into basically the same
stages as the regular shelterwood system: (1) seed-establishment
cut, (2) one or more secondary cuts and (3) final cutting.

Irregular shelterwood
method has many
advantages because it is
flexible.

This process of regeneration has many advantages due to its
flexibility. It creates favorable conditions for seedling
establishment and survival while allowing for educate residual
stems and harvesting mature trees of poor quality. It is also a
way to extend harvesting long-lived species within a mix of
species with varying longevities.
This process produces larger diameter stems and spreads revenues over a longer period, as well as
meeting ecological, esthetic, wildlife or social considerations, but it requires thorough knowledge
of species ecology and an optimization of harvesting operations.

2.1.2 General Conditions of Use
Target stands for irregular shelterwood method have the following characteristics:
-

-

Production of tolerant or intermediate shade-tolerant
species, needing a protective cover for seedlings for
establishment and survival (yellow birch, red oak);
Insufficient established regeneration of desired species
or openings in the cover;
Irregular stand structure, often two-story or with
different age groups (distributed in patches), or a regular
structure that we want to make irregular;

Structure of stands:
Generally, target stands are of
the following types based on the
triangle of structures: small
wood-medium wood,
or medium
wood–large wood.
Other structures may possibly
be converted in this way.
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-

Stands composed of species with different longevities, some of which we want to keep
standing for a good period of time.

This non-homogenous method is especially suited to mixed stands composed of species with
different longevities and it adapts to different conditions encountered in the field, making it a
system associated with silvicultural practices that are close to nature. A proportion of large trees
can be maintained to preserve a well-developed vertical structure and produce veterans. Harvesting
can easily be adapted to create variability in the horizontal structure. Remember that this structural
variability, horizontal as well as vertical, creates a diversity of microhabitats favoring biodiversity.
This system reproduces conditions found in forest stands that suffer episodes of partial mortality
following periods of insect infestations (e.g.: spruce budworm), allowing new cohorts to develop
and creating layered multi-age stands.

2.1.3 Two European Patterns as Inspiration for the Design in this Guide
The irregular shelterwood method was invented in Europe at the turn of the century under the name
Femelschlag. At the time two main patterns were used: Bavarian and Swiss. The Swiss pattern
corresponds to uniform shelterwood (Figure 17). The second or Bavarian pattern is based on the
expanding-gap approach (Figure 18), forming a matrix of groups.

Figure 17. Swiss Pattern of Irregular Shelterwood (Uniform)
(Source: Seymour, 2012)
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Figure 18. Bavarian Pattern of Irregular Shelterwood (Expanding-Gap)
(Source: Smith, 1986)

2.1.4 Spatial Pattern Variants of Irregular Shelterwood Method
There are a number of irregular shelterwood patterns. They are illustrated in Figures 20 to 22. The
appropriate cutting pattern depends on horizontal structure, density, stem vigor and type of crown
structure in the stand. The uniform irregular shelterwood method is derived from a Swiss model,
while the expanding-gap, strip, group and continuous cover methods are more or less inspired by
a Bavarian model (management by group of trees).
2.1.4.1. Uniform Irregular Shelterwood
Coupe progressive irrégulière en plein (uniforme)
This pattern is used when cover is uniform. Cover is opened progressively throughout the whole
stand, targeting uniform distribution of residual stems and avoiding creating gaps that are too large.
The degree of cover opening varies according to the tolerance of the species involved to an increase
in light and temperature and the aggressiveness of the competition. It is the only pattern based on
the original Swiss Femelschlag model.
2.1.4.2. Expanding-Gap Irregular Shelterwood
Coupe progressive irrégulière par trouées agrandies
The initial cut creates or opens up small natural gaps in the residual stand. The gaps are enlarged
progressively by partial cuts along the edges until the initial stand is completely harvested. The
scenario may call for enlarging the gaps at regular intervals throughout the whole rotation or only
during part of the rotation, followed by a period of growth. Regeneration is started, or released if
already under way, in gaps where the size is adjusted to create favorable
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conditions for the desired species. Young portions are trained and clumps of poles should be cleared
out as needed to promote desired species in the cover.
This pattern is used when the structure is in the form of patches, groups or clumps (frequent in
mixed stands) or when this type of horizontal structure is desired. This pattern is derived directly
from the Bavarian Femelschlag model.
Expanding-gap shelterwood requires a carefully planned network of trails so that wood can be
removed progressively from the edges of the gaps without damaging established regeneration.
2.1.4.3. Strip Irregular Shelterwood
Coupe progressive irrégulière par lisières
This uniform pattern is used on narrow strips. The stages of partial cuts are offset from one strip to
the next. The recommended strip width is about ½ H for yellow birch (H = average height of the
dominant stage) for mechanized operations. Partial cuts are usually done on each side of the strips.
This pattern was designed to minimize the risk of windfall.
2.1.4.4. Group Irregular Shelterwood
Coupe progressive irrégulière par
micro-peuplements
This pattern adapts to variations in stages of
development often encountered in an irregular
stand, optimizing production. Its use depends on
recognizing groups of trees that require different
methods. Three examples are shown (Figure 19):
(1) Improved growth of crop trees: if there
are pole stands or young high-forests,
cover is partially harvested to maintain
optimal growing space for enough crop
trees (about 60-70% of the cover, based on
the species present).

