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IIInnntttrrroooddduuuccctttiiiooonnn   
Partial cut silvicultural systems have been part of the landscape in the Kamloops TSA for 
many years.  Initially, partial-cutting was used to meet objectives for values such as 
watershed management, wildlife, coarse woody debris (nutrient cycling), seed supply, 
visual quality and other social objectives.  Sometimes, leave trees were scheduled to be 
removed in future harvesting entries, and sometimes they were intended for long-term1 
retention.  Often the intended longevity of the leave trees was not clear.   

In 1995 the provincial Biodiversity Guidebook provided some direction for leaving long-
term structure across the landscape to meet objectives for coarse filter habitat protection.  
However the guidance provided at the stand level was mostly conceptual.  The Kamloops 
Land and Resource Management Plan (KLRMP) took the intent of the Biodiversity 
Guidebook and defined local priorities for planning at the landscape level.  Yet, guidance 
for effective stand level retention strategies was still lacking. 

To help fill this void, Districts developed their own guidance within the TSA, 
establishing general principles for certain species and structures to be retained (e.g. 1997 
Kamloops District Manager’s letter).  Some parameters were provided for levels of 
retention, distribution, and desired leave tree attributes.  Yet, the most effective manner in 
which to apply this guidance in some ecosystems and circumstances was not entirely 
clear.  While flexibility was intended for retention at the stand level to meet landscape-
level retention targets, the effective application of this flexibility also was not clear.  
Landscape level targets for retention were often applied at the stand level.  Retention was 
often left in an ad hoc manner under broad prescriptive guidance, with little consideration 
of impacts on timber growth and yield, future silvicultural operations, and other resource 
management objectives.   

In 2002, Tolko decided to evaluate past retention practices and explore recent research 
related to long-term retention in a range of ecosystems.  The intent was to build clear 
retention strategies in the TSA that more effectively addresses the objectives for 
biodiversity in local ecosystems, while managing constraints on timber harvesting and 
silvicultural operations.   

To achieve this goal, Tolko conducted a review of the retention literature as it pertains to 
their major biogeoclimatic zones: the ICH, IDF, ESSF, MS and SBS.  As well, they 
collected retention data from 36 blocks or portions of blocks to characterize the retention 
being left, how it is distributed, general health of the retention, windthrow and other 
losses (Appendix 1).  The results of these two efforts are summarized in this booklet 
(Section 1, Section 2, and Appendix 2).  The lessons learned from the Tolko field study 
and the literature review were amalgamated with guidance provided by the October 28, 
1997 Kamloops District Manager’s letter and the context set in current landscape unit 

                                                 
1 Long-term – left for the next harvesting rotation in an even-aged system. 
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planning to produce general retention guidance and strategies by biogeoclimatic zone 
(Section 3). 

This booklet is intended to provide a detailed review of those strategies and the rationale 
behind them.  These strategies are intended to build on past guidance to help provide field 
crews with background perspective and the necessary direction to more effectively use 
stand level flexibility to optimize retention designs across the landscape.  Because the 
biogeoclimatic zones discussed here, and their respective subzones and variants, are 
common to other parts of the Kamloops TSA and elsewhere, others may find these 
strategies useful as well. 

In the spirit of adaptive management the hope is that this booklet and related documents 
are just another step in the journey toward improving forestry practice to maintain the 
rich heritage of biological diversity in the Thompson area in a manner that works with the 
goal of sustaining efficient, economic timber harvests over time.  
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UUUsssiiinnnggg   ttthhhiiisss   BBBooooookkkllleeettt   
This booklet provides a detailed presentation of stand level retention strategies proposed 
for Tolko Industries Thompson Woodlands.   Information is teased out of recent literature 
in Section 1 to provide a basis for the strategies by biogeoclimatic zone.  An analysis of 
past Tolko retention in Section 2 identifies a few additional issues, and recommendations 
are included to address these as well.  The strategies themselves are discussed in Section 
3, in considerable detail with supporting rationale. 

To complement this booklet, a field summary was produced as a “ quick reference” for 
prescription and layout staff, providing and overview of both general strategies and 
strategies specific to biogeoclimatic zones.  As well, for all operational crews a Field 
Illustrative Guide, provides pictorial examples of the key concepts and issues that are 
common across all biogeoclimatic zones. 

The booklet may be of interest to field staff developing prescriptions and designing 
blocks seeking a greater understanding of the rationale behind the strategies.  As well, it 
may be of interest to administrators and others who are involved in continuing 
discussions around these concepts.    
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SSSEEECCCTTTIIIOOONNN   111:::   LLLiiittteeerrraaatttuuurrreee   RRReeevvviiieeewww   

The Broader Geographic Context for Stand Level 
Retention. 
Maintenance of endemic species in viable populations for long-term survival is 
influenced by changes to habitat through harvesting and other disturbances.  The 
particular structures, elements and environmental conditions that provide suitable habitats 
vary greatly among species (Feldman et al. 2002).  These habitats are temporally and 
spatially variable across a broad landscape and thus provide for the natural diversity of 
species. 

Defining what comprises a viable population is a challenge in the face of our rudimentary 
understanding of species and community dynamics, and their response to stand and 
landscape-level changes.  In broad terms, viability may be addressed by two management 
strategies: by managing for whole ecosystems (coarse filter), or by managing for specific 
populations (fine filter) (Soulé 1987).  These approaches to management for biodiversity 
must consider multiple spatial and temporal scales to be effective (Rowe, 1998).   

The KLRMP developed some strategies for management of coarse filter biodiversity at a 
broad subregional scale, establishing a subregional reserve network and resource 
management zones with fine filter practices designed to meet the needs of focal species, 
like mountain caribou (Anon. 1996).  The KLRMP also helped to designate landscape 
units within the Kamloops TSA.  These landscape units were assigned biodiversity 

emphasis options (BEO’s), intended to 
guide management of biodiversity at 
the landscape scale.  The first step in 
the landscape unit planning process 
was to establish old growth 
management areas (OGMA’s) to 
extend the regional coarse filter 
reserve design to the landscape level.  
Further development of landscape 
level planning for management of 
biodiversity is ongoing in BC. 

In managed landscapes like the Kamloops TSA the use of reserves alone at the landscape 
scale are not sufficient to meet biodiversity objectives.  Species richness and functional 
dispersal seem to be positively influenced by the degree of connectivity throughout the 
landscape (Collinge 1998, Haddad 1999, Schmieglow et al. 1997, Wolff et al. 1997).  
However, elegant reserve designs with functional connective corridors may be easier to 
create in theory than in practice (Bunnell 1998, Feldman et al. 2002 and Franklin et al. 
1997).  Indeed, retention of important stand structures during harvesting is central to such 
an approach. 

The particular structures, elements and 
environmental conditions that provide suitable 
habitats vary greatly among species. 

It seems that harvesting and management in the 
matrix of stands surrounding existing reserves 
may operationally provide for connectivity in a 
more flexible, and feasible manner than landscape 
level reserves alone. 
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 The Role of Stand Level Retention 
In addition to the enhancement of connectivity in the managed landscape, Franklin et al 
(1997) identified two other important functions of stand level retention: “lifeboating” 
species and processes immediately after logging and before forest cover is re-established; 
and “enriching” re-established forest stands with structural features that would otherwise 
be absent. 

Lifeboating: provision of refugia 
Lifeboating describes the process whereby stand level retention is used to provide refugia 
for elements of biological diversity that might otherwise be lost under a traditional 
clearcut scenario. After a stand-replacing disturbance, structures from the original stand 
are left, as biological legacies.  These legacies serve to “lifeboat” species through seral 
stages that may otherwise be somewhat hostile for their survival. 

Lifeboating is achieved in at least three ways: (1) by providing structural elements that 
fulfill habitat requirements for various organisms, (2) by ameliorating microclimatic 
conditions in relation to those that would be encountered after clearcutting, and (3) by 
providing a food source for mycorrhizae and other fungi.   

The importance of key habitat elements such as snags and live trees for snag recruitment 
is well known and will be discussed in more detail for each biogeoclimatic zone.  
Retention has been used in partial cutting silvicultural systems for some time within those 
biogeoclimatic variants with potentially extreme conditions for seedling establishment.  
In the Interior Douglas-fir 
zone (IDF) a range of 
selection cuttings have been 
used to ameliorate 
germination temperatures 
and moisture conditions for 
Douglas-fir.  In the Sub-
boreal Spruce zone 
(SBSdw) near Williams 
lake, shelterwoods have 
been used to reduce 
incidence of frost to 
improve survival of 
Douglas-fir.   

Where retention is left as intact patches or groups of timber, microclimate can be even 
more forest-like than in shelterwoods, benefiting certain species.  Insects, gastropods 
(slugs and snails), liverworts and some mosses and lichens, especially those species 
which thrive on rotting wood, may all benefit from intact clumps and patches.  Yet, edge 
influences may not be as strong for these species as previous thought.  A small intact 
clump with several large trees may be sufficient (Kremsater and Bunnell, 1999). 

Lifeboating is achieved with retention in at least three 
ways:  

1. by providing structural elements that fulfill habitat 
requirements for various organisms,  

2. by ameliorating microclimatic conditions in relation 
to those that would be encountered after 
clearcutting, and  

3. by providing a food source for mycorrhizae and 
other fungi.   
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Some studies found increased fungal richness in old growth forests (Sippolla and Renvall 
1999).  Although data are sparse, retaining a few large trees to experience natural death 
and decay helps to maintain fungal species richness, and thus the richness of the species 
that depend upon them (Kremsater and Bunnell, 1999).  Swift and Hagerman (2000) 
found in partial-cutting trials at Sicamous Creek that there is still an active amount of 
mycorrhizal fungal inoculum available to seedlings shortly after harvest in the 
undisturbed organic horizons of the forest floor. This level remains quite high within the 
rooting zone of retained timber, but decreases dramatically further into harvested 
openings. 

Enrichment of Established Stands 
Many species re-establish in areas previously disturbed through clearcutting as the new 
stand closes canopy and develops forest-like conditions.  However, key structural 
features such as large old trees, snags and downed-logs may be absent for extended 
periods, reducing structural complexity and habitat for some species.  Retention of some 
of these structural elements can enrich new stands to provide for a greater diversity of 
habitats not just at present, but also over time. 

Sometimes, the individual stand elements critical for certain habitat needs occur as small 
patches of rare or distinct ecosystems at the stand level.  Retention of these small patches 
may yield significant benefits for habitat, often sacrificing little economic timber. 

How much retention? 
Because stand level retention has the potential to impact timber yields, managers seek to 
determine the optimal level of retention to maximize the positive impacts on biodiversity, 
while minimizing the negative impacts on timber production.  The question is not easily 

answered, especially in the 
diverse landscape of the 
Kamloops TSA, which 
includes the IDF, ICH, ESSF, 
SBS, MS and other 
biogeoclimatic zones.  
Franklin (1999) recognized 

the difficulty in answering this question.  He suggested that what to leave, how much and 
the pattern it is left in is not only site-specific but it is objective-specific.  It depends what 
you are managing the forest for, the types of stands you are managing and the nature of 
the landscape.  As Franklin cautions “One size does not fit all,” and a manager must work 
with the range of management objectives and stand / site conditions to find the optimal 
design for each stand. 

Historically, management of ecosystems for timber or other commodities sought to 
simplify ecological systems by reducing variability and eliminating natural disturbances 
(Lertzman et al. 1998; Holling and Meffe 1996).). Most conservation biologists suggest 
that forestry operations approximating natural disturbance in a system will likely increase 
its resiliency and reduce deleterious effects on biodiversity (Hobson and Schieck 1999, 
Holling and Meffe 1996; Morgan et al.1994).  Further, it has been proposed that 

“What to leave, how much, and the pattern it is left in is not 
only site-specific but it is objective-specific.  It depends 
what you are managing the forest for, the types of stands 
you are managing and the nature of the landscape.” 

    Jerry Franklin (1999)   
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ecosystems managed in such a way are less likely to respond catastrophically to climate 
change than are simplified ecosystems (Swanson et al. 1994).   

In British Columbia, the Biodiversity Guidebook (B.C. Ministry of Forests 1995) states 
“the more that managed forests resemble the forests that were established from natural 
disturbances, the greater the chances that all native species and processes will be 
maintained”.  While this premise, has rarely been tested (Gillingham 2001a), it is seen by 
most to be suitably precautionary and is the basis for recommended practices in the BC 
Biodiversity Guidebook.    

The Biodiversity Guidebook assigns BC biogeoclimatic variants within the managed 
forest to one of four natural disturbance types (NDT’s) which are used to guide 
recommendations for patch sizes and seral stage distributions.  Recommendations for 
stand level retention are generally broad, and vary between NDT types.  NDT12 and 
NDT23 have very broad suggestions for partial cutting and retention, but no stand types 
are specified.  For NDT34 and NDT4 5types, specific partial cutting practices are 
recommended for specific stand types, although little guidance is provided for the amount 
of in-stand retention, or its distribution. 

In October of 1997 the Kamloops District Manager clarified the landscape level old and 
mature age class requirements and targets by landscape unit based on the BEO’s 
established in the KLRMP.  At the same time, the District Manager recommended that 
future wildlife tree patch 
(WTP) targets for stand level 
retention be calculated in 
accordance with Table 20a of 
the Biodiversity Guidebook.  
The effect would be an 
appropriate variation in WTP 
requirements across the TSA 
based on the BEO and current 
condition of each landscape 
unit.  However, the net result was expected to be a reduction in average stand level 
retention at the TSA level from 9% (the pre1997 requirement) to the 6% used as a 
provincial target in the biodiversity guidebook.  This TSA goal provides some context for 
the retention targets at the landscape level.  Yet, flexibility is intended to be applied 
appropriately not just between landscape units, but also at the stand level. 

                                                 
2 NDT1 – rare stand initiating events 

3 NDT2 – infrequent stand-initiating events 

4 NDT3 – frequent stand-initiating events 

5 NDT4 – frequent stand-maintaining fires 

If Table 20a of the Biodiversity Guidebook is used, WTP 
requirements will vary across the TSA based on the BEO 
and current condition of each landscape unit, resulting in a 
reduction in average wildlife tree requirements at the TSA 
level from 9% to 6%.  Yet, flexibility is intended to be 
applied appropriately not just between landscape units, but 
also at the stand level. 
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To explore this flexibility and provide guidance on how to utilize it most effectively 
within Tolko’s tenures in the Kamloops TSA, natural disturbance in each biogeoclimatic 
zone should be more carefully considered.   At the same time, the current wisdom 
suggests a general rule that retention patterns should be intentionally kept variable within 
the natural range, to compensate for our general lack of information and to recognize that 
with any one retention option some species will be winners and others will be losers 
(Kremsater 2002, Stuart-Smith 2002a, Vanha-Majamaa and Jalonen 2001, Bunnell et al. 
1998). 

Stand Level Retention in the ESSF and ICH (NDT1 & 
NDT2) zones: 
Many ESSF and ICH variants in the Kamloops TSA fall under NDT1 and NDT2 with 
rare or infrequent stand initiating events.  There is some ICHmk2 and ESSFdc2 within 
the TSA that fall under NDT3 with frequent stand initiating events (See Stand Level 
Retention in the MS and SBS zones).   

 

While certainly emphasizing the importance of retained structure in the future forest, the 
guidebook provides few specific guidelines for this retention at the stand level. 

Coastal NDT1 and NDT2 forests: 
In 1998 Weyerhaeuser BC Coastal Group adopted a variable retention approach to 
harvesting in its NDT1 and NDT2 ecosystems on the B.C. Coast, which encouraged stand 
level retention well distributed in each harvested cutblock.  An extensive literature review 
completed by the Centre for Applied Conservation Biology at UBC (Bunnell et al. 1998) 
suggested a range of stand level retention from 10 to 20% of original stand basal area, 
along with targets for landscape-level old growth.  Indeed Franklin (1999) suggested that 
many of our habitat and soil productivity objectives can be achieved in these stands at 
relatively low levels of retention (10-15% basal area) if appropriate structures are left. 

Implementation of the Weyerhaeuser variable retention (VR) targets on Vancouver Island 
resulted in average total stand level retention of approximately 20%, ranging from 10% to 

The 1995 Biodiversity Guidebook recommends the following for the NDT1 & 2 types: 

1. Stand Management activities should maintain the natural variety of canopy layers 
and gaps among and within stands across the landscape. 

2. Even-aged or partial cutting silvicultural systems may be appropriate, but retention 
of mature forest attributes is especially important.  These attributes may be 
retained through the stand or concentrated in wildlife tree patches. 

3. Strategies for maintaining stand structure should be considered for all stands. 

4. Where possible in NDT2 types existing veteran trees should be maintained. 
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more than 40% (Bancroft and Zielke, 1999, 2000, 2001).  Habitat monitoring indicates 
that operational Weyerhaeuser VR cut blocks retain all of the bird species detected in the 
unlogged controls, but generally with lower species richness, lower species diversity, and 
lower relative abundance of individual species that depend on mature forests (Chan-
MacLeod and Bunnell 2002).   Generally, group retention blocks were more similar than 
dispersed or mixed retention blocks to control sites. Clear-cuts were unequivocally the 
poorest habitat for the majority of bird species when compared to either control sites or to 
dispersed, mixed, and grouped retention cutblocks. 