Figure 19. Three Sample Types of Group
Shelterwood
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(2) Release of the established regeneration: in presence of patches of established
regeneration (saplings), dominant cover is suppressed locally (forming a gap) to bring in
enough light to stimulate regeneration growth.
(3) Regeneration establishment: if a mature high-forest is ready for harvest but
regeneration is deficient, partial harvesting takes place, maintaining enough residual cover
in areas that need to regenerate for successful establishment. Generally, 50-60% of the
residual cover brings enough light to ground level to allow for regeneration of desired
intermediate shade-tolerant and tolerant species, while preserving protective cover that
limits encroachment by competition. Uniform distribution of residual seed-trees and
spacing between them that allows their crowns to spread out are also essential.
Final cutting, which can be accompanied by retention measures (e.g.: trees for wildlife, legacy
trees), is generally used about halfway through a rotation and varies depending on the stages of
development present.
Trees with the characteristics described above may be present in groups of very different sizes.
Occasionally, one type of group may cover a large area or constitute a clear majority, and so only
one intervention is applied to the whole sector.
Multitreatment, Mechanized Variation on Group ISM
Multitreatment is a mechanized group harvesting method developed by FPInnovations that can
be used in an irregular high-forest system, particularly in degraded stands. A stand is considered
as a set of homogenous groups, each of which is the subject of specific instructions based on its
characteristics. Interventions focus on harvesting and the upper cover is usually removed in two
entries, each combining clear-cutting a trail, a partial cut along the edges and portions that are
not harvested.
In areas subject to a partial cut, the typology of the groups involved is adapted to the stand being
treated. For example, regenerated sections may be harvested completely, open non-regenerated
areas may have the scarified and closed portions may undergo partial harvesting and any needed
site preparation. Partial removal usually involves harvesting a third of the stems according to
simple rules (e.g.: for each group of three stems, harvest the largest, or the ugliest). The last cut
corresponds to a final cut and occurs a few years later, when the sections that regenerated under
cover are tall enough.
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2.1.4.5. Continuous Cover Irregular Shelterwood
Coupe progressive irrégulière à couvert permanent
This pattern differs from the others because it maintains a minimum 40% cover. Harvesting
pattern, frequency and intensity are not necessarily systematic, but rather guided by species
autecology, site fertility, tending required for the regeneration and the stand’s characteristics. The
preferred way of creating gaps is by removal of dying or defective trees. They can also be designed
in order to release groups of saplings or regeneration pockets. As well, young quality trees should
be released if necessary.
This process may be perceived as an extensive selection cutting, if the emphasis is on a balanced
form of structure to ensure that cover is permanently renewed.
2.1.4.6. Overstory Removal (Harvesting with protection of small merchantable stems)
The complete overstory removal of the dominant canopy cohort is used on stands containing
enough small merchantable stems and saplings. Harvesting the topmost cover up to a diameter
limit releases the saplings and small merchantable stems.
Particularly when the merchantable diameter is increased (e.g.: 18 cm plus), the residual stand has
an irregular structure and this treatment can be categorized as part of the irregular high-forest
system. The treatment may also be similar to a selective commercial thinning if the exploitable
diameter is smaller.
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Figure 20. Different Irregular Shelterwood Patterns (Uniform and Expanding-Gap)
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Figure 21. Different Irregular Shelterwood Patterns (Strip and Group)

31

Figure 22. Different Irregular Shelterwood Patterns (Multitreatment and Permanent Cover)
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2.1.5.

Specific Conditions

Managing light is
essential if the
treatment is going to
fulfill its silvicultural
functions.

Managing light is essential to ensure silvicultural functions of the
treatment:
 Control the establishment and growth of regeneration of
desired species;
 Optimize increase in the diameter of the stems kept by
providing optimal space for their crowns to spread.

Openings have to be sized in order to manage incoming light based on:
-

-

Width and orientation of strips for strip irregular
shelterwood method;
Size and orientation of gaps for patterns that include
this type of opening (initial gaps in expanding-gap
systems, permanent cover and gaps in groups);
Desired crown recovery rate after treatment for crop
trees, for patterns such as uniform shelterwood, (slow
uniform regeneration, subgroups at different stages of
development).

Managing light operationally:
The desired crown recovery rate
after treatment can be translated
into an optimal distance to be
maintained between residual stems.
This conversion rests on the use of
density management diagrams from
Ontario. The distance can then be
converted into a fraction of the
width of the harvester head to make
it easier for operators to estimate.
The distance varies by species and
stem diameter (Table 5).

Table 5. Sample Distance to Maintain between Residual Stems

Target
percentage
of cover

50-60%
60-70%

Wide-crown hardwoods
(YB, SM, WA, CHR)
DBH
Classes

Distance
between stems

50 cm plus
40 to 48 cm
30 to 38 cm
24 to 28 cm
10 to 22 cm

11 to 14 m
9 to 11 m
7 to 9 m
5 to 7 m
4 to 5 m

Source: Joanisse and al. (2013)
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The conditions favorable to establishing regeneration are:
-

An adequate seedbed;
Enough light to warm the soil and stimulate seedling growth;
Protective cover that reduces temperature extremes and risks of soil drying and limits
competition from interfering plants.

For some species like yellow birch, scarification in the zones to be regenerated may promote the
establishment of groups of cohorts characterized by a dense regeneration. These patches of thick
regeneration are favorable to high-quality wood, limit encroachment by competing vegetation and
allow for better risk management.
The choice of which stems to keep when using the seed-establishment and secondary cut methods
favours seed-trees and stems forming the protective cover. Priority is on crop trees of desired
species, with potential for growth once released. Stems kept must be stable in the wind, well
formed, of high quality, vigorous and have a well developed crown. If multiple treatments are used,
marking is not done and simple rule to identify the stems to be removed are given to the operator
to follow. Based on the target residual cover, less vigorous trees may also be kept to contribute to
stand filling.
Artificial regeneration may be used to supplement poorly stocked areas or to introduce other
species, especially in gaps.

2.1.6.

Expected Outcomes and Monitoring

Given that the operational use of irregular shelterwood is very recent, three monitoring activities
(operational, effectiveness and relevance) are essential in order to adjust the variations in
treatment and conditions and to ensure the objectives are met.
R&D until now has shown that the success of operations is directly linked to training of workers
(operators, supervisors). Better knowledge of the basis for treatment and selection of residual stems
is essential. Coaching from the start of the project and rapid, frequent feedback based on worker
behavior rather than focusing only on results also contribute to success.

34

2.1.7.