Clearly, stand level retention of 20% cannot be relied upon exclusively to provide habitat 
for all species, and landscape level reserves will also be required.  However, the role of 
stand level retention in providing important habitat refugia cannot be understated at levels 
of 10-20% in these Coastal NDT1 and NDT2 types. 

While 10 to 20% retention may be a good target in Coast NDT1 and NDT2 forests, most 
ecologists would agree that retention is not necessary on every cutblock (e.g., Bunnell et 
al 1998).  Transferring Coastal retention targets to the Interior should also be approached 
with caution. 

Interior perspective: 
In the ESSFwc2 (NDT1) at Sicamous Creek, Parish (1996) found that small-scale 
disturbances such as insect attack, disease, and blowdown play an important role in 
creating patchiness and spatial heterogeneity within the ESSF forested landscape, due to 
the long time periods between stand replacing events.  Stand-replacing events may not be 
as rare as on the Coast, but they may still be 300-350 years apart.  So at a given time in 
this variant there will be some large dense patches of immature or maturing, relatively 
uniform even-aged stands with a suppressed subcanopy inter-mixed with large patches of 
classic multi-layered old growth stands.  These old growth stands will be characterized by 
numerous small disturbances, creating small gaps with a relatively constant degree of 
recruitment.  

Stuart-Smith (2002b) observed in the East Kootenays that early seral ESSF habitats 
created through logging promote three to four times the number of bird species if clumps 
of advanced sub-alpine fir regeneration are retained.  Species which appear to benefit 
most are: dark-eyed junco, Wilson’s warbler, Swainson’thrush, chipping sparrow, olive-

sided flycatcher, Townsends’s 
warbler, mountain chickadee 
and pine siskin (Stuart-Smith 
2002a).  These species were 
observed to fly more than 100 
m across open cutblocks to 
feed larvae or spiders in 

patches of advanced regeneration.  Some species were also found to nest in these clumps 
(Swainson’s thrush, American robin, and yellow-rumped warbler).  These advanced 
regeneration clumps provide lifeboating benefits for a relatively short period of time.  
However, if these clumps are vigorous, they will promote greater vertical diversity 
through the next timber rotation. 

Stuart-Smith (2002b) observed in the East Kootenays that 
early seral ESSF habitats created through logging promote 
three to four times the number of bird species if clumps of 
advanced sub-alpine fir regeneration are retained.   
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Presumably NDT2 ESSF landscapes differ from the NDT1 stand by having a larger 
proportion of sub-oldgrowth age classes resulting from more frequent large-scale natural 
disturbance, overlain with smaller disturbances with a range of intensities.  The ICH 
natural disturbance types may also be similar to those in the ESSF in their relative extent 
of old growth stands.  However, the ICH differs from the ESSF by layering a far greater 
diversity of species onto the landscape creating a richer mosaic of stand mixtures over the 
range of seral stages. 

In both the ESSF and the ICH zones, retention of key old growth attributes in remnant 
old growth patches and clumps may be important for certain species.  Arsenault and 
Goward (2000) found numerous species in 12 lichen genera to be old growth dependent 
in the ICH zone, and rare and infrequent in BC as a whole.  Bunnell et al. (1998) 
suggested that edge 
influences are not 
strong and that large 
trees with well-
developed crowns 
may provide refugia 
and habitat for 
lichens, even if those 
trees are located in small clumps or patches.  Given slow dispersal rates, distances 
between patches may influence long-term lichen survival.   

Mountain caribou depend on arboreal lichens as a winter food source in the ESSF.   
Beiber (2002) suggests that stand level retention designs, similar to those used by 
Weyerhaeuser on the Coast, may be effective for caribou winter habitat over time in the 
ESSF.    However, since mountain caribou have some very specific requirements for 
cover and dispersal in both the ESSF and upper ICH, stand level retention requirements 
are highly dependant on landscape-level planning.  Guidelines have been developed to 
help deal with this issue, and are being adjusted as more information emerges (Steventon 
et al.  2001, Anon. 2002 ).   

In the ICH, the retention of fire-resistant veteran trees in such species as Douglas-fir, 
western larch and ponderosa pine is important for a range of vertebrates, including birds 
and bats.  Retention of aspen and other broadleaf species is critical for cavity nesting 
birds (Stuart Smith 2001).   

Summary of Key Points for Tolko Retention in the ICH6: 
1. Relatively low levels of mature timber retention (10-20% of the original basal 

area) may provide large benefits for a wide range of species even in NDT1 types.  
Target these levels of retention where it fits best with stand level features (i.e., 
biological anchors) and landscape character and condition.  Clearcutting some 
stands is acceptable, while others may be considered for multi-pass systems with 

                                                 
6 For the ICHmk2, see the summary for the Sub-boreal spruce zone 

Arsenault and Goward (2000) found numerous species in 12 lichen 
genera to be old growth dependent in the ICH zone.  Bunnell et al. 
(1998) suggested that edge influences are not strong and that large 
trees with well-developed crowns may provide refugia and habitat 
for lichens, even if those trees are located in small clumps or 
patches.   
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higher levels of retention.  Other management objectives, such as visual quality 
will be a consideration, along with risks such as root disease and windthrow. 

2. Retain some large old veteran Douglas-fir, western larch and ponderosa pine 
where they occur on the landscape.  Where veterans are not present, consider 
leaving some scattered individuals and/or small clumps of these species to recruit 
as long-lived old trees. 

3. Retain broadleaf species, particularly large diameter (>30 cm DBH) trembling 
aspen, where feasible on cutblocks to provide habitat for the range of cavity 
nesting birds.  Look for opportunities to leave mature aspen (especially those trees 
in the early stages of decay), preferably in undisturbed clumps and patches mixed 
with conifers.  These should be left as pockets to provide additional refuge, 
especially for edge-type bird species. 

Summary of Key Points for Tolko Retention in the ESSF7: 
1. Relatively low levels of mature timber retention (10-20%) may provide large 

benefits for a wide range of species even in NDT1 types.  Target this retention 
where it fits best with stand level features (biological anchors) and landscape 
character and condition.  Clearcutting some stands is acceptable, while others may 
be considered for multi-pass systems with higher levels of retention.  Other 
management objectives, such as visual quality will be a consideration, along with 
risks such as root disease and windthrow. 

2. Utilize advance sub-alpine fir regeneration where present as clumps of retention 
in stands planned for clearcutting to provide foraging and possibly nesting habitat 
for songbirds.  Ideally, advance subalpine fir should be left in a patchy nature that 
will allow for interplanting of other species like spruce.  Gaps of more than 100 m 
between advanced clumps or the forested edge and advanced clumps are 
acceptable. 

                                                 
7 For the ESSFdc2, see the summary for the Sub-boreal spruce zone 
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Stand Level Retention in the SBS and MS zones: 
The SBS variant in this TSA (SBSmm), and all MS variants in the province occur in the 
NDT3 with frequent stand-initiating events.  As well, the ESSFdc2 and ICHmk2 are in 
the NDT3 and therefore many of the following observations and recommendations will 
have some relevance for those variants.    

 

The guidebook provides some general direction appropriate to zones influenced by large, 
severe, frequent natural disturbances.  Recent research in these zones allows us to build 
on these general guidelines. 

Disturbance history:  
Sub-Boreal and montane fire regimes are characterized by frequent or infrequent high 
severity fires (Johnson 1992, Andison 1996). However, within this model of fire regimes, 
the scale, frequency and severity of fire is known to display a large amount of variation 
(Eberhart and Woodard 1987, Andison 1996, Schienk et al. 2000). 

Applied Ecosystem Management Ltd. (Anon. 2002a) studied fire regimes on Lignum Ltd 
tenures East of the Fraser River in the SBSdw1, SBSdw2, SBSmc1 and SBSmh.  Based 
on this project, it is apparent that large tracts of forest in East Fraser are relatively even-
aged, originating from a few, large, high severity fire events.  Unlike Chilcotin SBPS 
stands, return intervals for large fire events were not punctuated in the interim by 
numerous, smaller, lower severity fires. The three most prominent fire years detected, 
1922, 1905 and 1869, which collectively account for 65% (191,870 ha) of the time-since-
fire map origin dates, are correlated with the same large fire years in the Chilcotin, 
indicating regional climatic control of severe fire years. 

Approximately 3% 
(8517 ha) of the East 
Fraser time-since-fire 
map is composed of 
identifiable residual 
patches within a 
larger burn matrix.  

Recent data on island remnants in montane forests averaged across 
all of west-central Alberta shows that they account for 12% of 
every fire in that region (Andison, 2003). Even more notable is the 
wide variation about this average - of the 170 disturbance patches 
used the analysis, 17% had no (i.e., 0%) island remnants, while 8% 
had greater than 30% of their gross area in island remnants.   

The Biodiversity Guidebook (1995) has the following recommendations for the NDT3: 

1. Even-aged silvicultural systems with wildlife tree patches are appropriate to 
mimic the natural stand-initiating events. 

2. Partial-cutting, including commercial thinning, can be used to maintain a number 
of mature forest characteristics in some stands. 

3. Where possible, existing veteran trees should be maintained when second-
growth stands are harvested. 
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Andison (2002a) found in the sub-boreal and montane (NDT3) ecosystems on the Eastern 
slopes of the Rockies near Hinton Alberta, that for every disturbance patch greater than 
40 hectares in size (some of which are tens of thousands of hectares), there are between 
10-15 patches smaller than 40 hectares.  On foothills landscapes, this unburnt area 
accounts for 29% of the fire event area on average.  Of this unburnt area, Andison found 
that approximately 16% is non-forested, 49% is “mature” forest, and the other 35% is 
“immature” forest. 

Recent data on island remnants averaged across all of west-central Alberta shows that 
they account for about 12% of every fire in that region (Andison, 2003). Even more 
notable is the wide variation about this average.  For example, of the 170 disturbance 
patches used the analysis, 17% had no (i.e., 0%) island remnants, while 8% had greater 
than 30% of their gross area in island remnants. In fact, 3% of his sample patches had 
more than 50% of their area in island remnants. Another prominent pattern to note is that 
the area in island remnants is not associated with fire size in west-central Alberta.   

Stuart-Smith (2002) investigated island remnants in the Rocky Mountain NDT3 forests in 
the East Kootenays.  She found a similar variation in that area with remnants of 0.6 to 
24.9 % across the landscape.  Tembec. Ltd is using this information to guide retention in 
cutblocks in this zone.  They work with the variation in site and stand conditions, and the 
diversity of 
prescriptive 
objectives for 
regeneration and 
growth to fit retention 
designs within this 
natural range.  This 
approach is similar to that advocated by Coates (1994) in northern SBS stands near 
Smithers.  Coates recommended retention of 5 to 20% with specific goals for each stand 
depending on site and stand-specific conditions and the amount of past and planned 
future harvesting in the landscape.  Coates (2002) suggests that at the stand level there are 
significant habitat benefits to retention levels averaging about 10%. 

Applied Ecosystem Management Ltd. (2000) did not investigate stand-level retention in 
the Lignum East Fraser site, but general observations were made. In many situations, 
especially within the SBSdw2 and SBPSmk subzones, only very large Douglas-fir 
veterans were observed to remain as scattered remnants in otherwise single fire cohort 
spruce and pine stands. Also, with the exception of the few very large, scattered veteran 
trees, many stands dominated by Douglas-fir also appeared to be composed largely of a 
single-fire cohort, as indicated by dense regeneration and a closed forest canopy. 

While the forests in the sub-boreal spruce zone (SBS) are now predominantly old, the 
landscape 140 years ago was dominated by young seral stands (Steventon 1997).  
Whether these stands originated as a result of beetle infestations, or fire, or a combination 
of both is difficult to discern; what is clear is that the scale of the disturbance on this 
landscape at that time was large.  The present mountain pine beetle infestation in the 
central interior is an example of this kind and scale of disturbance (Stadt 2001). 

Stuart-Smith (2002) found 0.6 to 24.9 % island remnants after 
historical disturbance across the landscape in the Rocky Mountain 
NDT3 forests in the East Kootenays.   
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Schieck, et al. (2000) observed that within harvest areas where more trees, particularly 
large broadleaf trees, were retained, and when those trees were retained in clumps, bird 
communities were more similar to those found in old-growth forests.   Jamieson et al. 
(2001) report that broadleaf stands have a number of key habitat attributes, including: 

• Exceptionally high biomass in the early years of stand development that is utilized as 
forage by ungulates and other browsers; 

• A relatively short life span and provide vertical structure, cavity sites, snags, and 
down wood more quickly than do conifers; 

• Susceptibility to heartwood rot at a younger age than conifers and thus provide for 
cavity creation earlier; 

• Provision of cavity creation situations in live trees more often than do conifers; 

• Susceptibility to insect herbivory and thus support larger insect populations than do 
conifers; 

• Increased palatability over conifers and thus more use by a range of herbivorous 
insects and mammalian browsers and, 

• more productive shrub and herb layers than generally occurs under conifers, thus 
increasing the complexity and diversity of bird habitat provided. 

Jamieson concluded that a wide range of wildlife species in the boreal and sub-boreal 
environment use broadleaf species for habitat requirements. Broadleaf species provide 
high forage value to ungulates and other browsers in the early seral stages. They support 
a diverse songbird fauna in early seral stages, and a different but equally diverse and 
abundant range of songbirds in mid and later seral stages. There is a high incidence of use 
by cavity-using species in later seral stages. Birch and aspen are very important to a range 
of smaller cavity nesters and insectivorous woodpeckers while cottonwoods provide 
larger cavity sites, created by pileated woodpeckers that are used by an array of larger 
birds and small mammals such as fisher. 

Stuart-Smith (2002) found that dispersed residual broadleaf trees had a greater influence 
on songbird communities in the MSdk than dispersed residual conifers - mostly western 
larch (90%) with some spruce, Douglas-fir and lodgepole pine.  Statistically doubling the 

density of broadleaf 
trees in logged stands at 
similar elevations was 
associated with a 2.3 
fold increase in 
songbird richness and a 
1.5 fold increase in 

It appears that broadleaf species do not provide habitat attributes 
beyond those found in conifer forests, but they do provide those 
attributes in greater abundance and at a younger age.  As a result, 
many species show a distinct preference for broadleaf stands. 
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songbird abundance.  Species most strongly associated with the broadleaf species were 
red-naped sapsucker, black-capped chickadee, dusky flycatcher, and warbling vireo - all 
species that use cavities in broadleaf trees or construct nests in their crowns. 

It appears that broadleaf species do not provide habitat attributes beyond those found in 
conifer forests, but they do provide those attributes in greater abundance and at a younger 
age (Jamieson et al. 2001). As a result, many species show a distinct preference for 
broadleaf stands. Where broadleaf trees occur in riparian areas, very high species 
diversity and abundance occur.  Broadleaf trees also play a critical role where they occur 
as individual trees or as small stands within coniferous stands, primarily by providing 
cavity-nesting sites. 

While retention may be important in riparian areas, there is limited evidence to suggest 
that riparian zones in the SBS consistently serve as fire “refugia” from repeated burning, 
only that there are sites somewhat more or less likely to burn than others.  Andison 
(2002c) found that the ubiquitous nature of fire in sub-boreal and montane riparian zones 
suggests that disturbance is a necessary element of the terrestrial part of riparian 
ecosystems.  Thus, removing disturbance from these systems may have significant 
ecological implications.  Andison (2002b) found that the tendency to form islands in 
riparian zones is very weak in topographically simple landscapes such as the Lower 
Foothills, relative to 
more complex 
landscapes such as 
the Upper Foothills 
and Subalpine.  He 
also found that 
island remnants are 
more likely to form in riparian zones associated with more forested and less non-forested 
land.  Finally, the riparian sites that are most likely to form islands are wetter, and on 
wider streams and rivers – those associated with wider riparian reserve requirements 
under the Forest Practices Code. 

Stuart-Smith (2002a) observed a range of responses in songbirds to dispersed conifer 
retention (mostly western larch) in the MSdk.  Of the 16 species associated with the 
conifers, nine were positively influenced and seven were negatively influenced.  Stuart-
Smith’s work highlights the importance of both structural retention and open, early seral 
habitats in this zone, further emphasizing diversity as a key element of structural 
management in the MS.  In the ESSFdk, Stuart Smith found three species to be positively 
influenced by overstory retention and no species negatively influenced, but she attributed 
the lack of a strong effect to the lack of dispersed retention within her study area. 

Birds benefit from retention of understory trees in the ESSFdk with a doubling of 
advanced regeneration potentially contributing to a 1.3 fold increase in songbird richness 
and abundance (Stuart-Smith 2002a).   

In the montane forests of Alberta it seems that the tendency to form 
islands in riparian zones is very weak in topographically simple 
landscapes such as the Lower Foothills, relative to more complex 
landscapes such as the Upper Foothills and the Subalpine.   



Stand Level Retention Strategies for Tolko Industries 
Thompson Woodlands   FIRST APPROXIMATION - March 31, 2003 

20 

Summary of Key Points for Tolko Retention in the MS and SBS (ESSFdc 
and ICHmk): 

1. A range of mature timber retention designs in cutblocks should be considered.  
Retention should range from 0 to 30% within cutblocks, averaging 5 to 20% 
across the landscape, to fit with the highly variable burn patterns.  Ideally this 
should coincide with some larger block sizes or more concentrated cutting 
patterns as well.  Target this retention where it fits best with stand level features 
(biological anchors) and variation in landscape character (historic stand types and 
complexity of terrain) and condition (recent disturbances). 

2. To fit with the natural remnant patterns after fires, leave most retention in patches 
or clumps targeting nodes of higher diversity, rare or distinct sites or features and 
high value wildlife trees and tree species.  

3. Retain some large old veteran Douglas-fir where they occur on the landscape.  
Where mature trees, rather than veterans are present, manage some scattered 
individuals and/or small clumps of these species to recruit as long-lived old trees. 

4. Retain broadleaf species, particularly trembling aspen, where feasible on 
cutblocks (especially those trees in the early stages of decay) to provide habitat 
for the range of cavity nesting birds.  Look for opportunities to leave mature 
aspen, preferably as undisturbed clumps and patches mixed with conifers.  These 
should be left as pockets to provide additional refuge, especially for edge-type 
bird species. 

5. Look for retention opportunities, beyond those required by the Forest Practices 
Code, to provide some retention in riparian areas.   These retained patches should 
not necessarily be designed as linear strips along the entire stream, especially in 
topographically simple, or uniform landscapes.  Groups of retention at key points 
along the stream will suffice.  They should be wide enough to be windfirm. 

6. Utilize advance sub-alpine fir regeneration where present as clumps of retention 
in stands planned for clearcutting.   Ideally, advance subalpine fir should be left in 
a patchy nature that will allow for interplanting of other species like spruce.  Gaps 
of more than 100 m between advanced clumps or the forested edge and advanced 
clumps are acceptable.   
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Stand Level Retention in the IDF zone: 
All IDF variants in BC are considered to be in the NDT4 type.   

The guidebook presents some very broad guidelines for a diverse range of subzones and 
variants (all IDF, BG and PP variants and the ICHxw). 

Differences in Natural Disturbance Pattern across the IDF 
 Waterhouse and Dawson (2001) strongly support the Biodiversity recommendations for 
stand structure and species composition based on a study in the IDFdk3 near Williams 
Lake.  Further, they emphasized the value of group reserves to maintain snags in the 
stand, especially since uneven-aged managed stands will be entered frequently for 
harvesting and thinning.  

Some would suggest however that lumping all IDF variants under one simplified natural 
disturbance description with vague guidelines is inappropriate, and that more specific 
direction is required, especially between some of the moister and drier subzones and 

variants.  Arsenault 
(2001) cautioned 
against the general 
assumption stemming 
from the Guidebook 
that stand-

maintaining fires were the key disturbance type in NDT4 stands.  He suggested that a 

Contrary to popular belief, a diverse and shifting mosaic of low, 
mixed and high severity fires, in combination with other natural 
disturbances likely shaped the ecological conditions of many NDT4 
forests.   

The Biodiversity Guidebook (1995) stresses the importance of maintaining a 
variety of canopy layers and gaps between and within stands in this NDT.  The 
Guidebook also recommends the following: 

1. Stand management activities should maintain the natural variety of canopy 
layers and gaps among and within stands across the landscape.  

2. Silvicultural systems that maintain multi-storied stands should be used in 
ponderosa pine and Douglas-fir forests.  

3. Some mature Douglas-fir trees should be maintained in mixed Douglas-fir 
and lodgepole pine stands.  

4. Some mature ponderosa pine should be maintained in stands where it 
occurs.  

5. Even-aged silvicultural systems with wildlife tree patches are most 
appropriate for even-aged lodgepole pine stands.  

Practices for maintaining the multi-storied stand structure of this disturbance type 
should be considered for all stands and applied as outlined in “Stand management 
to maintain biodiversity” section of the guidebook. 
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closer examination of fire history clearly shows that moderate severity and high severity 
fires have been important historically in these ecosystems.  A diverse and shifting mosaic 
of low, mixed and high severity fires, in combination with other natural disturbances 
likely shaped the ecological conditions of many NDT4 forests.   

Iverson et al. (2002) gathered historical fire frequency data from forty-four sites in the 
IDFdk3 near Williams Lake.  Iverson stratified this variant into three subunits based on 
stand structure and natural disturbance.  A pine-leading stratum showed the most 
evidence for a component of stand replacing events in the disturbance regime with even-
aged stands, dominated almost entirely by lodgepole pine. Mean historical stand densities 
(540 stems/ha of trees established before1900) were about half of that currently found 
(1186 stems/ha for trees >5cm DBH). 

Iverson identified a mixed FdPl stratum that is mostly multiple-aged, but included some 
even-aged or two-aged stands with a range of stand structures, suggesting a mixed 
severity fire regime dominated by low severity fire. Stands ranged from pure Douglas-fir 
to pure lodgepole pine and mixtures of both.  Mean historical stand densities (421 
stems/ha of trees established before 1900), are about one-quarter of that currently found 
(1758 stems/ha for 
trees >5cm DBH).  
Large Douglas-fir 
trees in this stratum 
are much less 
abundant on the 
landscape today 
than they were historically. 

In the Douglas-fir dominant stratum Iverson observed that most stands were multi-aged, 
and often showed a regeneration pulse in the late 1800’s.  Average historical stand 
density was 499 stems/ha in 1860, jumped to 1582 stems/ha by 1900 and was over 2400 
stems per hectare in the stands they sampled. 

Iverson identified two fire regimes: a predominantly understory fire regime in the Fd 
dominated stratum and a mixed severity fire regime in the mixed Fd Pl and Pl dominated 
strata. Within the mixed-severity fire regime, severity within individual fires varied 
between low severity surface fires and stand-replacement.  Based on the sampling and 
observations within the each plot, the dominant component of both fire regimes appeared 
to be low severity surface fires.  Some patches of even-aged stand structure provided 
evidence for some patches of higher severity fire.  While grass fuels were likely the 

dominant fuel type in all strata under 
historical conditions, tree mortality 
from other causes such as mountain 
pine beetle, Douglas-fir beetle, or 
root diseases likely created small 
patches of dead and downed material 
that provided surface fuels for 

Some NDT4 IDF variants show reduced proportions of large 
Douglas-fir and marked increases in average stand density in 
current stands when compared to historical conditions.  In these 
stand the dominant natural disturbance appears to be a low 
severity fire regime, in spite of other influences. 

Climate, topography and First Nations, combine to 
influence the disturbance regimes in IDF NDT4 
types.  Different combinations of these factors 
across the landscape yield a variety of regimes with 
more or less influence from low severity fires. 
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increased overstory mortality in a subsequent fire. These patches likely made up the 
higher severity component of the mixed-severity fire regime found at some sites. 

Unlike Arsenault, who observed a more layered mosaic of fire intensities in the IDF near 
Kamloops, Iverson downplayed the importance of moderate and high intensity fires in the 
IDF.  The subtle differences in these conclusions likely reflect the differences in the IDF 
landscapes between Williams Lake and Kamloops, in terms of terrain features and 
climate.  Some of these influences will be reflected in the biogeoclimatic variants with 
low severity fires likely having a more dominant influence in drier, low elevation 
variants.  In addition, Gray and Blackwell (2003) suggest that regular ignition by First 
Nations played a role, and proximity to major valley bottoms and other areas with a high 
degree of traditional First Nations activity is another consideration. 

Clearly the light-touch, uneven-aged model of stand management is not a panacea for the 
IDF.  What works best for IDFdk1 may be completely unsuitable for the IDFmw2.  
Knowledge of the subtle changes in natural disturbance patterns across the IDF 
landscape, the resulting range of key structures and habitats, and local stand dynamics is 
important to design effective prescriptions and designs for retention. 

Important Structures for birds in the IDF 
The Interior Douglas Fir and Sub-boreal Spruce Pine forests of the Cariboo-Chilcotin in 
central British Columbia are proving to support one of the richest cavity nesting bird and 
mammal assemblages in North America, and perhaps in north temperate regions (Martin 
et al. 2002).  Martin and Eadie (1999) constructed a web for cavity excavating and 
nesting birds in the Cariboo and demonstrated that cavities are dug almost entirely in 
trembling aspen (96%).  

Klenner and Huggard (2001) studying woodpeckers on Opax Mountain in the IDF also 
found that most of the woodpecker nests they located were in aspen (67%), even though 
aspen represents less than 10% of the trees in the study area.  Aspen without any signs of 
decay were used most often, in 
contrast to the nests found in 
Douglas-fir, which were usually in 
recently dead trees.  In the Opax 
Mountain study area, many of the 
aspen larger than 30 cm have 
centre rot, and this feature likely 
facilitates nest and roost site 
excavation.  Klenner and Huggard found that woodpeckers did not appear to select 
specific habitat features other than tree type for their nests, except for the repeated use of 
marsh or lake edges. 

Harris (2001) suggested the use of lodgepole pine stubs (cut 3 to 5 m tall with 
fellerbunchers) to help provide cavity-nesting habitat in Douglas-fir-lodgepole pine 
stands.  He found that larger stubs (36-45 cm dbh) were more likely used for nesting, 
even though smaller sizes were more available.  Harris suggested placement of stubs 
randomly through a cutblock (i.e., as both groups and single stems) with an average 

The Interior Douglas Fir and Sub-boreal Spruce 
Pine forests of the Cariboo-Chilcotin in central 
British Columbia are proving to support one of the 
richest cavity nesting bird and mammal assemblages 
in North America with most cavities excavated in 
trembling aspen.   
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density of at least one stub per hectare, but preferably much higher to ensure that suitable 
nest stubs are retained.  An observation from another study suggested that birds preferred 
nesting in stubs where the densities approached 30 per hectare (Bennett 1994). Those 
stubs that are unsuitable for nesting may be used for feeding, perching, or courtship, as 
well as contribute to coarse woody debris when they fall. 

Summary of Key Points for Tolko Retention in the IDF: 
1. The IDF is characterized historically by fire, of various sizes and intensities 

creating a mosaic of stand structural types.  Not all stands should be approached 
with multi-entry partial cutting to emulate light intensity fires.  Instead a range of 
partial cutting approaches should be used to maintain the shifting mosaic on the 
landscape.  The key will be to understand the differences between IDF variants 
and the influence of terrain and other factors in natural disturbance regimes. 

2. Multi-entry uneven-aged systems, irregular shelterwoods, or retention systems 
with moderate to high levels of retention (30 –50%)8. may best be applied in low 
elevation, dry variants with Douglas-fir-dominated (80%+) stands that are already 
irregular in their stand structure.  Retention levels should vary by stand and may 
depend on non-timber objectives, such as winter range. 

3. In mixed-species, mostly even-aged stands of Douglas-fir, lodgepole pine and 
aspen, use clearcut with reserves or the retention system to retain a mix of 
individual trees, small clumps and patches.  Stand level retention of 5 to 20% may 
be sufficient and should be dictated by the preharvest stand composition and 
structure.  Stands with higher levels of pine, and less aspen may be good 
candidates for lower levels of retention at 5%, focussing on small clumps of 
codominant and scattered dominant Douglas-fir. 

4. Retain as much large-diameter trembling aspen as possible, especially those trees 
in the early stages of decay, to provide habitat for the range of cavity nesting 
birds.  Ensure the amount of distribution of retention is compatible with 
harvesting logistics and silvicultural goals (SEE general recommendations).  
Aspen are most critical on the edges of marshes and lakes, however they are 
notorious for windthrow and wind-breakage when exposes as narrow strips, so 
ensure that riparian reserve design is relatively windfirm to maintain longevity.  
This may be accomplished by ensuring that windward edges are anchored in 
welldrained soil with retention strips at least a tree length wide, preferably with 
some conifers mixed in. 

5. Also look for opportunities to leave mature aspen, preferably as undisturbed 
clumps and groups mixed with conifers throughout the entire cutblock.  These 
should be left as pockets to provide additional refuge, especially for edge-type 

                                                 
8 These systems may include a variation or combination of: single-tree selection, group selection, irregular 
shelterwood cuttings, and the retention system. 
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bird species.  Incorporating smaller aspen in these clumps and groups will allow 
for recruitment of larger aspen wildlife trees over time. 

6. Where few aspen are available as leave trees, and stands have a strong component 
of lodgepole pine, consider stubbing at 3-5 m with a fellerbuncher.  Aim for 30 
stubs per hectare, with at least 1-5 stems per hectare of stems 35 cm + in diameter.  
As with whole leave trees, stubs are best concentrated in widely spaced clumps to 
minimize impact on operations. 

7. Utilize large veteran Douglas-fir and ponderosa pine which exhibit old growth 
features, as much as possible mixed in the retention design for the block.  Be 
cautious with trees showing conks or other signs of significant heartrot or buttrot.  
You may wish to have them assessed by a qualified wildlife tree assessor.  
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SSSeeeccctttiiiooonnn   222:::   AAA   RRReeevvviiieeewww   ooofff   PPPaaasssttt   TTTooolllkkkooo   RRReeettteeennntttiiiooonnn   
Tolko field crews collected retention data from 36 blocks or portions of blocks in the 
summer of 2002.  The data were not intended to provide an inventory of retention across 
Tolko tenures, but instead to describe (quantitatively) the diversity of situations where 
retention was being used on a block-by-block basis.  The goal of the study was to assess 
types of retention being left, where retention is being left, general health of the retention, 
and windthrow losses.  The following analysis / discussion is based on review of the field 
data by the authors9.   More detail on this analysis is found in Appendix 3. 

The ESSF 
Retention in the ESSF appears mostly focussed on dispersed10 individuals and clumps11 
of smaller subalpine fir, usually less than 22.5 cm in diameter.  Such trees are not found 
uniformly through the ESSF, so blocks with significant levels of retention are 
opportunistic and highly variable, generally in subalpine fir leading preharvest stand 
types, mostly in dispersed clumps.  Where retention was left, it generally ranged from 6 
to 13% of the original basal area.  Such levels of retention concentrated in smaller trees 
can have a significant impact on development of new regeneration.   

Usually the condition of the retention in the ESSF, which was primarily subalpine fir, 
was not good (40-50% low vigour).  Groups12 were considerably more vigorous than 
dispersed retention, although the group retention in the ESSF was not as good as in other 
zones.  There was almost three times as much balsam as spruce in the dispersed retention.  
Yet, the dispersed spruce had similar health and vigour.   

The retained advance regeneration in the ESSF was also dominated by subalpine fir and 
was mostly non-vigorous, sometimes dead.  This does not necessarily mean that leaving 
retention in the ESSF is not worthwhile or that subalpine fir is a poor choice as a species, 
since trees with poor health may still contribute significant habitat value.   

The SBS and MS 
As in the ESSF, retention in the SBS and MS was opportunistic based on species, mostly 
utilizing Douglas-fir and aspen.   The SBS had a significantly higher amount of dispersed 

                                                 
9 Ken Zielke and Bryce Bancroft of Symmetree Consulting Group completed this analysis.  Because they 
did not collect the data and only visited several of the blocks assessed, many of the conclusions on a block-
by-block basis are stated as assumptions or speculation.  However, the recommendations reflect general 
trends and therefore the authors are comfortable promoting them as a recommended management practice. 
10 Dispersed trees are individually dispersed trees, not sheltered or supported by each other. 

11 Clumps are < 0.20 ha – Aggregates of trees twenty trees or more, providing mutual support and shelter. 
12 Groups are > 0.20 ha – Aggregates of trees that are mostly intact portions of the stand where trees 
shelter and support each other. 
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individuals and clumps of aspen retained (40%) than in the MS (10%), which focused 
mostly on Douglas-fir.  Total retention generally ranged from 5 to 12% of the original 
basal area.  The dominant pattern for retention was also in dispersed trees, followed by 
clumps with the occasional larger group.  This retention pattern may reflect the way in 
which Douglas-fir and aspen are distributed in the SBS and MS.   

Approximately 30-35% of dispersed Douglas-fir in the MS and SBS zones was found to 
be in poor condition.  However, most of these poor quality stems were in the smaller size 
classes (< 30 cm dbh).  Prior to harvest, these trees were likely under intense competition 
in moderately dense to dense stands of pine.  Most larger dispersed codominant or 
dominant Douglas-fir (> 30 cm dbh) were in good condition (75 to 80%), although some 
have declined in vigour since harvest, and a few have died.   

The ICH 
Retention in the ICH was consistent across all stand types assessed, mostly focussing on 
dispersed Douglas-fir with occasional birch, aspen and other species mixed in.  Most 
blocks used an open dispersed pattern, with some using clumps or several large groups.  
Levels of retention were low to moderate at 4 to 14%.  This approach maintained a high 
degree of openness in the resulting stands with good establishment and development of 
light-demanding species such as lodgepole pine.  In some cases however, dispersed 
retention appeared concentrated enough to potentially impact developing regeneration in 
parts of the block.   