Photos

(Source: CERFO)

Figure 23. Uniform Irregular Shelterwood Method

Gap ISM

Strip ISM

Strip ISM

Figure 24. Irregular Shelterwood Methods (Gaps and Strips) (Petit Caugnawana Sector, Témiscamingue)
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Figure 26. Group Irregular Shelterwood Method (Softwood Stand)

Figure 25. Group Irregular Shelterwood Method (Softwood Stand)
Aerial view on the Gaspé Peninsula.
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Release

Establishment

Growth

Figure 27. Hardwood Stand with the Right Conditions to Use the
Group Approach

Establishment and
release of regeneration

Growth

Figure 28. Group Irregular Shelterwood Method (Hardwood Stand)
Aerial view of a treated stand in Lanaudière. Notice that the two methods coexist.
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Figure 29. Permanent Cover Irregular Shelterwood Method

Figure 30. Harvesting with protection of small merchantable stems (Mauricie Triad)
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3. PROCESSES OF REGENERATION IN A SELECTION HIGHFOREST SYSTEM
Continuous
regeneration over
time in the whole
treated stand.
Target balanced
vertical and
horizontal
structure.

The selection high-forest system is characterized by concern for
continuous regeneration over time for the whole stand, emphasizing
control over operations to obtain a balanced vertical2 and horizontal3
structure that produces high-value wood in a sustained manner thanks
to appropriate cultural practices. It involves maintaining stems not
just from all age or diameter classes, but also from all height classes,
distributed in a way that ensures continuous production.
In a context of timber production, this system’s goal is the sustained
production of large timber of good quality. It also reduces the
probability of erosion or a rising water table in fragile habitat

Permanent
cover.
Two types of selection cutting are presented, the single-tree and group selection methods.

3.1 SINGLE TREE SELECTION METHOD
Coupes jardinatoires avec gestion par arbre

3.1.1 Definition
The selection method is a multi-purpose process that provides for
regeneration, tending and harvesting of stands. Structure is
characterized by the presence of trees of the desired species of all
dimensions, from seedlings to mature trees, including saplings and
poles. Distribution by diameter class includes a decreasing number of
stems as diameter increase (Figure 31). Thus, there are a very large
number of seedlings, fewer saplings, and even fewer poles,
ending with a few very old, very large trees. An important aspect of this treatment is to create or
maintain a vertically and horizontally balanced structure, because this balance provides for
continuous renewal of individuals at all stages of development found in the stand. Generally,

Regenerate, tend
and harvest over a
limited area.

2A

balanced vertical structure corresponds to a varied range of height classes represented in the stand.
balanced horizontal structure corresponds to homogenous spatial distribution of different height classes in the
stand.

3A
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this harvesting process involves working on smaller areas and requires very close analysis of the
stand and the formulation of guidelines for trees to cut.

Figure 31. Schematic of a Single-Tree Selection High-Forest System
Note: The smaller the cohorts of stems are, the greater the number of stems required.

As trees mature, they are generally harvested individually or in clumps and replaced by young trees
that are already there when the cutting takes place or by others that establish themselves in the
openings created. Selection cutting also allows for thinning of clumps of young stems that are too
dense or of any bothersome or dangerous stems, concentrating growth on the better-quality stems
in each diameter class. In certain cases, sanitation cuts may also be part of the process.
To maintain a sustained production of quality large timber, the stand must be continuously and
independently rejuvenated. This is only possible if the target is regeneration of tolerant or
intermediate shade-tolerant species.
The intensity of the selection method can be increased by shortening the time between re-entries
(5-10 years) and reducing the volume to remove in order to optimize the production of valuable
wood and minimize losses through mortality, but parcels must have very high potential.

3.1.2 General Conditions of Use
The stand must display all or most of these conditions:
-

Composition must be dominated by tolerant species and may contain a certain portion of
intermediate shade-tolerant species;
Pre-established regeneration (seedlings and saplings) must be present in sufficient quantity;
Vertical structure must be developed, meaning that the stands have a dominant cover and
trees in each stratum;
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-

-

-

Diametral structure must be unevenaged4 and balanced, or nearly balanced.
Forest cover must be basically
continuous and closed (e.g.: densities A
and B), over 60% of crown cover.
The site must be productive;

Characterization of diametral structure
It is strongly suggested that diametral structure be
defined by establishing the structure of each
sample plot in the intervention inventory, then
presenting the results in terms of the frequency of
each structure over the stand as a whole.

The basal area must be large enough to maintain minimum thresholds after intervention (e.g.:
17 m2/ha) and allow harvesting a sufficient volume;
High-quality, vigorous stems must be abundant (e.g.: ≥ 10 m2/ha) and well distributed;
The stand needs to be located in a easy access area that isn’t too remote given how often
interventions are needed;
Distribution, assembly and variations in vigor are important factors to consider when choosing
an appropriate treatment pattern. A too widespread data for the level of vigor, or the distinct
presence of groups of sanitation trees, suggests rather that group or gap cutting methods should
be used.

3.1.3 Spatial Pattern Variants of Selection Cutting Method
Two patterns are suggested: single-tree selection (as illustrated in Figure 32) and single-tree with
group selection.
3.1.3.1. Single-Tree Selection
Jardinage par pied d’arbre
This pattern sustains production of high-quality timber over a small area. It is used in stands where
mature stems are relatively evenly distributed. Stems are removed according to a scattered pattern
throughout the stand. Since very little light penetrates the forest floor after the cut, only shadetolerant species (e.g.: sugar maple) are expected to regenerate.
3.1.3.2. Single-Tree with Group Selection
Jardinage par pied d’arbre et bouquets
The single-tree with group selection method is a variation that can be useful when a stand contains
concentrations or clumps of mature stems. The gaps resulting from removing the clumps are small,
normally between 0.5 and 1 time the height of the stand (0.5 to 1 H). The gaps allows a certain
amount of light to reach to forest floor, which permits the opportunity for installation of
intermediate shade-tolerant species regeneration like yellow birch, the oaks, or white ash.
4 Including

at least three age classes.
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Figure 32. Single-Tree Selection Method Pattern
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3.1.4. Specific Conditions
Depending on the regeneration strategy for the desired species, management objectives, and the
history and productivity of the site, the following parameters have to be determined by the
manager:
-

Cutting cycle: can be calculated based on the formula for compound interest, and depends
on increase, land surface and quantity removed;
Residual basal area;
Maximum diameter of the largest trees at harvest;
A target diameter distribution of the residual stand;
Composition objectives.
De Liocourt’s Curve:
A reference to determine the target residual diameter distribution
A reference for the residual diameter distribution is essential to guide harvest. After great debate,
De Liocourt’s curve or the reverse-J curve is still a valid tool if it is adapted in the light of recent
knowledge. Therefore, silviculturalists use the truncated shape of the curve to remain in a zone
where the mortality rate is considered to be constant: non-merchantable (under 10 cm) stems
are eliminated from the curve, as are those that exceed the maximum useable diameter. The
following example shows the number of desired stems by broad diameter classes, based on a
target of 18 m2/ha for the 10 to 50 cm categories in a sugar maple stand. The number of stems
is then translated into basal area and number of stems based on a factor 2 prism for marking.
Table 6. Target Density and Residual Land Surface after Marking by Diameter Class for a Residual
Land Surface of 18 m2/ha
Target residual
density
(#/ha)

Target residual
land surface
(m²/ha)

10_22

177

3

2

24_28

43

2

1

30_38

57

6

3

40_50

50

8

4

Classes of
DBH(cm)

52 and +

Minimum number of residual stems,
factor 2 prism

Retention for ecological reasons (see conditions)

Total 24 and +

150

16

8

Total

327

20

10

(Extract from CERFO Report 12-0640) (Curve G18-L1.06-Dmax 50 with L1.09 for the 10-22 cm class)

3.1.5. Expected Outcomes and Monitoring
The cutting cycle length depends on the quality of the site, amount of wood harvested and initial
basal area. Usually an average of 25 to 40% is removed during selection cutting, but this may
vary significantly over an area. The establishment of regeneration should be monitored as well
as its transition into the sapling class. Rates of entries may bevalidated from one entry to the
next to see whether targets need to be adjusted (Biolley control method). In theory, the quantity
of timber wood should improve significantly.
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3.2 GROUP SELECTION METHOD
Coupes de jardinage par cohortes juxtaposées

3.2.1.

Definition

The objective of the group selection method is to maintain
permanent cover at the stand level and support relatively
constant wood production at regular intervals (i.e.cutting
cycles). It is usually managed by area, with strips or gaps cut
implemented according to a timeline (for example, 10% of the
area every 15 years). According to this method, groups are
considered adjacent instead of mixed-in because different age
cohorts grow side-by-side
(Figure 33). These regeneration processes combine gap or group selection cutting with strip
selection cutting.

The group selection
method is characterized by
the presence, side by side,
of cohorts at different
stages of development.

Like the single-tree method, the group selection method is a mixed operation integrating different
objectives related to regeneration, harvesting, stand tending, regulating structure and stand
improvement (sustained production of high-quality stems). What distinguishes it from the singletree method is that cohorts at different stages of development grow side by side, not in vertical
layers.
Groups of trees distributed
throughout the stand are harvested
in each cutting cycle.

Figure 33. Gap Selection
(Source: BC government, 1998.
Silvicultural systems)

So trees grow side by side in groups of differing ages and dimensions, forming a mixture of stages
of development, each of which is treated like an even-aged group. Structure is regulated by
managing areas taken at the stand level. This process maintains or generates a group structure
within the stand, fostering the presence of a large variety of tolerant or intermediate shade-tolerant
species (yellow birch, red oak). It is also a way to standardize lumber
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production (in area) production (sawlogs and veneer logs) of intermediate shade-tolerant species
in a selection high-forest system.

3.2.2.

General Conditions of Use

This type of intervention is well suited to situations where the natural structure of a stand consists
of groups and maintaining permanent cover is desired.
Stands suitable for this silvicultural intervention generally have the following characteristics:
-

Groups of trees with regular structure;
Presence of groups of trees that are mature, dying or with defects;
A balanced distribution, or a non-balance distribution that we wish to balance gradually;
Increasing acceptable growing stock, from moderate to high;
Production based on tolerant and intermediate shade-tolerant species;
Low proportion of intolerant species in regeneration;

As is the case with the single-tree selection method, the site must be productive and easy to access,
considering how often treatments are required.
Limits to Applying Gap Selection Cutting






Standard inventories do not provide information at the tree group level (number,
dimension, age and spatial distribution).
Trees with similar age in an irregular stand are not always arranged in groups
occupying a comparable surface area.
The small dimensions and the irregular dispersion of the openings created by the
selection cutting make them hard to map and localize for future planning. After
two cutting cycles, it is often difficult to see how groups of trees are arranged.
The planning of trails is complicated and requires an easy access.

Yellow birch/fir and maple/oak stands have potential for this method.
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3.2.3.

Spatial Pattern Variants of the Group Selection Method

3.2.3.1. Group-Selection
Jardinage par trouées
This regeneration process requires harvesting groups of trees in a same stand. This creates gaps
where regeneration can be established or be released. The gaps are focusing in priority to groups
of trees that are mature or in poor state, as well as group of trees that cover patches of regeneration.
The area of these gaps has to be calculated based on the conditions needed to establish and develop
regeneration of the desired species. For example, their diameter varies between one and two times
the height of the stand. Ecologically, the largest gaps should not exceed two times the height of the
adjacent stand so that they can benefit from its protection. This way, environmental conditions
comparable to clear-cutting will only exist in a small area in the center of the gap. Larger gaps are
deemed small clear-cuts.
3.2.3.2. Strip Selection
Jardinage par lisières ou par bandes
Strip selection is another pattern that juxtaposes groups of trees of different ages and is regulated
by area. Figure 35 presents a schematic of this treatment. This variant is used mainly in stands
vulnerable to windthrow (exposed to high winds, shallow roots), as in certain British coastal forests
or the Alps. In North America, this treatment may be appropriate for certain mechanized
interventions in softwood forests. Techniques are available to limit the impact of logging on the
visual environment. However, to be part of a selection high-forest system, this method must provide
continuous regeneration leading to the juxtaposition of different stages of development depending
on the longevity of the species (minimum four) and be performed in narrow strips. The strip
selection variant does not allow for the ideal location of openings, which may compromise total
yield.
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Use of Strips to Prevent Windthrow
Figure 34 illustrates the portion of a stand treated
by strip selection cutting on a north-south axis on
a 10-year cycle using a rotation 80 years. The
north-south cut protects regeneration from direct
sunlight and prevailing south winds.