Sometimes significant mortality occurred in dispersed leave trees due to root disease, 
creating a potential safety hazard in addition to being a logistic obstacle for future 
silvicultural treatments.  Except for the Pine dominant and the Douglas-fir leading with 
pine stand types, a high proportion (60-87%) of the retention was assessed as being in 
poor condition.  The poor health and vigour was attributed mostly to varying levels of 
root disease, and the use of birch, which deteriorates quickly when suddenly exposed.   

The IDF 
Retention in the IDF blocks was low to moderate at 3-17% (11% average).  Dispersed 
and group retention split the total retention almost evenly and dispersed and mixed 
(dispersed & group) patterns dominated block design.  As expected, most retention was 
in Douglas-fir, although a substantial proportion was in aspen.   

A significant portion of the retention was in poor condition (mostly 20-40%), although 
health and vigour was better than in other zones.  Health and vigour was probably best in 
the pine-dominated types (considering the variability) and the lowest health and vigour in 
pine leading Douglas-fir types.  Health and vigour was greatly influenced by root disease 
and to a lesser extent, pine beetle, Douglas-fir beetle, spruce budworm and sudden 
exposure.   

General Comments 
For all zones the average retention was approximately 10%, but ranged considerably on 
both sides of this average, with the greatest variation in the ESSF (0.1% to 31%).  In most 
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zones dispersed retention patterns dominated except in the IDF where dispersed and 
mixed (dispersed and group) are evenly split.   

Sometimes dispersed retention was concentrated in portions of the block, raising 
concerns for impacts on developing regeneration and creating obstacles for site 
preparation equipment.  This problem appears to be due to either broad prescriptions for 
retention (“leave all balsam below a specified size”), or cautious fallers concerned about 
meeting general block-level prescriptions (“leave a minimum of 20 Douglas-fir over a 
specified size”).  The fallers sometimes left the desired number of leave trees in the first 
third or half of the block felled to ensure the prescription was met, resulting in much 
higher concentrations of dispersed trees in portions of those blocks. 

A significant portion of the dispersed retention was in poor condition (health and vigour), 
but usually the majority was good (50-70%), except in most stand types in the ICH and 
the ESSF where the majority of trees were poor for a variety of reasons (Fig 1).   While 
sometimes health and vigour was influenced by the initial choice of leave trees (smaller 
codominants and intermediates), sometimes it was due to damaging agents such as root 
disease (especially in the ICH) and windthrow.  Occasionally, especially in the more 
extreme variants we suspect desiccation from sudden exposure contributed to the decline 
and even death of dominant Douglas-fir and birch. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. Health of the retention by major retention type – dispersed and aggregate (group 
and clump). 

Aggregate retention (group and clump) was mostly healthy with the exception of the 
ESSF, mostly due to mortality in balsam from a variety of sources.  The proportion of 
“unhealthy” trees in the group retention often contributed significantly to habitat as 
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wildlife trees.  Windthrow was generally localized due to small wet depressions or 
exposed ridges and not a major concern, however intrinsic windthrow hazard on most the 
blocks assessed was likely only moderate at worst. 
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SSSeeeccctttiiiooonnn   333:::   RRReeecccooommmmmmeeennndddeeeddd   SSStttrrraaattteeegggiiieeesss   fffooorrr   
SSStttaaannnddd   LLLeeevvveeelll   RRReeettteeennntttiiiooonnn   

General Layout Recommendations: 
LAYOUT STEPS 

1. REVIEW OBJECTIVES – WHAT DO YOU HOPE TO ACHIEVE BY 
LEAVING TREES BEHIND?  Ensure the objectives for retention are clear.  If 
biodiversity is the key concern, ensure you understand important objectives and 
considerations for biodiversity in the zone.  Where other objectives, such as 
visuals are relevant, clarify the implications for retention on the cutblock.   

2. CONSIDER THE CHARACTER AND CONDITION OF THE LANDSCAPE 
AROUND THE PROPOSED BLOCK – consider what the best approach is to 
deal with structural management in the entire landscape over time to meet your 
objectives.  Then plan your block in that context.  For visuals this may mean a 
light removal approach over a large area to lower the visual absorption capacity, 
allowing for more severe disturbances in the future.   

Not every block requires the same amount of long-term retention for biodiversity 
objectives (i.e. The Landscape Unit target).  For general biodiversity objectives 

consider: existing goals for the landscape unit, the 
extent and types of recent disturbances, the 
distribution of age classes, the diversity of stands 
and their structural elements, and the range of 
terrain features and ecosystems.   Ensure your block 
fits both now and over time with the management 
of the landscape to maintain an appropriate mosaic 

of natural diversity of habitats.  Some landscapes will allow for much more 
flexibility than others, however it is expected that stand level retention will vary 
from block to block to appropriately maximize retention benefits across the 
landscape unit.   

3. SAFETY – Whether you are doing the field recce or the final office design, have 
safety in mind at all stages of retention design.  Watch for danger trees and 
manage according to WCB regulations. 

4. MAP ALL CONTROL POINTS - At the preharvest stage map out the location of 
all control points which may influence block design.  These include: 

a. Engineering control points – These are the obstacles to proper skidding or 
yarding patterns that are normally the focus for preharvest reconnaissance. 

b. Economic control points – Those portions of the stand that provide the 
greatest economic opportunity. 

For considerations specific to 
each biogeoclimatic zone – SEE 
the recommendations that follow 
these layout steps. 
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c. Biological control points or “biological anchors” – These are key 
biological features that will contribute to habitat diversity on the block 
(see below).  When locating the biological anchors on a map provide notes 
about their features and the benefits that they may contribute.   

5. ASSESS THE POTENTIAL RETENTION 
FOR WINDTHROW RISK: 

a. Rank potential retention sites for 
windthrow risk (and/or snow breakage 
and windsnap) based on their likelihood 
of remaining standing.  Consider exposed edges of groups and portions of 
the block with dispersed retention.  Use the Windthrow hazard and risk 
assessment procedure (Mitchell 1998) where required to assist in this 
assessment.  

b. Characterize the expected blowdown - Estimate the amount of blowdown 
(% of basal area), penetration into groups, and the types of trees expected 
to fall.  The windthrow hazard and risk procedure will help with this as 
well as experience on similar blocks. 

c. Assess the impact or consequences of the estimated potential blowdown -
based on: resource management objectives and economic value.  Pay close 
attention for potential pest problems (e.g. Douglas-fir Beetle), the potential 
to destabilize slopes or streambanks, and lost volume of high value 
sawlogs.   

d. Determine if windproofing or salvage activities are required and plan 
accordingly.  Based on the amount and type of blowdown expected and its 
consequences, there are four potential options for the manager, either:  

i. Develop a future salvage plan – in moderate windthrow risk 
situations where the remaining leave trees will still meet the 
management objectives, there is sufficient cumulative value in the 
blowdown, and the blowdown can be salvaged in a manner which 
will protect soil, regeneration and other values 

ii. Accept the blowdown and leave as coarse woody debris  - a good 
strategy if the remaining retention still meets your objectives, the 
resulting blowdown has marginal economic value and does not 
threaten any resource management values.  Often 30 to 50% 
blowdown in some groups may still allow you to meet your 
structural objectives  This amount of blowdown may be best left 
on site if it doesn’t threaten other management objectives or values 
and it is uneconomic, or very difficult to salvage without added site 
damage.  This is a decision that may be questioned so it is best to 
start this discussion at the layout stage, before the blowdown even 
occurs. 

iii. Adjust the layout of the retention – you may change the boundaries 
for group retention or leave different types amounts or 

For more information on 
biological anchors, SEE the 
recommendations that follow 
these layout steps. 
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distributions of dispersed retention and clumps if necessary to 
bring expected blowdown down to acceptable levels.  Remember 
your goal is not to eliminate blowdown but make it more 
manageable, while still meeting your objectives. 

iv. Windproof individual trees in the dispersed retention or along 
group edges.  This is generally done by feathering edges or topping 
and/or top-pruning either with helicopters and special shears or 
manually with tree climbers.  Only consider feathering where the 
risk is moderate and you can reasonably predict the trees that will 
blow down (so you can take these out ahead of time in the initial 
harvest).  Topping or top-pruning are expensive options and should 
only be done where there are significant consequences and 
liabilities at stake. 

6. ASSESS THE POTENTIAL RETENTION FOR OTHER RISKS – Windthrow is 
not the only risk to your retention.  Consider: losses to root disease, sudden, 
desiccating exposure, animal damage, firewood cutters and other impacts.  As 
with windthrow, consider not just the likelihood of loss, but also the potential 
impacts of the dead trees.  Some losses will be inevitable and often desirable since 
dead trees and coarse woody debris are important habitat structures.  However, we 
want to ensure that we still meet our objectives. 

7. STANDARD BLOCK LAYOUT - In the field determine the optimum road 
location, and potential landing sites.  Often few options exist to alter road 
location, however you may have some latitude for landing location.  Identify just 
how much latitude for change you have.  Determine optimal 
yarding/skidding/forwarding distances, patterns and directions.  Are there options 
to modify yarding/ skidding / forwarding around retention while maintaining an 
efficient design? 

8. OPTIMIZE THE RETENTION DESIGN - Do a preliminary engineering design 
(paper plan) to help choose the optimal location and size of groups and possible 
locations for added dispersed retention.  At this time you want to try layering the 
engineering control points, economic control points and biological anchors on 
your map and then design the retention to maximize the use of all of them.  Think 
about the flow of the wood to the potential landing sites.  You may have some 
latitude to change landing locations or your harvesting equipment as well.   

You want to choose the location of your group and larger clumps first.  These will 
utilize the larger biological anchors in the block and should usually meet your 
prescribed retention target.  By mapping these you can roughly determine if the 
target is met using % area as a equivalent to % basal area.  Small clumps or 
individual trees can be added after that where they fit best with the characteristics 
of the stand and your objectives.   

Utilize as much of the retention left on the block as possible to count toward your 
Wildlife Tree Patch (WTP) requirement.  The Ministry of Forests has guidelines 
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for functional WTP’s that may not allow all of your inblock retention to count.  
However, the goal is to avoid redundant WTP’s appended to the block when 
sufficient structure is already present. 

9. REVISIT THE STAND - You may wish to revisit your design with several folks 
on your prescription and layout team, both in the office and in the field to check 
the boundaries of some groups and/or specific individual leave trees, before the 
block boundaries are finalized.   

a. Ensure the final design fits with the prescription or site plan, its objectives 
and the anticipated future treatments.  Avoid leaving unnecessary 
overhead hazards for planting crews, or excessive obstacles for site 
preparation equipment. 

b. For complex retention patterns, particularly with either cable or helicopter 
yarding, review the layout, preferably on the ground, with your logging 
supervisor and contractors.  Discuss tricky falling or yarding situations 
and seek alternatives.   

c. The goal in the end is to optimize the pattern for the efficiency and 
effectiveness of harvesting and silvicultural treatments while meeting 
objectives for biodiversity.  

10. MARKING OR PROVIDING GUIDEANCE FOR FALLERS CHOICE - Groups 
(0.25 ha +) are best marked in the field and mapped prior to logging.  This will 
simplify logging and ensure objectives are met.  Smaller clumps and individual 
dispersed trees may be left using faller discretion.  To provide direction for falling 
consider dividing the block on the logging plan map into sections with specific 
instructions for each zone, such as: “Leave a clump of aspen” or “leave two 
veteran Douglas-fir a minimum of two tree lengths apart”.  Map scales of 1:5000 
work very well for this function.  Be specific and clear.  This should ensure the 
distribution desired. 
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Strategies for Small blocks 

 
Rationale: 
The goal should be to optimize your retention layout for both biodiversity objectives and 
efficiency of forestry operations.  To understand the importance of retention in your 
cutblock you need to understand the landscape context – the character of the landscape 
(diversity of natural habitats and disturbance regimes, terrain features etc.) and the 
condition (current age class distribution, impacts from past harvesting and other 
disturbances).  Retention is much easier to plan on a large block, as you have a range of 
engineering control points and biological anchors to work with.  As block size gets 
smaller not only is it harder to plan retention, but it becomes less necessary to have any 
retention, for obvious reasons.  When planning small blocks it is best to think about how 
they will work together with adjacent leave areas over time to provide necessary patterns 
at the landscape level. 

Choice of anchors 

• Avoid excessive stand level retention in small blocks.  It is critical to think about 
retention at the stand level in context with the desired design for the landscape and 
the opportunities that exist throughout the landscape for retention.  If numerous 
opportunities exist for retention around the proposed block, but few exist in it, 
clearcutting is likely your best option.  

• Usually, as block size drops below 10 ha a few strategically placed clumps will be 
sufficient.  As block size goes below 5 ha, the rationale for any retention within the 
block should be carefully scrutinized.  

Locate retention to utilize natural biological anchors, looking for:  

• Special ecosystems such as riparian areas, wetlands, dry rock outcrops, ravines, or 
unique ecosystems with less common assemblages of plants.    

• Small streams or non classified drainages that normally are not required to have 
reserves may be targeted, however narrow ribbons of retention should be avoided 
due to susceptibility to blowdown.  Instead locate intermittent robust-sized groups 
focused where they include the best habitat features.  You want the group to be 
wide enough to force the wind up and over the retention rather than blowing 
through it.  The windward side of these groups should be in well-drained windfirm 
ground.  

• Desirable habitat structures such as clusters of snags, clumps of aspen, or other 
areas of concentrated high structural diversity.   

Where key local wildlife species are a concern (at risk or focal species), specific 
attributes may be desired and will help anchor potential groups (e.g., large-limbed trees 
for nesting sites).  SEE ALSO: the more detailed direction  that follows by BEC units 



Stand Level Retention Strategies for Tolko Industries 
Thompson Woodlands   FIRST APPROXIMATION - March 31, 2003 

35 

Rationale: 
To maximize biodiversity it only makes sense that you should maximize the diversity of 
structures retained on the site.  To do this you want to key on as many less common 
structures as possible since generally by default there will be plenty of leave areas across 
the landscape resembling the general matrix.  Often these biological anchors overlap with 
your engineering control points to provide a win-win situation for biodiversity and 
logging logistics.  

Snags and Wildlife Trees 

Rationale 

While retention will often develop into snags over time, there can easily be a lack of 
snags in a heavily logged landscape.  Therefore, concentrations of snags are desirable as 
biological anchors.  Yet the inherent safety concerns associated with these structures 
suggests that preference should be to include snags in the centre of a group.  Sometimes a 
clump can be used depending on the size of the snag and its lean. 

Wildlife trees (live trees with old characteristics) often hold great value for habitat with 
little economic value.  These are obvious candidates to anchor retention on, especially 
when they are windfirm, as they often are due to broken tops. 

Snags should form the center of groups when available and logistically possible. Snags 
on the edge but leaning into a patch may also be possible. Short snags with large 
diameters (> 30 cm dbh) or live trees with some decay features (dead or broken tops) 
may be better candidates from a safety perspective. 

Anchor groups1 or clumps1 on wildlife trees, where wildlife trees > 30 cm dbh are 
available and can be left safely. 

Utilize as much of the retention on the block as a contribution to the WTP requirement 
as possible. 
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Principles for choosing desirable leave trees (individuals or as anchors for 
clumps): 

 

 

THESE LEAVE TREES SHOULD HAVE ALL OF THE FOLLOWING: 

1. Significant Value to meet Biodiversity (or other) objectives – There is little 
point in leaving retention unless it has ecological value for general biodiversity 
objectives.  However, if visual sensitivity is a more important concern, then the 
retention should have significant value for visuals. 

Generally for biodiversity we are looking for: 
• Old features – heartrot, broken tops, thick, fissured bark. 
• Large diameter – should be greater than 30 cm. 
• Large limbs. 

2. Longevity as a structure – This means the tree should be sufficiently windfirm 
and healthy to provide structural benefits through a good portion of the next 
rotation.  This does not mean the tree has to live through the entire rotation, 
since dead trees have lots of value.  Ideally you want the tree to last through as 
much of the rotation as possible.  For some species, like aspen, there is a 
tradeoff, since they may not last more than 20-30 years, however their ecological 
value is so great that it compensates for a lack of longevity.  Also, you want to 
be sure to meet principle 3. 

Generally Longevity means: 

• Windfirm – depends on species, but should have good taper (ht:diameter 
ratios less than 80 are preferred and over 90 should be avoided).  Rooting 
should also be in well-drained, deep soils.  Avoid trees in wet ground or on 
smooth rock. 

• Sufficient health and vigour – To survive and function ecological through 
much of the rotation.  Look for good full crowns with normal colour.  
Also, wounds from logging damage should be minimized.  Advanced 
regeneration should have some apical dominance (pointed crowns), thirty 
percent or more live crown and normal colour and health. 