Figure 34. Use of Strips to Prevent Windfalls
(Source: Smith, 1986)

Figure 35. Strip Selection Cutting Pattern

In this example, a 10 meter-wide strip, located 45
metres from the beginning of the stand exposed to
the wind, is 100% harvested and an adjacent band,
5 metres wide, is 50% harvested. Note that this
strip is closer to the edge of the stand than the first
one.
30 metres in the stand are not
disturbed so they form a protective screen.
harvesting pattern is repeated throughout the area
in strip cutting. esidual zones will be harvested
later. The number of years needed between
interventions (three in all) corresponds to the time
for regeneration to reach 1 to 3 metres in height,
10 to 15 years.
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3.2.4.

Specific Conditions

As previously mentioned, the group selection method
targets the removal of groups of trees with low value or
growth potential as compared to other parts of the stand.
That being said, it may be necessary to harvest young crop
trees to create a big enough opening when there are not
enough mature or defective stems in the group. Openings
may also be required in order to release seedlings that
have already become established under cover of the
mature trees but care must be taken not the damage them.
Finally, a certain amount of control over how openings are
dispersed is needed to ensure that they are not too close
together, separated only by a fragile fringe of trees.

Identification of groups or
patches
Various tools may be used to locate
and characterize groups or patches
in a variable stand (location,
presence of overmature trees etc.):
aerial
photos,
high-resolution
imagery, field cruises, Lidar data
etc.

To promote the presence of certain intermediate shade-tolerant species, like yellow and paper
birch, it may be wise to perform a scarification in some of the patches. The effectiveness of
scarification may vary depending on soil water regime.
Regulating stand structure
Structure regulation (balancing age classes) takes place through the control of areas
progressively cut in gaps or strips (area regulation). The total area represented by the openings
varies according to the number of age classes chosen and the arrangement of the different age
classes in the stand. On this subject, Nyland (2000) proposed a formula to define the number
of age classes used to document the stand structure:
NAC= a/cc
NAC= number of age classes
a= age at maturity
cc= cutting cycle

3.2.5.

Expected Outcomes and Monitoring

The proportion of the area harvested is applied to the volume to estimate the amount of wood
removed at each operation. Group selection cutting causes a risk of lower net production for the
stand than would come from the single-tree method, and this risk is even higher with strip selection
cutting because openings are located systematically. This effect is associated with sacrificing
certain growing stems and keeping low-value stems. This may cause of loss of net production
which may lengthen the cutting cycle. Thinning of intermediate groups may mitigate this effect.
Also, if the initial stand includes many stems that are older than the rotation set as part of treatment,
yields may drop in the second rotation.
Any monitoring of the effectiveness of the gap selection treatment must include monitoring of the
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regeneration in the gaps to ensure adequate regeneration is established and, failing that, take the
necessary measures. The main target species need to include, over the area treated, enough young
crop trees that are free to grow.
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4. COMMERCIAL THINNING
Éclaircies commerciales

Thinning is not a
regeneration process.
The main objective of
this method is to
distribute the growth of
the stand over crop
trees.

Thinning, unlike the treatments presented in preceding sections,
is not a regeneration process. Rather it is a partial cut designed
to distribute the growth of the stand as a whole over residual
stems (crop trees). Thinning is also a method to recover stems
that have some value today but may deteriorate or die before
final cutting. It also allows to adjust the composition and
improve the quality of a stand by removing dying or sick trees
and defective stems.
It is referred to as commercial, when the stems harvested are of
the right size for market.

Stands targeted for commercial thinning have the following characteristics:
-

High density;
Young to immature;
Composed of high-value species;
High productivity (crop trees will respond better and return on investment will be higher).

In order to increase financial returns on prior silviculture investments, plantations and stands
having undergone pre-commercial thinning are generally a priority for commercial thinning.
Thinning may be carried out either on regular, irregular or selection high-forest systems.
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4.1 FIVE GENERIC TYPES OF THINNING
There are several types of thinning and the selection of a particular one is done after a biological
and financial analysis. The type of thinning influences revenues, subsequent treatments and the
growth of the residual stand. Figures 37 and 38 illustrate the variants that are introduced.

4.1.1 Systematic Thinning, Mechanical Thinning, Geometric Thinning, Spacing
Thinning
Éclaircie systématique
This type of thinning consists of harvesting trees systematically in a particular spatial
arrangement (in rows or strips) or by fixed spacing.
Sometimes, in planted stands with low variability, the first commercial thinning may be conducted
by removing a row to improve future access to the rest of the stand (for example: 1 row in 7).
Most often, systematic thinning consists of setting an objective for the residual density of stems in
the cutover area. Stand density management diagrams are recommended to determine the removal
intensity and residual density. The target (in number of stems per hectare) can then be translated
into spacing (example: to attain 1,100 stems/ha, leave 3 m between residual stems). Spacing is an
order of size and priority is given to properly spacing crop trees.

4.1.2 Low Thinning, Thinning from Below, German Thinning
Éclaircie par le bas
This method of thinning is used on lower crown classes (suppressed and intermediate trees) in
order to favor trees from upper crown classes (dominant and co-dominant). However, it often has
little influence on the growth of residual dominant trees. When used as a substitute for natural selfthinning, it may be useful to recover trees that would dieback rapidly, especially in stands of
intolerant species, thus reducing mortality losses. On the other hand, harvested trees are very small
and make this thinning method expensive.