3. Safe through the expected silvicultural treatment windows – Trees may have 
high ecological value (meeting principle #1) and still pose safety concerns in the 
short term for site preparation, planting or brushing crews.  Heart rot and root 
disease may be present, but should not pose a risk through the short term.  While 
safety and longevity may key on similar features, safety is critical and should be 
emphasized as well.  
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Rationale: 
When choosing leave trees as individuals or as anchors for clumps, there are two 
seemingly diametrically opposed principles involved.  One is to choose healthy long-
lasting trees, and the other is to choose trees with high ecological values, which may 
include many “unhealthy” attributes.  The optimum choice will be a balance of these 
concepts to leave a tree that contributes significant ecological value over a major portion 
of the next rotation.  At the same time you want to have a safe work area around the tree 
or clump. 

 

Distribution of Retention 

 

Rationale: 
The focus is to aggregate retention, while striving for a natural distribution.  There are 
several reasons for this.  First, most conservation biologists prefer aggregates as a general 
rule (Jerry Franklin 1999).  Secondly, uniform dispersed individual leave trees have a 
potential for a much higher impact on growth of developing regeneration, even at 
relatively low levels.  Zielke et. al (2002) estimated that volume production over time can 
be reduced (relative to clearcutting) by almost 30% with uniform long term retention of 
15 m2/ha of dispersed individuals in the ICHdw, when modeling stand development with 
PrognosisBC.  Acker et. al (1998) found more than a 20% reduction at 10 m2/ha of 
uniform dispersed retention, and almost a 40% reduction with 15m2/ha in two-aged 
stands in the Williamette National Forest in Oregon.  Similar findings are emerging from 
modeling elsewhere in BC (Smith, 1999, and Temesgen 2003). 

In all cases, choose retention trees, clumps and groups that make the most sense to leave 
from an operational perspective (e.g., those with desired biological attributes where they 
do not impede safe harvesting).  Check the recommendations by BEC zone that follow 
however consider: 

a. Clumps and groups are favoured over individual trees since they allow 
significant retained volume, but with considerable open area between.  A few 
additional widely spaced individual trees may be desirable especially where 
these trees have good attributes as biological legacies. 

b. Spacing of clumps or isolated large individual trees should be at leave 1.5 
tree lengths apart to facilitate logging and future silvicultural treatments. 

c. Some variation in spacing of groups, clumps and individuals is the desired 
outcome.  Avoid uniformly spaced individual leave trees. 

Focus on natural clumps in the preharvest stand.  These are often found either growing 
tightly together as in aspen or birch clumps, or are located in a discreet preharvest stand 
opening as in balsam clumps in the ESSF.  Balsam clumps that have a rounded 
appearance (shorter trees on the outside of the clump) are ideal in this regard. 



Stand Level Retention Strategies for Tolko Industries 
Thompson Woodlands   FIRST APPROXIMATION - March 31, 2003 

38 

Recent results support the intuitive conclusion that if retained trees are clumped rather 
than dispersed with significant gaps between these clumps, growth reductions may be 
relatively small even for shade intolerant species like Douglas-fir (Palik et al. 1997; 
Coates 1998, Wright et al. 1998; Drever and Lertzman 2001).   While definite advantages 
exist with growth in aggregated retention, an added benefit is more efficient logging and 
silvicultural operations such as mechanical site preparation.  As well, root disease can 
contribute to significant retention mortality soon after harvest.  If these dead trees are 
dispersed throughout the block, they can become a safety hazard for silvicultural 
treatments like planting and brushing.  One drawback to a focus on group retention is that 
often retention volumes are higher, although this does not necessarily have to be the case. 

Root Disease 

 
Rationale 
The objective is not to eliminate root disease, which is a natural part of these ecosystems.  
However, the intent is to work intelligently to minimize unnecessary losses while 
maintaining an safe and efficient work environment and meeting goals for biodiversity. 

• In portions of the block infected with root disease, either: 

o Retain clumps or groups of aspen or birch, 
o Utilize intact infection centres with a mix of deciduous and conifers as 

group retention, or 

o Clearcut this portion of the block and consider stumping or other 
treatments to deal with the root disease. 

• For areas infected with a moderate incidence of laminated root rot, harvest the 
root rot centers, reforest with tolerant to moderately susceptible tree species and 
minimize natural regeneration of highly susceptible tree species, such as Douglas-
fir or true firs.  

• Alternatively, where root rot centers are left, stump and/or plant tolerant species in 
a protective buffer around the patch.   
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High Windthrow Hazard blocks 

 

Rationale 
The recommendations above follow those provided by Mitchell (1998) and Mitchell and 
Zielke (2000).  Few cutblocks in this area are expected to have a high windthrow risk 
throughout, but rather portions of the cutblocks, especially where drainage is poor, or 
rocky exposed sites where rooting is also restricted.  Often though these sites are 
desirable for retention due to the structure and habitats they offer.  For this reason these 
portions of cutblocks may require protective measures to avoid excessive blowdown from 
endemic winds. 

Generally these recommendations apply to only a small portion of the landscape, as most 
of the landscape has a moderate windthrow hazard.  In these areas, depending on layout 
design and the stand structure, 5 to 15% of partial-blowdown can be expected in retention 
that may be left (Appendix 2).  This type of blowdown should not threaten stand 
structural objectives at all, but may raise concerns in some stands around issues such as 
Douglas-fir beetle and therefore prompt salvage operations.  Therefore each cutblock 
should have windthrow risk considered as suggested in this section (SEE Layout Steps). 

With wide use of retention in cutblocks, higher potential blowdown can be expected from 
occasional catastrophic winds, either localized from summer storm cells, or unusual 
frontal events.  While they can inflict heavy damage to partial-cut stands with only a 
moderate risk to endemic winds, catastrophic events rarely result in 100% blowdown and 
are highly variable and unpredictable in how they impact portions of the landscape.  In 

Cutblocks with high intrinsic windthrow hazards generally have some rooting 
restrictions, often with wet or non-cohesive soils, and an exposed topographic position.  
Usually high hazard areas also have stands that are relatively even-aged and moderately 
dense so that most trees developed in a relatively sheltered fashion.  In these cutblocks 
there are several options: 

• Clearcut and manage less susceptible stands in the landscape for retention.  
Still assess and manage windthrow risk on the edges of the cutblock. 

• Leave only: short trees such as advanced balsam regen that have developed 
in a small opening in the stand or, either broken-topped or dead-topped 
large diameter trees (limited crown and/or height). 

• Leave groups and/or strips of retention separated by narrow openings to 
minimize the fetch between edges and not allow the wind profile to 
penetrate too far into the opening.  Anticipate the some salvage 
opportunities. 

Leave carefully selected leave trees and top or top prune to reduce the windloading and 
the subsequent torque around the base of the tree.  This is costly - only consider where 
you absolutely must leave something and no other options are available. 
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such an event on Northern Vancouver Island close to Campbell River in December, 2001, 
Rollerson et. al. (2002) found 30 to 70% blowdown in almost half of groups in affected 
cutblocks.  Risk of blowdown from these unusual events cannot be estimated. 

Mountain Pine Beetle and Pine Removal from groups or clumps  

 

Rationale 
Mountain pine beetle concerns can make elegant retention prescriptions impossible.  
Many blocks have been logged in the past by taking all the pine and leaving the rest.  
While this may result in a good distribution of retention, serendipity is not the best way to 
optimize layout design.  Sometimes heavy concentrations of retention in significant 
portions of the block can result when large groups of retention are left with only the pine 
removed.  Serious growth impacts to understory planted trees may follow.   

To minimize these situations, it is suggested that layout personnel consider if they can 
apply the two options suggested above.  In some situations this may not be possible, and 
other alternatives need to be sought.  The key concepts to remember are: (a) You want to 
avoid (if possible) a regeneration obligation in partial-cut groups when the growth of that 
regeneration may be seriously impaired, and (b) Anything that can be done to simplify 
the retention distribution (well-separated clumps rather than uniformly dispersed 
retention) will improve efficiency and reduce costs of operations. 

Mechanical Site Preparation and Retention 

Rationale: 
Even minor injury to roots can introduce significant decay and weaken the entire tree, 
especially if the injury is close to the bole.  Where disturbance to root systems is 
significant, as in some stumping treatments, the leave trees may be destabilized and 
blowdown could result. 

As a general rule, avoid partial harvest of groups or clumps, especially where 
windthrow risk is moderate or greater.  Where groups have a pine component requiring 
harvesting, try to either: 

1. leave the groups at greater than 60% of the original basal area to avoid a 
regeneration obligation and maintain intrinsic stability, or 

2. break the group up into discreet clumps spaced apart to allow for regeneration 
between. 

• Provide leave trees (individuals, clumps and groups) with a five-metre buffer 
when disc-trenching and or stumping.   

• Widely spaced clumps and groups, with an occasional large individual dispersed 
tree will provide for greater treatment efficiency and lower impacts on leave trees 
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Silvicultural Surveys and Retention 

Rationale: 

Some companies on the Coast prefer option 1 with retention systems, because their 
retention occurs in clumps and groups and can be easily mapped on the 1:5000 block 
maps normally used.  In the Interior, where partial cutting is applied in large blocks with 
a diversity of retention, mapping retention may be difficult.  In these blocks a survey is 
required that recognizes the growing space occupied by long-term retention and 
accurately assesses the opportunities for successful regeneration.   

The current multi-storied stocking survey may work in situations where the resulting 
structure is distinctly multi-storied, especially in dry-belt IDF Douglas-fir .  In other 
situations a different survey may be better.  Some new approaches to silvicultural surveys 
in partial cut stands are currently being developed and may provide some future options 
(Martin 2003). 

ESSF Retention Strategies 
The strategies that follow repeat some the general concepts already outlined but tries to 
do so in the context of the zone and associated natural disturbance type (NDT). 

Amount Of 
Retention In 
The Essfwc2 
(NDT1) 

• While an acceptable range for long term stand level retention 
is from 0 to 30%, target the majority of blocks for 10 to 20% 
retention, where it fits best with stand level features (available 
biological anchors) such as old windfirm veterans and special 
habitats like riparian features or rocky knolls.   

 • The character and condition of the local landscape should also 
be considered before determining exactly where and when this 
target should be applied.  Clearcutting some stands is 
acceptable.   

 

There are two options for retention blocks: 

1. Use mostly group and clump retention, mapping them accurately on the block map.  
This retention can be excluded from the Net Area to be Reforested (NAR) and 
survey as in a clearcut. 

2. Use a survey procedure that will recognize the proportional growing site occupied 
by larger leave trees. 
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 • Some stands may also require higher levels of retention, 
perhaps with multi-pass systems to meet specific management 
objectives such as visual quality. 

Levels Of 
Retention In 
The Essfdc 
(NDT3) 

• Target retention to be widely spread over a range of 0 to 30% 
retention at the stand level, where it fits best with stand level 
features (available biological anchors) such as old windfirm 
veterans and special habitats like riparian features or rocky 
knolls.  The character and condition of the landscape should 
also be considered before determining exactly how retention 
should be distributed.   

Retention 
Patterns • Focus on retention of clumps and groups in all NDT types, 

with adequate space between for reasonable regeneration of 
preferred species.  Avoid significant blowdown of spruce 
where barkbeetle is a concern.  Where possible try to provide 
a good mix of groups and clumps. 

Advanced 
Regen • Minimize the use of advance subalpine fir regeneration to 

retention of widely-spaced (50-150 m) small to medium-sized 
clumps, avoiding excessive growth impacts from these mostly 
non-vigorous trees.  Use these clumps in large clearcut 
openings where no other retention is found for a considerable 
distance.   Choose intact clumps in discreet openings in the 
preharvest stand. 

High Densities 
Of Balsam 
Residuals 

• Avoid generic prescriptions to “Leave all balsam below a 
threshold size” where high densities of mid-canopy to lower 
canopy subalpine fir exists preharvest (> 30%, well-
distributed), sufficient to significantly impact planted trees 
where all of it is left.  Either: 

a. Mark widely-spaced clumps prior to harvest, or train fallers 
to select clumps with desired characteristic a prescribed 
distance apart (30 – 200 m apart).  Minimize or avoid partial 
harvest of groups or clumps. 

b. Option (a) may be costly if fallers must cut a large number of 
submerchantable trees between the leave clumps.  An 
alternative is to leave all trees under a certain size at harvest 
as is currently the case.  Then if these residuals are 
excessive, use a silviculture crew some time after harvesting 
to cut dead and damaged trees, leaving a more desired 
distribution and pattern.   

Large Trees (> 
40 Cm Dbh) • Larger trees (> 40 cm dbh) should be incorporated into intact 

groups where they are reasonably windfirm and fit with the 
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harvesting approach.  

Snags/ Wildlife 
Trees 

• Continue to anchor groups of retention with high numbers of 
dead or dying subalpine fir, providing that the work area 
around the groups can be made safe as per WCB regulations. 

 

Rationale: 
Stands in the ESSF are often influenced by layered disturbance regimes of varied 
severity.  Generally this favours a cycling of shorter lived but highly tolerant balsam 
among the longer-lived spruce in the stand.  When this is the case, prolific balsam of all 
sizes may result.  Clumps of these trees may provide for beneficial retention or advanced 
regeneration (for a range of species, mostly birds).  In irregular stands with frequent gaps, 
this type of retention can be excessive and therefore require some guidance to avoid 
heavily impacting regeneration and operations. 

Layout crews used to focussing on balsam for retention should remember to consider 
occasionally leaving some larger groups with a good mix of ESSF species and structures 
intact. 

Using silvicultural crews rather than fallers to deal with residual small balsam may be a 
less expensive option where such trees are excessive enough to reduce substantially 
falling productivity.  For more detailed rationale behind these strategies, consult Section 1 
and Section 2. 

MS and SBS Retention Strategies 
The strategies that follow repeat some the general concepts already outlined but tries to 
do so in the context of the zone and associated natural disturbance type (NDT). 

Amount Of 
Retention 

1. Target retention to be widely spread over a range of 0 to 30% 
retention at the stand level, where it fits best with stand level 
features (available biological anchors) such as old windfirm 
veterans and special habitats like riparian features or rocky 
knolls.  The character and condition of the landscape should also 
be considered before determining exactly how retention should 
be distributed.  

 2. Blocks with higher levels of retention (15-30%) should generally 
utilize some larger groups for retention pattern, capitalizing on 
suitable anchors, or designed to meet specific management 
objectives.  
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Subalpine fir 
and spruce 
advanced 
regeneration 

3. Minimize the use of advance subalpine fir regeneration to 
retention in widely-spaced (50-150 m) small to medium-sized 
clumps, avoiding excessive growth impacts from these mostly 
non-vigorous trees.  Utilize these clumps in large clearcut 
openings where no other retention is found for a considerable 
distance. 

Douglas-Fir 
And/Or 
Aspen (Other 
Lesser 
Species) 

4. Anchor retention on mature Douglas-fir and aspen.  Utilize 
spruce and/or other species where they can be left inside intact, 
windfirm clumps and groups.   

5. Avoid generic prescriptions, such as to “Leave all Douglas-fir 
and aspen ” where significant proportions and coverage of 
these species exists preharvest.   

6. Focus retention as groups or clumps centred around 2 or more 
larger (30 cm + dbh) healthy Douglas-fir and/or natural clumps 
of aspen where they occur.   Avoid partial harvest of groups or 
clumps as much as possible. 

Few anchors 
in matrix 
pine 

7. May need to leave some patches of intact pine to break up the 
area and meet your management objectives where other 
anchors do not exist.  These should be at least 0.25 ha in size 
and at least two tree lengths wide and to promote windfirmness 
and maintain structural integrity.  Second pass harvesting may 
occur in these areas – if so, consider larger groups to facilitate 
an economic entry. 

8. Another option for structure in these stands may be widely 
spaced clumps of pine stubs (3 – 5 m) for structure in the next 
stand.  Focus on clumping stubs together to fit with harvesting 
and future treatments.  Try to include some larger (35 cm+ 
diameter) stubs if available. 

Dispersed 
Douglas-fir 

9. Avoid leaving mostly dispersed individuals.  Occasional 
dispersed retention of large Douglas fir (> 40 cm dbh) is a 
reasonable option as a long-term wildlife tree.   

10. Overall, avoid leaving dispersed individuals with poor health 
and vigour, except when there is no other leave tree options 
and these trees are left as occasional occurrences in open areas, 
where obstruction of silvicultural treatments is not a concern.   

Rationale: 
The MS and SBS are dynamic landscapes with frequent large disturbances.  Retention 
patterns and plans should focus more on the landscape.  However, because less stand 
level opportunities may be present, where biological anchors, such as Douglas-fir 



Stand Level Retention Strategies for Tolko Industries 
Thompson Woodlands   FIRST APPROXIMATION - March 31, 2003 

45 

veterans, clumps of aspen and concentrations of riparian vegetation are found, they 
should be utilized. 

As extensive pine stands may be found in these variants, there are some 
recommendations for leaving groups of pine.   These should be approached with caution.  
Stubbing has been shown to have potential for providing some structure for cavity 
nesting and bark-foraging birds, and may be helpful where few options exist.  Stubbing 
will eliminate blowdown concerns in pine clumps.  Also, clumping stubs will improve 
operational logistics.   