4.1.3 High Thinning, Crown Thinning, Thinning from above, French Thinning
Éclaircie par le haut
This method of thinning reduces density in the main canopy by harvesting some dominant
and co-dominant trees to favor the better individuals in these same crown classes. Poor-quality
or low-value dominants can be harvested if they compete with good co-dominants (Figure 36).
Intermediate and dominant trees that are not in competition with crop trees are ignored and not cut.
This maintains a more diverse vertical structure. The silviculturist’s job is to choose crop trees,
control the intensity of cutting and determine the number and position of filler trees. The number
of stems to be cut may be estimated using the notion of spacing. This method is seen as more
complex than other types of thinning.
This type of thinning may be part of irregular commercial thinning and selection thinning,
described below.
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A: Crop D: Dangerous G: Bothersome R: Filler
Figure 36. Harvested Trees During Commercial Thinning

4.1.4 Selective Thinning, Thinning of Dominants, Borggreve Method
Éclaircie sélective
This thinning method, which is not related to selection cutting, aims to remove dominants to
favor smaller trees from inferior crown classes. The cohort in the lowest story, released in this
way, should consist of tolerant species offering the best potential for future development. A
diameter limit may be assigned. It is particularly applicable to stands with a low current
merchantable value, poor quality and vigor that nonetheless contain a few crop trees that are
dispersed or represent a small proportion of the total volume. Harvest intensity should be controlled
to prevent the creation of isolated groups with large openings in between. This method produces
large volumes at the time, but it reduces structural diversity and the presence of large trees.
This type of thinning goes well with succession harvest methods when the succeeding stand is
merchantable or close to be. One example would be a mature poplar overstory with an understory
composed of small pole-size fir and spruce trees. Harvesting with protection of small merchantable
stems can be included in this category of thinning, when a low diameter limit is set (ex. Harvest
stems with a DBH of 16 cm and above). This type of harvest can give good results in terms of
management (rotation overlapping), operations (haverst of the biggest stems) and ecology
(maintenance of a diverse diameter structure)
However, the application of this type of thinning was not conclusive in the case of intermediate
shade-tolerant species like yellow birch due to dieback, mortality, and extreme branch
development.

4.1.5 Free Thinning, Crop Tree Thinning
Éclaircie libre
In this type of thinning, only crop trees are released and other individuals in the stand are
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largely ignored. Releasing the crowns of crop trees by removing their immediate competitors is a
good alternative to balance crowns and optimize growth. The most frequent criteria for choosing
which stems to thin are species, hierarchical position, quality, vigor and usable height. The first
step consists of establishing a target of crop trees per area and translate into a theoretical spacing,
assuming the distribution is even. This variant of commercial thinning differs from a thinning from
above because crown release is only done on a small number of crop trees.
This type of thinning requires minimal effort and only releases a well distributed number of crop
trees that corresponds to the number desired the end of the rotation. Therefore, it is appropriate for
a stand containing many defective stems as long as the threshold for minimum number of crop trees
is met and they are reasonably distributed.
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A

B

Figure 37. Thinning Patterns (a: Systematic and b: High)
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A

B

C

Figure 38. Thinning Patterns (a: Low, b: Selective and c: Free)
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4.2 SPECIAL CASE: IRREGULAR COMMERCIAL THINNING
Éclaircie commerciale en futaie irrégulière
This thinning is performed in stands with an irregular
structure, where the existing cohorts are mainly in
growth mode. The idea is to foster growth, maintain an
irregular structure and adjust species composition. The
most defective stems may also be removed, whether or
not they are hindering crop trees (Figure 39).
The objective of maintaining an irregular structure
excludes the use of selective or low thinning, which
apply to stands with a regular structure. With irregular
thinning, the goal is mainly to provide space for the
crowns of dominants and co-dominants, protect the
best ones (high thinning) and release patches of
regeneration or existing groups of saplings to promote
structural differentiation. Free thinning may also be
an option. The principles of systematic thinning also
apply, but in this case spacing has to be adapted to
micro-variations in diameter classes within the stand.
Distinct spacings can be planned for poles, small
timber and medium-sized timber and, if necessary, can
be modulated in function of species requirements
(softwood or hardwoods) and the stand structure
encountered.
The stands that meet the criteria are ideal candidates
for operator-based decisions and generally produce
more usable volume.
Releasing the crowns of crop trees should improve
their form and the production of volume and quality
products.

Figure 39. Pattern of Irregular Commercial
Thinning
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4.3 SPECIAL CASE: SELECTION THINNING (YOUNG UNEVEN-AGED
HIGH FORESTS)
Éclaircie jardinatoire
This treatment is performed on stands with an irregular structure where small and mid-sized stems
are usually abundant and where the objective of bringing stands along progressively toward crop
selection.
Objectives of this form of thinning:
-

Scatter volume to be harvested over time;
Develop the cohorts that are already established;
Stimulate the establishment of new cohorts;
Structure the stand so it ultimately develop into a balanced state;
Diversify the structure to promote biodiversity and maintain permanent cover;
Convert a regular or irregular stand to a selection high-forest system, emphasizing structure
differentiation.

Selection thinning may either favour the development of a closely mixed vertical structure, in the
case of heavy thinning, or create a stand composed of adjoining patches where moderate thinnings
combined with patch cutting is practiced.
As is the case with thinning in an irregular high-forest system, selection thinning does not support
selective or low thinning methods used in stands with a regular structure. However, high, free and
systematic thinning (modulated as mentioned) can be used. Unlike other thinning methods, this
stand tending treatment can indirectly help trigger new cohorts of regeneration.

4.4 SPECIFIC CONDITIONS
Planning a thinning operation involves choosing its type, timing, removal intensity and the spatial
distribution of stems.
Timing
The timing of first entry largely determines the success of the thinning scenario and the benefits
obtained at final harvest. The recommendation is to thin as early as possible, as soon as the timber
is merchantable and before competition slows the increase in diameter of crop trees; delays in
growth of young stems can rarely be recovered. It is best to thin based on the amount of competition
to which crop trees are subject rather than their age.
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Figure 40. Sample Stocking guide

Frequency, intensity of thinning and pecking order
What is needed is a compromise between the ideal gains
in the growth of crop trees and the economic feasibility of
what may be a costly treatment. In principle, the advice is
to execute light but frequent thinnings. In practice,
removal intensity may be chosen in order to avoid the
creation of unproductive gaps while removing enough
volume to cover, to the extent possible, the cost of the
work and to delay the next thinning.
Various tools exist for determining the percentage of trees
to remove: stand density diagram, diameter increment,
height-diameter ratio, or crown height-total height ratio.
Stocking guides are popular, such as the one for tolerant
hardwoods (Figure 40). These diagrams have different
parameters depending on the species and site conditions.
The pecking order is the final feature that characterizes
the type of thinning. Releasing the crowns of selected
crop trees is done by removing any stem that creates
competition, or be dangerous. This operation may be
spread out over several stages if competitors have very
wide crowns. Lastly, the execution of the treatment can be
completed by harvesting stem that have an actual
economic value but are expected to degrade or die before
the next intervention (low vigour, low value, at risk of
losing value etc.). It is important to remind that that free
thinning is well adapted to extensive management.

The vocabulary of thinning
The concept of an ideal treatment
for the forest rests first on building
up a cohort of useful stems after
establishment and cleaning. It
continues through thinning, where
the best-looking examples are
chosen each time in order to finish
the rotation with trees of the highest
quality possible. There are
successive waves of challengers,
from which elite trees (or crop trees)
will be chosen. This concept, which
goes with crop tree management, is
used with top thinning systems as
well as with systematic spacing
thinning and positive selection of
crop trees.
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4.5 EXPECTED OUTCOMES AND MONITORING
During commercial thinning, no more than a third of the
volume should be removed, no matter what type of
operation is carried out. Thinning generally has zero
impact on production by volume at the stand level.
However, the thinned stand will have fewer stems per unit
of surface, and this will reduce subsequent operating
costs. Also, the rate of secondary growth in diameter will
increase with thinning, something that generally increases
their value. In this respect, it is useful to identify those
factors associated with value-added for stems on the
market in order to better prioritize which stems to keep.

Caution
Response to thinning can be parallel
or convergent when applied
successfully but can have the
reverse effect (divergent) if too
much is removes or the selection
favours un-healthy trees. It can also
be disastrous of the post-thinning
conditions lead to disturbance.
(McKinnon et al, 2006)

It is recognized that commercial thinning, when done
properly, can lead to higher revenues at final harvesting as
compared to stands that have not undergone a partial cut
before final harvesting. However, these operations are
often expensive (especially the first intervention), so the
profitability of the scenario has to be assessed up to final
cutting, when the greatest proportion (in volume and
value) will be harvested. Also, it must be demonstrated
that the scenario that includes thinning has generated longterm profits, both by added value of the crop trees and by
lower operating costs. The time between thinning and the
final cut has a great influence on profits, so the sites to
target are the most productive ones, where crop trees grow
all the faster.
Thinning cuts are not designed specifically to establish regeneration, but they can influence it by
helping light to penetrate the lower strata and increase future seed production due to a higher vigor
of crop trees.
The effectiveness of the treatment has to be tracked to assess the relevance of the thinning. The
following aspects need to be checked: secondary growth (radial) increase, changes in quality and
value and presence or absence of mortality or loss due to windthrow, diseases or insects.
As in the following example (Figure 41), the judicious combination of number of entries and their
timing can have great influence on crop tree size at the end of the rotation. Commercial thinning is
primarily a crop planning tool that, when used effectively can improve tree characteristics.

59

Figure 41: Diameter distribution at age 40 in different thinning scenario
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4.6 PHOTOS

Figure 42. Systematic Thinning of One Row in
Seven in a Red Pine Stand (Ontario)
(Source: Guy Lessard)

Figure 43. Low Thinning in a Jack Pine
Stand (Duparquet)

Figure 44. High Thinning in a Rich Maple Stand (PapineauLabelle Reserve)

61

Figure 45. Selective Thinning
Example of a stand before treatment where intolerant hardwoods will be removed to release the understory of
softwoods that are still growing. The term succession cutting is often used for this treatment.
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Figure 46. Free Thinning Before and After Treatment
A small number of crop trees are chosen to have their crowns cropped.
The photo illustrates the removal of bothersome trees harmful to the crop trees.
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5. REMEDIAL CUTS
5.1 DEFINITION
Remedial cuts are those that were not initially planned and that are used to correct an unusual
situation.

5.2 TYPES OF REMEDIAL CUTS
5.1.1 Improvement Cutting
Coupe d’amélioration
5.2.1.1. Treatment Objectives and Description
The objective is to “improve” the value of a stand, by increasing its health, quality, structure (e.g.:
balance the structure in a selection high-forest system or maintain irregularity in an irregular highforest system) and percentage of desired species, in order to concentrate growth on the best trees.
Lesser-quality stems (trees that are dead, damaged, weakened by disease or insects and deformed)
and undesirable species are harvested.
5.2.1.2. General Conditions of Use
Most degraded stands (with a large proportion of defective stems) that have passed the sapling
stage, and whatever their structure (selection, regular or irregular) can benefit from this treatment.
Candidate stands must have enough healthy stems of desired species that are likely to respond
positively to treatment in order to justify improvement treatments rather than to start over. Tree
vigour and crown development are essential criteria to classify healthy stems. The expected growth
after treatment will be higher on sites with moderate to good productivity potential.
5.2.1.3. Specific Conditions
Defective trees are harvested first. However, it is recommended to limit the intensity of removal
(generally <35%), to control losses from windthrow, and reduce the risks of deterioration or
mortality among residual stems after sudden intense sun exposure. The need for retention
associated with controlling the release of cover may also require maintaining seed-trees of species
that are becoming rarer, or a few trees that are valuable to wildlife (example: trees with cavities or
defects), to promote biodiversity.
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Trees left after cut should be healthy and forest operations must therefore be carried out so as to
minimize damage to root systems and injuries to residual trees.