Again, place the need for stand level retention in the context of the landscape before final 
decisions are made.  For more detailed rationale behind these strategies, consult Section 1 
and Section 2. 

ICH Retention Strategies 
The strategies that follow repeat some the general concepts already outlined but tries to 
do so in the context of the zone and associated natural disturbance type (NDT). 

Amount of 
Retention in 
ICHmw3 
(NDT2) 

1. While an acceptable range for long term stand level retention is from 
0 to 30%, target the majority of blocks for 5 to 15% retention, where 
it fits best with stand level features (available biological anchors) 
such as old windfirm veterans and special habitats like riparian 
features or rocky knolls.  The character and condition of the local 
landscape should also be considered before determining exactly 
where and when this target should be applied.  Clearcutting some 
stands is acceptable.  Some stands may also require higher levels of 
retention, perhaps with multi-pass systems to meet specific 
management objectives such as visual quality. 

Amount Of 
Retention in 
the ICHmk2 
(NDT3) 

2. Target a range of 0 to 30% retention at the stand level, where it fits 
best with stand level features (available biological anchors) such as 
old windfirm veterans and special habitats like riparian features or 
rocky knolls.  The character and condition of the landscape should 
also be considered before determining exactly how retention should 
be distributed.   

DOUGLAS-
FIR 
AND/OR 
ASPEN 
(OTHER 
LESSER 
SPECIES) 

3. Anchor retention in groups or clumps centred around 3 or more 
healthy Douglas-fir and/or natural clumps of aspen and or birch 
and/or other lesser species such as white pine.  Minimize or avoid 
partial harvest of groups or clumps.  

4. Where birch is used as an anchor, to minimize windsnap and tatter, 
leave a substantial clump or group possibly with some conifers to 
provide mutual protection from wind, rather than leaving individual 
birch or small clumps of two or three individuals.  
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High 
Proportions 
of Douglas-
fir (or aspen) 

5. Avoid generic prescriptions, such as to “Leave all Douglas-fir and 
aspen ” where high densities of these species exist preharvest.  
Unless multi-entry silvicultural systems are being applied, avoid 
significant block area in concentrated individually dispersed 
Douglas-fir and/or aspen in the ICH.  Occasional large dispersed 
Douglas-fir vets or aspen should be used where they are healthy and 
less susceptible to windthrow, and clumps and groups are not an 
option. 

Available 
advance 
regeneration 
in the 
understory 

6. Incorporating understory redcedar and hemlock (or spruce and 
balsam) in clumps or groups of retention are acceptable. Space out 
the clumps or groups at least one and one-half tree lengths apart (or 
more).  Avoid excessive use of advanced regeneration unless it can 
be demonstrated that it is vigorous, ecologically acceptable, and 
suitable for future objectives. 

 

Old Growth 
veterans 

7. Leave a mix of structures, keying on large vets as anchors.  Utilize a 
mix of clumps and groups, as well as scattered individuals if unique 
and safe, to provide a varied mix of retention. 

Dispersed 
Retention in 
CwHw 
stands 
 

8. Generally try to avoid dispersed retention in cedar-hemlock stands.  
However, occasional windfirm Cw (high taper and/or large 
diameter, sparse crown or dead / broken top) are acceptable.  Avoid 
dispersed Hw retention – instead focus on small clumps and groups. 

Spruce-
Balsam vets 
and snags 

9. Large windfirm spruce and or balsam may be best used as anchors 
for group retention.  Utilize dead trees where found and leave in 
groups that meet WCB safety requirements. 

Rationale: 
The ICH is probably the most dynamic zone in the Tolko operating area with the range of 
tree species it supports, and its multi-dimensional natural disturbance regimes and variety 
of disturbance agents.  For this reason, leaving retention in this zone can be a challenge, 
often with disappointing results.  Root disease in Douglas-fir, exposure damage in birch 
and blowdown in general can all contribute to losses.  For this reason, retention is best 
left in groups or substantial clumps.  Where root disease is a concern, consult the 
recommendations for root disease (SEE : General Layout Recommendations – earlier in 
this section). 

In the ICH as in the ESSF, some stands may have a considerable amount of non-
merchantable sizes and/or uneconomic species.  While some of these may be used as 
retention, too much retention of these trees can have a significant impact on developing 
regeneration and therefore must be avoided.  For more detailed rationale behind these 
strategies, consult Section 1 and Section 2. 
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IDF Retention Strategies 
The strategies that follow repeat some the general concepts already outlined but tries to 
do so in the context of the zone and associated natural disturbance type (NDT). 

NDT4 and 
Multi-Aged 
Systems 

1. Not all stands should be approached with multi-entry partial cutting 
systems to emulate light intensity disturbance in the NDT4 variants.  
Instead, a range of partial cutting approaches should be used to 
maintain the natural mosaic on your specific landscape. 

Amount of 
Retention and 
General 
Patterns 

2. Particularly when most, or all of the stand is even-aged (including 
stratified even-aged mixtures as in the IDFmw), it may be best to use 
clearcut with reserves, or the retention system to retain a mix of 
individual trees, small clumps and patches. 

3. While an acceptable range for long term stand level retention is from 0 
to 30%, target the majority of blocks for 5 to 20%.  The preharvest 
stand structure and potential anchors should dictate the actual amount 
on a block.  Stands with higher levels of pine, and less aspen may be 
good candidates for lower levels of retention at 5%, focussing on 
small clumps of codominant and scattered dominant Douglas-fir.  

4. Multi-entry systems or one-pass systems with moderate to high levels 
of retention per entry (30-50%) may best be applied in dry, Douglas-
fir dominated stands that are already strongly muti-aged.  Retention 
levels will vary by stand and may depend on non-timber objectives. 

Retention 
Patterns 

5. Emphasize aggregate retention in groups and small clumps. Outside of 
root rot areas, locate clumps around 3+ healthy Douglas-fir dominants 
or larger codominants and/or natural clumps of aspen.  Try to space 
these out at least one and one-half tree lengths apart (or more).   

Aspen Clumps 
/ Groups 

6. Utilize aspen clumps and groups as retention (especially where you 
can incorporate aspen in the early stages of decay) to provide habitat 
for the range of cavity nesting birds.  Ensure aspen riparian reserves 
on the edges of marshes and lakes are relatively windfirm or suitably 
buffered to maintain longevity. 

7. Where aspen clumps or groups are left, keep the original preharvest 
clump intact to protect it from sudden exposure, and reduce suckering.  
Where clumps or small groups of aspen have scattered conifers, 
consider retaining the conifers to maintain clump integrity. 
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High 
Proportion 
and cover of 
Douglas-Fir 
and/or Aspen 

8. Where abundant opportunities exist for this Douglas-fir and/or aspen 
retention uniformly over a large area, use clumps and groups and vary 
spacing from one tree length (minimum) to five tree lengths.  

9. Avoid generic prescriptions, such as to “Leave all Douglas-fir and 
aspen over a certain size ” where high densities of these trees exist 
preharvest.  Unless multi-entry silvicultural systems are being applied, 
avoid significant block area in concentrated individually dispersed 
Douglas-fir and/or aspen in the ICH.   

10. Occasional large dispersed individual Douglas-fir vets or larger aspen 
should be used where they are healthy and less susceptible to 
windthrow to provide some diversity or as an alternative where 
clumps and groups are not an option. 

 

Rationale: 
The moister IDF variants have similar challenges to the ICH with many species and much 
more complex disturbance patterns and agents.  Many of the recommendations for the 
ICH will also apply in these variants.  Even in the drier IDF variants, simple one-pass 
retention systems with groups and clumps of Douglas-fir and aspen may allow for a much 
less complicated prescription while providing similar structural benefits as the more 
traditional multi-entry uneven-aged (selection) approaches.  Diversity is the key.  Pay 
attention to the subtle differences in natural disturbance subsequent patterns. 

Aspen is particularly important in this zone as a retention species for biodiversity due to 
its importance for cavity nesting birds. 

For more detailed rationale behind these strategies, consult Section 1 and Section 2. 
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INTRODUCTION: 
 

Social expectations of the forest industry have increased in recent years regarding 

sustainable ecosystem management, biodiversity, structural diversity, visual quality, 

wildlife habitat and water quality issues.  As a result forest management has undergone 

some significant changes, from the selection and criterion of silviculture systems to the 

size and shapes of blocks. One of these changes has been the implementation of 

“Variable Retention" harvesting in some areas of British Columbia.  Variable Retention, 

as defined by Franklin et. Al (1997) and subsequently Zielke and Bancroft (1999) and 

Beese W.J. (2000) describes a harvesting method in which structural elements of the 

existing stand (i.e. standing trees) are retained for at least the next rotation across a 

harvested area to achieve specific silvicultural, social, ecological, habitat, biodiversity 

and economic goals. 

In the summer of 2002 Tolko Louis Creek developed a review methodology to 

assess the status of leave trees retained between 1990 and 1997.  The study focused on 

three categories of retention; single and dispersed mature trees, groups of mature trees 

and advanced regeneration.  Within each category the trees were classified as healthy or 

unhealthy based on their current condition. 

The main objective of this study was to improve our understanding of the results 

we should expect from leave tree strategies associated with the variable retention 

harvesting applied across the forest license and the ability of the reserved trees to provide 

the desired long term forest management goals.  There was some concern that many of 

the leave trees were not meeting the desired forest management goals and were in fact 
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having a negative impact on the safety and efficiency of silviculture operations as well as 

seedling growth.  With this improved understanding from the results of our historic leave 

tree activities, there will be an opportunity to improve our ability to prescribe and execute 

plans which will result in the improved attainment of our forest management goals. 

 

METHODS: 
 
The areas sampled were distributed throughout Forest license A18686 (Tolko 

Louis Creek’s operating area) and approximated the distribution of Biogeoclimatic Zones 

present in Tolko Louis Creek’s operating area (fig. 1). 

 

Figure1: Graphs comparing the total operating area by Biogeoclimatic Zones and the 
areas sampled by Biogeoclimatic Zones. 
 

The method for choosing areas to sample started by reviewing the 1:50,000 scale 

Forest Development Plan (FDP) map with Tolko Louis Creek’s Silviculture Forester.  

Blocks containing reserved trees were chosen and recorded.  A review of 1:20,000 

orthophotos of these blocks provided a visual estimation of the level of retention on each 

block.  The list of potential blocks with reserved trees was reviewed in Phoenix (a forest 

data management system) to ensure a period of at least five years had past since 

harvesting. This five years was needed to ensure that the residual trees had had time to 

adapt to their post harvest situation.  Once this information was obtained a review of the 
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Pre-harvest Silviculture Prescription (PHSP) or Silviculture Prescription (SP) for each 

block was completed to ensure there were no amendments for wind-throw salvage 

activity, to review the prescribed leave tree strategy and to be aware of any pest and/or 

health concerns identified.  If the block was still viable, the whole block would be 

targeted for sampling if reasonable.  If the block was too large, had too many trees to 

tally in a reasonable amount of time or had areas with no leave tree retention, a portion of 

the block was chosen to be sampled.  Once a block, or portion of a block, was found to be 

acceptable a copy of the SP, a 1:5,000 scale year 2000 orthophoto, block map and access 

information was gathered in preparation for the field visit to sample the reserved trees. 

The sampling method for dispersed trees involved counting every tree reserved in 

the sample area and recording it by diameter class, species and health condition. 

Dispersed trees were defined as trees greater than 17.5 cm dbh, which are standing alone 

with no support provided by the crowns or stems of other trees.  Diameter classes were in 

10 cm increments except the smallest diameter class, which was 17.5 cm to 25cm dbh.  A 

tree was considered healthy if it appeared as though it had the potential to survive until 

the next rotation.  The criterion for determining health was based on the wind-throw risk 

and symptoms of disease and/or insect attack (thinning crowns, defoliation, insect holes, 

bird excavations, etc).  For definitions of wildlife tree classes see Appendix I.  Trees were 

tallied using a dot tally method in the space provided on the dispersed tree data sheets.  

The unhealthy trees were tallied as fair (live unhealthy) or poor (dead) and assigned a 

wildlife tree class number.  Wind-thrown trees were tallied as dead and assigned a “w” on 

the data sheet.  Dispersed trees that were close together in small groups of 2 to 20, with 

no original understory present, were also recorded as dispersed and an extra category of 
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clusters was tallied on the dispersed retention tally sheet with the number of stems, 

average diameter, species and general health condition.  The cluster information aided in 

answering general questions on the overall health and wind-throw risk of the reserved 

dispersed trees.  This data allowed us to calculate the basal area per hectare of dispersed 

healthy, unhealthy, wildlife and windthrown trees. 

 Group tree retention was defined as trees reserved in a group of 20 or more trees 

that have the ability to support one another through their crowns, stems and/or roots.  

Although some of the basal area may have been removed, there must have been some of 

the original understory preserved herb, shrub or trees that represent the original forest 

stand structure.  The sampling of group trees consisted of measuring and recording the 

size of each group on the group retention tally sheet.  This could be done in the field with 

a hip-chain by measuring the length and width or for larger or irregular shaped groups, by 

digitizing the area off the orthophoto.  A prism sweep in a representative area or areas of 

the group estimated the residual basal area per hectare for the group.  In this sweep all the 

merchantable trees over 17.5 cm dbh as well as dead potential trees, standing or down, 

were included.  An estimate of the percent of the basal area removed and the percent of 

the residual basal area wind-thrown was recorded.  A tally of all the wildlife trees class 

#2 or higher in the group was recorded and the percent of the residual basal area occupied 

by these wildlife trees was estimated.  Species breakdown was estimated and the percent 

of residual basal area occupied by healthy trees was also estimated and recorded.  This 

information enabled us to estimate, in basal area per hectare, the total amount of group 

retention as well as the proportions of it as healthy, unhealthy, wildlife and wind-thrown 

trees. 
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The advanced regeneration was defined as naturally occurring regeneration that 

was reserved when the block was harvested.  Single tree dispersed advanced regeneration 

was recorded by species and condition class, healthy or unhealthy, and height class, 1, 2 

or 3, on the advanced regeneration tally sheet.  Healthy advanced regeneration was 

defined as regeneration that has acceptable form and vigor with an overall appearance 

suggesting it will survive to rotation and contribute to the merchantable trees.  This over 

all appearance includes signs of release such as acute upper crown angle, an increase in 

sturdiness and an overall normal % live crown, color and health.  The trees were divided 

into 3 height classes, 0m to 2.5 m, 2.5m to 5m and 5m tall to 17.5 cm dbh.  Each 

dispersed advanced regeneration tree was dot tallied and assigned an area of 1 square 

meter coverage of the block.  Each patch of advanced regeneration was measured for its 

size, leading species height class and overall health and recorded on the advanced 

regeneration tally sheet.  This information enabled us to estimate the total amount of area 

in m2/ha the advanced regeneration occupied on the ground and its health and species 

composition. 

After each area was surveyed a series of 9 questions were answered.  Some of 

these questions helped address the impact of the leave tree strategy on planted seedlings, 

the safety and/or efficiency of silviculture operations.  They also addressed windthrow 

and the characteristics of the wind thrown trees.   

It was decided that the seedling health would be compared by measuring the 

height diameter ratios of seedlings planted in the shade of reserved trees versus the 

seedlings planted in the open.  A sample of height and diameter measurements from 330 
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seedlings on six sites representing 3 species supplements the general seedling condition 

recorded from each area surveyed. 

The dispersed retention, group retention and advanced regeneration data was 

entered into Excel spreadsheets and a summary sheet was produced.  These summary 

sheets and the answered questions were used to produce a summary report for each area.  

These summary reports were placed on the silviculture file for each block in which the 

sampled area was located.  A list of blocks containing areas sampled can be found in 

Appendix II.  As well a catalogue of photographs that were taken throughout the project 

was developed for reference and can be seen in Appendix IV.  All the data entered was 

collected into a second set of excel worksheets and a series of graphs to compare the 

three categories of retention over each Biogeoclimatic zone was produced.  Graphs 

showing the comparison based on the percent of the total basal area that was healthy for 

dispersed and group trees and percent of the total area occupied that is healthy for 

advanced regeneration are reviewed in the results section. 

 

Limitations and Considerations:  

As we worked through this project, we became aware of some limitations related 

to the methodology utilized in this review.  These should be considered as we review the 

results, discussion and conclusions. 

A potentially significant bias was introduced during the process of selecting the 

areas to sample.  Blocks were chosen that had reserved trees visible on the 1:5,000 scale 

year 2000 orthophotos.  It was discovered that post-harvest dispersed leave tree wind 

throw was not visible on these orthophotos.  Because of this, blocks with some to 
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significant dispersed leave tree wind throw were not specifically targeted for sampling 

and the higher the proportion of dispersed tree wind throw, the less likely it was to be 

selected for sampling.  Also there are many blocks that had high levels of dispersed tree 

post-harvest windthrow which was salvaged.  These blocks were also not selected for 

sampling because it was difficult to count stumps of salvaged trees as many had flipped 

back to the upright position or had been removed from the site.  This bias potentially 

favoured sampling the relatively healthier dispersed tree retention that exists across the 

operating area. 

Group site selection was another factor that may have contributed to the overall 

health status of groups.  Groups were often located on less productive sites such as rock 

outcrops or riparian areas.  These sites often had a higher level of wind-throw and smaller 

less stable trees compared to the balance of the block.  As well, targeting all species and 

diameter classes for groups while targeting mainly wind-firm large diameter trees for 

dispersed retention may have further biased the health results in favor of healthier 

dispersed trees.  Another consideration is the length of time wind-throw damage has been 

occurring in groups compared with dispersed retention areas.  This group wind-throw 

was tallied as part of the residual basal area as it would have been very difficult to 

determine what portion of the wind-throw was pre/post-harvest.   

These factors could only be eliminated with the selection of a random sample.  As 

this was not a practical solution for the scope of this project it was decided that to help 

address these issues it was necessary to either add some of the unhealthiest dispersed tree 

retention sites which were not selected or remove some of the healthiest which were 

selected.  Due to limited time and resources the latter was chosen to give a more realistic 
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representation of the difference between group and dispersed tree health.  A second set of 

graphs was produced with the healthiest block in each Biogeoclimatic zone, except SBS 

which had only 2 sample blocks, removed from the sample set. 

 

RESULTS: 
 The following group of "Healthy by Category" graphs for each Biogeoclimatic 

zone shows the relative amount of reserved trees that are healthy.  For dispersed and 

group trees the base data source is in basal area.  The advanced regeneration is based 

upon square meters covered by the drip-line of the crowns. 

 The "Condition of Dispersed Species" graphs are slightly more intricate than the 

"Health by Category" graphs.  The right bars (the darker ones) in the pairs for each 

species shows the percent of basal area that each species contribute to the total dispersed 

basal area reserved.  Each left bar (the lighter one) of the pairs depicts how much of that 

dispersed species basal area was considered healthy. 

 

IDF Zone 
 

Figure 2a compares the original data for the health of dispersed groups and 

advanced regeneration categories in the IDF biogeoclimatic zone.  Figure 2b shows the 

adjusted results used to address the potential bias identified in the methods.  The original 

data shows that groups contained a basal area that was 71% healthy while the adjusted 

results show an 82% health condition.  Similarly the original data shows dispersed trees 

contained a basal area that was 74% healthy compared to 72% with the adjusted results.  

The original advanced regeneration data shows the area to be 62% healthy while the 

adjusted results show a 59% health condition. 
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Figure 2a.  Original Summary of Health by Category in the IDF zone. 
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Figure 2b. Adjusted Summary of Health by Category in the IDF zone. 
 
 The greatest abundance of dispersed basal area in the IDF zone was provided by 

Douglas-fir and trembling aspen.  Spruce, Western red cedar, sub-alpine fir, paper birch 

and lodgepole pine were also present, but were not abundant.  Douglas-fir contained a 

basal area that was 72% healthy while trembling aspen contained a basal area that was 

slightly healthier at 80% (Fig. 3). 
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IDF Dispersed Species Breakdown
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Figure 3.  Condition of Dispersed Species in the IDF Zone. 
 
ICH Zone 

 
  Figure 4a compares the original data for health of dispersed groups and advanced 

regeneration in the ICH bio-geo zone while figure 4b compares the adjusted data. Of the 

groups, 82% of the basal area (original and adjusted data) was healthy while 44% (37% 

adjusted data) of the dispersed basal area was healthy.  The advanced regeneration was 

found to be 78% healthy (original and adjusted data). 
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Figure 4a.  Original Summary of Health by Category in the ICH zone. 
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Figure 4b.  Adjusted Summary of Health by Category in the ICH zone. 
 
 
 

Most of the basal area, 79%, found in the ICH zone was Douglas-fir.  Trembling 

aspen, sub-alpine fir and paper birch were also present.  Of the Douglas-fir, 45% of the 

basal area was healthy.  While trembling aspen, subalpine fir and paper birch were 83%, 

7% and 16% healthy respectively (Fig. 5). 
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ICH Dispersed Species Breakdown
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Figure 5.  Condition of Dispersed Species in the ICH Zone. 
 
 
 
SBS Zone 
 

Figure 6 compares the health of dispersed groups and advanced regeneration in 

the SBS zone. There are no adjusted results for this area as only 2 blocks were sampled.  

The group basal area was 71% healthy while dispersed basal area health was slightly 

lower at 68%.  The advanced regeneration was found to be the healthiest of the three 

categories at 88%. 
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Figure 6.  Summary of Health by Category in the SBS zone. 
 
 

Most of the basal area found in the SBS zone was comprised of Douglas-fir (43%) 

and trembling aspen (39%).  spruce, western red cedar, cotton wood, sub-alpine fir, paper 

birch and pine were also present but were not abundant.  Douglas-fir contained a basal 

area that was 69% healthy while trembling aspen contained a basal area that was 60% 

healthy.  Spruce, sub-alpine fir, Cottonwood, Paper birch and Western red cedar 

contained a basal area that was greater than 50% healthy.  Less than 50% of the 

lodgepole pine basal area was found to be healthy (Fig 7).  
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Dispersed Species in the SBS Zone
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Figure 7.  Condition of Dispersed Species in the SBS zone. 
 
 
 
MS Zone 

 
Figure 8a compares the original data for health of dispersed, groups and advanced 

regeneration in the MS zone, while figure 8b provides the adjusted data.  Of the groups, 

81% of the basal area (80% adjusted data) was healthy while 56% (51% adjusted data) of 

the dispersed basal area was healthy.  The advanced regeneration was found to be 51% 

healthy (82% adjusted data). 
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Figure 8a. Original Summary of Health by Category in the MS zone. 
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Figure 8b.  Adjusted Summary of Health by Category in the MS zone. 
 
 

Most of the dispersed basal area found in the MS zone was comprised of Douglas-

fir at 70% of the total basal area along with aspen at 15%.  Spruce, cotton wood, sub-

alpine fir, paper birch and lodgepole pine were also present, but not frequent.  Of the 
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Douglas fir basal area, 61% was healthy while aspen was 63% healthy (Fig 9). 
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Figure 9. Condition of Dispersed Species in the MS zone. 
 
 
ESSF Zone 
 

Figure 10a compares the original data for the health condition between dispersed 

trees, groups and advanced regeneration in the ESSF biogeoclimatic zone while figure 

10b shows the adjusted data. Groups were found to be 46 % healthy (original and 

adjusted data) and dispersed tree basal were 35% healthy (34% adjusted data).  The 

advanced regeneration was found to be the unhealthiest of the three categories being only 

17% healthy (26% adjusted data).   



 

  

 

77 

ESSF Summary
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Figure 10a. Original Summary of Health by Category in the ESSF zone. 
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Figure 10b. Adjusted Summary of Health by Category in the ESSF zone. 

 
Most of the dispersed basal area found in the ESSF zone was comprised of sub-

alpine fir and some spruce.  Of the spruce, 28% of the basal area was found to be healthy 

while 38% of the sub-alpine fir basal area was found to be healthy (Fig. 11).  
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Dispersed Species in the ESSF Zone
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Figure 11. Condition of Dispersed Species in the ESSF zone. 
 
 
 
Overview 
 
 Figure 12 summarizes the health of advanced regeneration by Biogeoclimatic 

zones based on the original data.  The SBS contained the healthiest advanced 

regeneration at 88%, while the ESSF contained the least healthy advanced regeneration at 

17%.  Advanced regeneration in the IDF, ICH and MS zones were healthy 62%, 78% and 

51% of the time respectively (Fig. 12). 
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Advanced Regeneration Comparision
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Figure 12.  Summary of advanced regeneration in the different Biogeoclimatic zones. 
 
 
 A comparison of the dispersed and group data results shows that the groups were 

found to be healthier in all the zones except the IDF (Fig. 13).  The greatest difference 

was found in the ICH zone where the difference between the health of dispersed and 

group basal area was 38%.  The least difference was found in the IDF zone where the 

difference was only 3%.  The MS zone contained a 25% difference while the ESSF and 

SBS zones contained differences of 11% and 5% respectively (Fig. 13). 
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Figure 13.  Health comparison between dispersed trees and groups. 
 

In our review of planted seedlings we found open planted seedlings to have a 

lower height diameter ratio than seedlings planted in the shade of reserved trees for all 

sites and species sampled.  The lodge-pole pine showed the greatest difference in height 

diameter ratios between open and underplanted seedlings 53 and 71 respectively.  The 

Spruce planted in the open had the lowest height diameter ratio at 45 (Fig. 14).  
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Figure 14.  Height diameter ratio comparison for seedlings planted in the open versus   
                  Seedlings planted in the shade of reserved trees. 
. 

 

DISCUSSION AND CONCLUSIONS 

Dispersed and Group Tree Retention 

 Group retention appears to be superior to dispersed retention when forest 

management goals require long term survival of reserved trees.  The data shows group 

tree retention to be healthier than dispersed tree retention in all BEC zones except the 

IDF within Tolko Louis Creek’s operating area.  This may be attributed to the added 

support (physical and biological) that trees in groups provide for one another. Also, 

dispersed trees may be more likely to be damaged during harvesting or silviculture 

operations.  This damage may be the result of soil compaction, root damage or tree 

scaring.  Another consideration is possible stress dispersed trees may encounter while 

adapting to post harvest climate dynamics which may include changes in moisture 

regime, increased availability of light and less individual trees to provide symbiotic 
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relationships.  These factors may make reserved trees more susceptible to insect and 

pathogen infection resulting in poorer health.  

Although group retention is recommended, dispersed retention may be necessary 

in some cases for specific management goals related to visual screening, wildlife trees 

and social/cultural concerns.  When these desired elements exist in single dispersed 

locations, an effort should be made to use these as anchors or biological control points for 

group retention when ever possible.  Choosing these anchors or features and reserving 

trees around them to create a group will increase the likelihood of that element remaining 

healthy in the long term. 

Windthrow has occurred historically throughout the operating area.  The most 

common contributing factors to windthrow observed were restricted root growth, root 

disease and poorly drained soils.  Restricted (plate like) roots were caused by restrictive 

soil horizons.  These can include dense clay, rock and other compacted shallow horizons 

and/or fluctuating water tables.  Some trees with unrestricted or moderately restricted 

roots were windthrown on moderately drained sites with fine textured soils where these 

soils may have lost cohesion during periods of saturation.  Root disease was also found to 

be a major factor resulting in wind thrown trees.  Some areas with high levels of root 

disease were experiencing catastrophic windthrow levels.  

If dispersed retention is required, the factors discussed (soils, drainage and health) 

must be addressed on a site by site bases to determine suitability for dispersed retention.  

Table 1 summarizes the species suitability for single dispersed retention each zone based 

on the dispersed tree health data collected.  It should be noted that Douglas-fir and 

trembling aspen were the most abundant species retained in all zones except the ESSF. 
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Table 1.  Species suitability for dispersed trees retained in each biogeoclimatic zone. 
* Note only species that made up 10% or more of the total basal area reserved in each 
zone are included in this table 

Zone Suitable* Unsuitable* 

IDF - Fd, At 

ICH Fd,  - 

SBS - Fd, At 

MS - Fd, At 

ESSF Sx,Bl - 

 

 

Advanced Regeneration 

The advanced regeneration data showed a wide range of health from only 32% 

healthy in the ESSF to 91% healthy in the SBS.  The health of the advanced regeneration 

seems to be related to the presence of shade tolerant species in the understory.  BEC 

zones containing Cw and Bl understory have healthier advanced regeneration than BEC 

zones with Fd.  Also, advanced regeneration that was not under full or complete canopy 

closure seemed more likely to survive and release.  The form of the advanced 

regeneration also seemed important.  While the form may be in part a function of the 

previous two points it is also important to note that tall skinny dispersed and small 

patches of advanced regen did not survive well.  Larger patches of these trees sometimes 

survived if not damaged too severely by harvesting and there was enough physical 

support provided for one another.    The exception is the ESSF with the least healthy 

advanced regeneration of all zones.  The reason for this may be the cold wet soils, cold 
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air pooling, short growing season, the very long period of time as understory and other 

factors which reduce growth rates and delay release at high elevations. 

Advanced regeneration of acceptable quality can be reserved successfully but 

selection must be based on species’ shade tolerance, level of suppression under the old 

canopy and overall form.  Advanced regeneration that is shade intolerant that was heavily 

suppressed under the old canopy and/or has a high height diameter ratio is not desirable 

for retention. 

 

 

Planted Seedlings 

The seedling data shows that under-planted seedlings have a greater height to 

diameter ratio than open seedlings for all species sampled (Pl, Fd and Sx).  This indicates 

that under-planted seedlings are less vigorous than open planted seedlings.  Seedlings 

planted in the shade are searching for more light thus focusing their energy to grow 

vertically.  Open planted seedlings already have an abundance of light and can focus their 

energy into a balance of height and diameter growth.  

When the seedling data is broken down by species, Pl was found to contain the 

greatest difference in height to diameter ratio between open and under-planted seedlings.  

The height to diameter ratio of Spruce and Douglas-fir did not differ as dramatically as 

lodgepole pine.  This is due to the fact that Sx and Fd are more shade tolerant species and 

can adapt to grow reasonably well in an understory setting.  It should be noted however 

that Douglas-fir and Spruce do perform better in the open. 

 



 

  

 

85 

Retrospective Comments 

This project could be improved on if the time and resources were available to 

avoid some of these key weaknesses in our data collection methods.  The first is the bias 

introduced in our selection process as discussed earlier.  An un bias random sample 

would give a more accurate indication of the health difference between group and 

dispersed retention.   Another weakness is the method of estimating basal area for the 

group retention while counting every tree in the dispersed retention.  A better data 

collection method for groups could improve the ability to compare the two retention 

types.  Possible acceptable methods could be a full count of group trees or a full cruise of 

group retention areas with an acceptable number of plots per hectare to give a valid 

result.  These methods were not practical for the scope of this project and the available 

resources. 

In the development of this review methodology there are a few points that are 

worth mentioning to any one considering a similar project.  The first is try not to look at 

everything at once rather set specific goals and strive for quality of key data rather than 

quantity of data from a quantity of subjects.  Because this review was afforded the luxury 

of examining a wide range of topics in the quest to understand variable retention impacts 

and did identify many topics that could be studied further, it could not allow an in depth 

look at any one aspect.  Although this project was not meant to be a statistically 

significant study, it did provide the information desired that will aid in the development 

of future leave tree strategies.  The positive aspect of such a wide range data collected is 

the opportunity for future reviews of this data as new concerns or issues arise, or in 

developing another review or study.   
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APPENDIX I 
 

Windthrow and Wildlfie Tree Classes 
 
Table 2.  Windthrow hazard criteria (Ministry of Forests Windthrow Field Card 
Assessment) 

Structure High Hazard Moderate 
Hazard 

Low Hazard 

Live Crown Ratio <30% 30-70% >70% 
Height diameter ratio >90 70-90 <70 

Rooting structure Plate Roots Flattened Base Rounded Base 
 
 

 
Figure 16.  Wildlife tree class rating system. 
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APPENDIX II 
List of Blocks Surveyed 

 
 CP Location Origina Ba Opening # BEC-Zone Sub-zone Net Area 
1 924-5 Bear creek 45 82M032-90 ESSF wc2 15 
2 924-4 Bear creek 45 82M032-89 ESSF wc2 16.9 
3 912-10 Bendelin Cr. 40 82M 042 ESSF wc2 17.1 
4 912-12 Bendalin creek 40 82M042-46 ESSF wc2 15.3 
5 561-5 McKnight cr. 47 82L091-147 ESSF  dc2 23.9 
6 561-3 McKnight cr. 47 82L091-145 ESSF dc2 29 
7 940-7 Jet Creek 40 92P020 MS dm2 13.7 
8 864-3 Machettie Lk. 40 92P-038-45 MS dm2 17.4 
9 568-5 Martin Meadow 40 92p 010 MS dm2  
10 539-22 Bush Lk. 35 92I058 MS xk  
11 606-2 Alkali Cr. 35 92I-058 MS xk 10.1 
12 606-3 Alkali creek 40 92I058 Ms xk 22.7 
13 606-1 Alkali Cr. 40 92I-058 MS xk 35.3 
14 922-8 E. Barrier Lk. 40 82M 022 ICH mw3 19.7 
15 921-4 Pass Lake 50 82M 033 ICH mw3 19.5 
16 918-5 Pass Lake 45 82M 032 ICH mw3 53.7 
17 916-1 Dixon Lk. 40 82M 011 ICH mk2 34.7 
18 915-8 Dixon Lk. 40 82M 011 ICH mk2 34.6 
19 876-7 TU A Dum lake 43 92P049-087 Ich mk2 30 
20 876-7 (TU-B) Dum Lake 43 92P049-087 ICH mk2 30 
21 603-3 Amphitheatre Lk. 42 82L081 ICH mk2 25.5 
22 603-7 Amphitheatre  0 82L071095 ICH mk2 14.2 
23 915-3 Dixon Lk. 40 82M 011 ICH mk2 32.4 
24 896-3 Bottrel Cr. 40 82M 021 SBS mw2 16.9 
25 888-2 Nehaliston Cr. 35 92P 059 SBS mm  
26 308-8 Bottrel Cr. 45 82M 021 IDF mw2 28.9 
27 605-5a George Creek 37.5 82L051-252 IDF  dk2 15.2 
28 600-8 red plateau 40 92I 087 IDF dk 56.7 
29 605-1 George Cr. 45 82L 051 IDF  dk2 40.1 
30 605-11 George Creek 47.5 82L051-258 IDF dk2 8.3 
31 927-9 Dixon creek 46 92P020-50 IDF dk2 12.8 
32 600-11 Red Plateau 40 92I 087 IDF dk2 36.1 
33 602-1 Tranquille R. 37.7 92I 097 IDF dk1 34.20 
34 602-4 Tranquille R. 37.7 92I 097 IDF dk1 17.80 
35 602-6 Tranquille  37.7 92I 097 IDF dk1 18.50 
36 600-15 Tranquille R. 40  IDF   
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Introduction 
Tolko field crews collected retention data from 36 blocks or portions of blocks in the 
summer of 2002.  The data were not intended to provide an inventory of retention across 
Tolko tenures, but instead to describe (quantitatively) the diversity of situations where 
retention was being used on a block-by-block basis.  The goal of the study was to assess 
types of retention being left, where retention is being left, general health of the retention, 
and windthrow losses.  The following analysis / discussion is based on review of the field 
data by the authors1. 