5.2.2.

Sanitation Cutting

Coupe d’assainissement
5.2.2.1. Treatment Objectives and Description
The objective is to “sanitize” the stand, or reduce sources of infestation in order to prevent insects
and diseases from spreading through the rest of the stand. Trees that are dead or weakened by
insects or disease are harvested.
5.2.2.2. General Conditions of Use
Any stand containing hot-spots of infestation by insects or disease with a high risk of spreading
should be considered for sanitation cut (Figure 47). Usually the process is of low intensity, targeting
only infested stems.

Figure 47: Target Stand for Sanitation Cutting: Pine Beetle Invasion

(Source: Great Lakes Forestry Centre)

5.2.3.

Salvage Cutting

Coupe de récupération
5.2.3.1. Treatment Objectives and Description
The objective is to “salvage” stems that still have economic value but risk deteriorating. Trees that
are dead, dying, deteriorating or damaged by disease, insects, wind, ice or fire are harvested before
they become unusable. When the operation is carried out before the stand under attack undergoes
significant mortality, the operation is call presalvage cutting.
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5.2.3.2. General Conditions of Use
This type of harvest applies to any stand that has suffered a major natural disturbance and contains
trees that still have economic value, but for a limited time, even if they have fallen (Figures 48 and
49). In Québec, in 2007, a very active year for forest fires, 6,000,000 m3 of wood were salvaged
under special operations.

Figure 48. Windthrow Requiring Salvage Cutting
(Source: Great Lakes Forestry Centre)

Figure 49. Burned-Out Stand Requiring Salvage Cutting

5.2.3.3. Specific Conditions
Generally, this harvesting is at a higher rate than sanitation cutting, systematically removing all
stems that are quickly losing economic value. Harvesting is conducted according to the nature and
intensity of the disturbance. To limit negative effects on biodiversity, surviving or dying trees may
be left standing, individually or in groups.

5.3 EXPECTED OUTCOMES AND MONITORING
Improvement cutting should enable the stand to return to a normal state, approaching an average
yield for a similar area.
Sanitation cutting, if not of too heavy, will produce a yield proportional to the fraction of the stand
left standing.
Improvement and sanitation cutting have no effect on the age of a stand.
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The effects of salvage cutting depend on its intensity: if the treatment removes most of the trees,
the age of the stand reverts to zero. The composition of regeneration must be verified, however, to
adjust the expected yield appropriately. In the case of a partial cut, yield will be proportional to the
proportion of the stand left standing or will be reassessed on a case-by-case basis.
Regeneration must be monitored after salvage cutting to determine if reforestation (plantation) is
needed.
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6. SILVICULTURAL DIAGNOSIS METHOD
With the diversification of management objectives resulting from public and landowner
expectations, silvicultural choices are becoming more complex. Also, priorities are evolving in
time and work methods change. The growing complexity of problems in silviculture force
professionals to deviate from merely enforcing conformance to rigid standards but rather require
to design strategies that are adaptable and founded in the principles of adaptive management.
Therefore, it becomes necessary to adopt a structured, rigorous and objective problem-solving
approach based on appropriate documentation. The silvicultural diagnosis approach is an example
of a problem-solving process adapted to silviculture. Figure 50 illustrates the types of information
needed before taking action.

Current portrait of the forest (information
on forest ecology, fine photo- interpretation,
stand tables, specific inventory data…)

Impact of actions on:
- quality and quantity of resources
(timber, wildlife, recreation…)
- fragility of the environment (erosion,
stripping of soil, rutting, rising water
table)

Silvicultural diagnostic

Management objectives:
- Production objectives (species,
products, …)
- Functions assigned to sites
- Social acceptability

Resources available
(technical, financial, human)

Figure 50. Silvicultural Actions and Required Information
Adapted from Manuel de foresterie (OIFQ, 2009)

6.1 THE SIX STAGES OF DIAGNOSIS
1- State problem and analyze the situation: Undertake a general evaluation of the situation,
taking into account the state of the present forest, management objectives and the resources
available, as well as the effects of the planned silvicultural actions on the forest resource in
the broad sense. The two main components are:
 Characterize the resource (Inventory)
 Describe the silviculture regime that was chosen or is being considered
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2- Identify the problems: Based on the problem statement in stage 1, it is important to
properly identify obstacles to reaching the desired objectives and to determine the root
cause of failure:
 Operational constraints (availability of material and human resources),
 Urgency to harvest,
 Difficulty of regeneration,
3- Formulate possible solutions: Solutions being considered should be expressed as actions,
not as silvicultural treatments (e.g.: establish natural regeneration). Consider all imaginable
options as objectively as possible.
4- Choose solution(s): Evaluate, based on objective and rigorous arguments, the advantages
and disadvantages of each option under consideration in order to choose the most
advantageous solution or combination of solutions based on the objectives. The outcome
should consist in the selection of a silviculture regime with planned activities on a timeline.
5- Propose silvicultural treatments: The planned silvicultural treatments and related
conditions are stated in detail. At this stage, it is important to list the key success factors an
control criteria that are easy to evaluate in order to direct execution of the work and allow
it to be audited. A field visit is essential to validate the selection of an alternative.
6- Subsequent monitoring: The outcomes of silvicultural actions have to be monitored to
ensure that the solutions implemented have really solved the problems that were identified,
that targets were met and that the actual outcomes of silvicultural actions match
expectations. Communication of the expectations is important. This stage is essential for
adaptive forest management.
Diagnosis is unmatched as a tool for identifying appropriate silviculture regimes. It allows forest
managers to formulate silvicultural prescriptions that are based on logical, objective, rigorous
arguments, and also makes standards less stringent because it emphasizes process and results.
However, silvicultural diagnosis involves sound knowledge of silviculture, ecology and silvics of
species.
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