Because the authors summarized the data as a block-by-block situational comparison, the 
averages were not weighted by the size of block.  Instead block averages were reported 
with a discussion of the range of situations found throughout.  For this reason, data 
summarized in this report will differ from that summarized for similar data points in the 
analysis completed initially by the Tolko field crew. 

The ESSF 
 

Retention Patterns and Amount: 
 
Table A2-1.   Amount of Retention by Preharvest Stand Type 
 
Amount of Retention (6 blocks2) – as a % of the original basal area of the stand 

Stand type % Aggregate 
(Group3 & Clump4) 

Retention 

% Dispersed5  
Retention 

% Total Retention 

Bl Se (4 blocks) 9 4 13 (3-31) 

Se Bl (2 blocks) 2 4 6 (0.1-11) 
Average by block (highly variable) 7% 4% 11%  

 

                                                 
1 Ken Zielke and Bryce Bancroft of Symmetree Consulting Group completed this analysis.  Because they did not 
collect the data and only visited several of the blocks assessed, many of the conclusions on a block-by-block basis 
are stated as assumptions or speculation.  However, the recommendations reflect general trends and therefore the 
authors are comfortable promoting them as a recommended management practice 
2 Although referred to as “blocks”, often these were portions of blocks where there was significant retention 
3 Groups are > 0.20 ha – Aggregates of trees that are mostly intact portions of the stand where trees shelter and 
support each other. 
4 Clumps are < 0.20 ha – Aggregates of trees twenty trees or more, providing mutual support and shelter. 
5 Dispersed trees are individually dispersed trees, not sheltered or supported by each other. 
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Table A2-2.  Distribution of retention patterns (averaged by block) in the ESSF Sample 
 

Retention Pattern 
(BS or SB mixes) 

% of blocks 
sampled 

% of area sampled 

Group Pattern6  

• 1 block – 2 aggregates (0.4-0.6 ha) 

17% 47% 

Dispersed Pattern7  

• 4 blocks (0.1 – 3 m2/ha) 

66% 48% 

Mix - Dispersed and Clump Pattern8 

• 1 block – 8 aggregates (0.02-0.25 ha) 

o 14 m2/ha total retention 

17% 5% 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig A2-1.   Distribution of Aggregate (group and clump) sizes across all six blocks 

assessed in the ESSF (total number of aggregates assessed = 13). 
 
Retention in the ESSF appears mostly focussed on leaving smaller subalpine fir usually 
less than 22.5 cm in diameter.  For this reason, significant retention is opportunistic and 
highly variable, with more retention in subalpine fir leading stand types.  Some blocks 
(924-4 and 924-5) had high levels of small to 20 cm dbh balsam with a mix of dispersed 
                                                 

6 Group Pattern – Numerous groups dominate the retention on the block in distribution and ecological influence 
7 Dispersed Retention Dominates the block in its distribution and ecological influence (not necessarily by the 
amount of retention). 
8 Dispersed and Clump – The retention is characterized by a mix of both dispersed and clumps (possibly with a 
group or two as well). 
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trees, clumps and groups.  Two blocks (912-10 and 912-12) also had high levels of 
ecological influence from the retention, but at lower levels of retained basal area due to 
the small size of the trees that were left.   
 
The lowest amount of retention (0.1 – 2.5%) was quite appropriately placed within NDT3 
blocks.  The silvicultural systems used here would most appropriately be called a clearcut 
(with minor retention of balsam clumps), or clearcut with reserves. 
 
Where few overstory trees and just a few scattered patches of advance regeneration were 
left, the sudden exposure often caused significant mortality in the patches (e.g., block 
651-5).  While there is ecological benefit to leaving smaller overstory Bl (< 22.5 cm dbh) 
and advance regeneration, high levels may have an impact on the growth of newly 
established regeneration, unless the leave trees are sufficiently vigorous to offset this 
growth loss.   
 

Vigour / Health9: 
Table A2-3.  The proportion of the retention (averaged by block) determined to have 

Good health and vigour.  
 
Preharvest 
Stand Type 

% of DISPERSED 
Retention with 
Good Health & 

Vigour10 

% of GROUP 
Retention with 
Good Vigour 

% of TOTAL 
Retention 
with Good 

Vigour 

% of productive block 
area occupied by non-

vigorous advance 
regeneration 

Bl Se (4 
blks) 

44% 

 
70% 59% 

 

0.4% 

Se Bl (2 
blks) 

48% 90% 50% 1 % 

 

                                                 
9A tree was considered healthy if it appeared as though it had the potential to survive until the next rotation.  The 
specific criteria for determining health were based on symptoms of disease and/or insect attack (thinning crowns, 
defoliation, insect holes, bird excavations, etc) and susceptibility to windthrow due to tree characteristics (high 
height to diameter ratio or low taper and low % live crown).  Trees that were dying or dead, were assigned a 
wildlife tree class, as per the BC wildlife tree classes.  NOTE: Poor or low health and vigor is not necessarily 
negative since trees that were dead or dying were included as having poor health and vigour.  These may have 
value for wildlife.  
10 NOTE: Windthrow trees were factored in as having “poor health and vigor” therefore bringing the proportion of 
trees with good health and vigour down. 
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Fig A2-2.  The species proportions of the dispersed retention in the ESSF with health 

and vigour indicated.  

Other Key points: 
 
• Size of aggregates had no influence on health and vigour 
• There was no correlation between retention pattern (dispersed, clump, group) 

and health and vigour. 
• Generally the retention was less healthy at both extremes – when a large or small 

proportion was left as retention.   
 
Generally the condition of the retention in the ESSF, which was primarily subalpine fir, 
was not good (40-50% low vigour), although groups were considerably more vigorous 
than dispersed retention.  This does not necessarily mean that leaving retention in the 
ESSF is not worthwhile or that subalpine fir is a poor choice as a species.  It is worth 
pointing out that higher proportions of wildlife trees were found in ESSF retention 
aggregates where health was poor. 
 
Where higher levels of retention (15-30%) were left, 35-50% of the leave trees were in a 
low vigour category.  Presumably these stands had a high degree of variation and hence 
significant mid-canopy and understory balsam available for retention.  However, these 
stands were also likely moderately dense with significant intertree competition, 
contributing to a high variation in the vigour of the balsam.  Also, larger balsam trees in 
the groups were often unhealthy, reflecting a natural decline in these balsam-leading 
stands at this age.  Larger balsam contributed to a moderately high number of wildlife 
trees, particularly where they could be left safely in larger groups. 
 
At low levels of retention (0.1-2.5%), a majority of trees also had low vigour / health (55 
– 80%).  This is not surprising since the balsam retained appear to originate in the 
understory of uniform spruce-leading stands, likely moderately dense.  As well, these 
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small clumps were much more in more open conditions after harvesting, often 
contributing to significant mortality. 
 
The moderate retention levels (5-10%) show better vigour.  These stands may have been 
more vigorous preharvest since they were spruce-leading, and this fact seems to be 
reflected in the general health of the groups.  The preharvest stand had less basal area 
than most in the ESSF, and we are guessing was more open.  Likely these stands were 
somewhat clumpy in nature with small openings allowing for adequate vigour of advance 
balsam. 
 
The advance regeneration left in the ESSF was also dominated by subalpine fir and was 
mostly non-vigorous, sometimes dead.  Contrary to common concerns regarding 
excessive use of advance balsam regeneration in the ESSF, these blocks did not show 
excessive levels of productive ground removed by non-vigorous balsam. 
 

Windthrow11: 
Table A2-4.  The proportion of retention (averaged by block) that was damaged by 

windthrow. 
 

Preharvest 
Stand Type 

% of DISPERSED 
Retention in 
Windthrow 

% of GROUP 
Retention in 
Windthrow 

% of TOTAL Retention in 
Windthrow 

Bl Se (4 blks) 6 % 18 % 15% (2-30%) 

Se Bl (2 blks) 3 % 4 % 3 % (0-6%) 

 
 

Other Key points: 
• Contrary to experience elsewhere, higher levels of windthrow were found in 

larger aggregates. 
• Windthrow in aggregate retention was higher in aggregates with low vigour. 
 
Windthrow was generally low in the blocks examined, all of which are assumed to have a 
moderate windthrow hazard.  Two of the six blocks had over 10% windthrow.  Some 
important points should be noted here.  The dispersed retention did not experience high 
levels of blowdown, despite the fact that most experience would suggest it is more 
susceptible.  This was because generally the smaller advance balsam, or mid-canopy 
balsam were left.  Most of this retention likely had good crowns and subsequently a 
strong taper to resist wind and snow damage.  Balsam is often able to attain such form in 
                                                 

11 Windthrow estimates do not reflect what may be found right across this zone.  High hazard and high-risk blocks 
with high levels of windthrow were avoided as they either were salvaged or they did not show up on orthophotos 
as potential candidates.  This sample therefore should be viewed as a rough representation of what is happening 
on moderate hazard sites. 
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small openings due to its propensity to retain its foliage and attain decent growth under 
moderate light levels. 
 
Higher levels of windthrow were found in the groups most likely because there are lots of 
susceptible stems on the edges of the groups (tall and slender) and subsequently more 
blowdown.  Where there are no specific consequences to blowdown, i.e., potential 
damage to other resource values, even the highest levels of blowdown (30%) should not 
be a major concern from a value perspective as it was mostly low vigour balsam.  This is 
reflected in that groups with the lowest vigour had the most blowdown (10-35%), while 
groups with good vigour had low levels of blowdown (0-10%). 
 
It is curious to note that blowdown was higher in larger groups.  This is contrary to 
popular thinking on windthrow since as groups of retention get larger they force the wind 
profile up and over the trees, rather than through the trees, thereby reducing the drag 
force acting on the crowns.  One reason why this may have happened is the fact that most 
groups in the ESSF had some level of partial-cutting, removing the larger trees and 
perhaps removing some of the mutual support between trees within the groups.  Even so, 
only 20-30% of the basal area was removed in the groups, which should not be 
significant.  The most likely explanation is the high proportion of low vigour balsam and 
snags which are much more susceptible to wind damage. 
 
Since rotten wood is often a favoured medium for natural regeneration in the ESSF, 
inputs of coarse woody debris from the levels of windthrow observed may be beneficial, 
without compromising the structural integrity of the groups. 
 

Recommendations: 
1. Avoid high densities of residual subalpine fir retention, sufficient to significantly 

impact planted trees.  Either: 
a. Mark widely-spaced clumps prior to harvest or train fallers to select clumps with 

desired characteristic a prescribed distance apart. 
b. Option (a) may be costly if fallers must cut a large number of submerchantable 

trees between the leave clumps.  An alternative is to instruct fallers to leave all 
trees under a certain size as is currently the case, and then if these trees are 
excessive, use a silviculture crew (at a lower rate of pay) some time after 
harvesting, to cut dead and damaged trees, leaving a more desired distribution and 
pattern.   

2. For ecological values, some larger trees left inside larger intact groups may have 
some benefits in the ESSF.  The NDT should be used as a guide in this regard. 

3. Continue to target groups for retention with high numbers of dead or dying subalpine 
fir, providing that the work area around the groups can be made safe as per WCB 
regulations. 

4. Continue to leave advance subalpine fir regeneration at relatively low levels of 
coverage in widely-spaced small to medium-sized clumps, to avoid excessive growth 
impacts from these mostly non-vigorous trees.  Utilize these clumps in large clearcut 
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openings where no other retention is found for a considerable distance.  Choose intact 
clumps in discreet openings in the preharvest stand. 

Rationale: 
Subalpine fir retention originated in the mid to lower canopy layers in the preharvest 
stand.  These trees are often slow growing with low vigour.  High densities of dispersed 
subalpine fir then may significantly reduce the overall growth on the developing stand.  
To capture the ecological benefits, without serious growth impacts, some attention to 
clumping and grouping the retention is necessary.  As well, a mix of some larger groups 
with larger leave trees and snags may be worthwhile. 
 
Advanced regeneration in the ESSF is known to provide feeding, perching, and 
occasionally nesting habitat for songbirds.  However, since most of this regeneration is in 
non-vigorous subalpine fir, it is preferred to keep its coverage low, mostly in widely 
spaced clumps. 
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The MS & SBS 
 

Retention Patterns and Amount: 
 
Table A2-5.   Amount of Retention (averaged by block) by Preharvest Stand Type. 
 
Amount of Retention (6 blocks) – as a % of the original basal area of the stand 

Stand type % Aggregate 
(Group & Clump)  

Retention 

% Dispersed  
Retention 

% Total Retention 

Pl dominant (80%+) 5 % 3 % 8 % 

Pl leading (50-75%) with Fd 
and possibly other species 

2 % 10 % 13 %  
(5-21%) 

SPF mix (even mix) 0.4% 6% 7% 

Average by block  3%  
(0.3-7%) 

5% mostly  
(1 blk - 21%) 

8% mostly  
(1 blk - 21%) 

 
Table A2-6.  Distribution of retention patterns (averaged by block) in the MS & SBS 

Sample 
 

Retention Pattern 
 

% of blocks 
sampled 

% of area sampled 

Dispersed Pattern12  

• 7 blocks (2-4 m2/ha, 1 blk with 7 m2/ha) 
78% 88% 

Mix - Dispersed and Clump Pattern13 

• 2 blocks  

o 4 aggregates each (.002 – 
0.28 ha) 

o 3 – 4.5 m2/ha total 
retention 

22% 12% 

 

                                                 
12 Dispersed Retention Dominates the block in its distribution and ecological influence (not necessarily by the 
amount of retention). 
13 Dispersed and Clump – The retention is characterized by a mix of both dispersed and clumps (likely with some 
groups as well). 
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Fig A2-3.   Distribution of Aggregate (group and clump) sizes across all six blocks 

assessed in the SBS and MS.  A total of 16 groups and clumps were 
tallied. 

 
As in the ESSF, retention in the SBS and MS is mostly opportunistic based on species, 
utilizing Douglas-fir and aspen mostly.   Retention levels are low to moderate at 5-12% 
total across all blocks, except for one Pl-leading block with much higher levels at 21% 
(888-2).  The dominant pattern for retention was in dispersed trees, followed by clumps 
with the occasional larger group (one or two per block > 0.25 ha).  Sixty-seven percent of 
the aggregate retention was in clumps less than 0.20 ha in size.  This retention pattern 
may just reflect the way in which Douglas-fir and aspen are distributed in the SBS and 
MS.   
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Vigour / Health14: 
 
Table A2-7.  The proportion of the retention (averaged by block) determined to have 

Good health and vigour. 
 

Preharvest 
Stand Type 

% of DISPERSED 
Retention with 
Good Vigour15 

% of GROUP 
Retention with 
Good Vigour 

% of TOTAL 
Retention 
with Good 

Vigour 

% of productive block 
area occupied by non-

vigorous advance 
regeneration 

Pl dominant  
(5 blks) 

50% 72% 58% 0.4% 

Pl leading  
(3 blks) 

76% 96% 79% 0.1% 

SPF mix 
(1 blk) 

45% 66% 46% 0.01% 
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Fig A2-4.  The species proportions of the dispersed retention in the SBS with health 

and vigour indicated.  
 

                                                 
14 NOTE: Poor or low health and vigor is not necessarily negative since trees that were dead or dying were included as having poor 
health and vigour.  These may have  high value for wildlife.  
15 NOTE: Windthrow trees were factored in as having “poor health and vigor” therefore bringing the proportion of trees with good 
health and vigour down. 
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Fig A2-5.  The species proportions of the dispersed retention in the ESSF with health 

and vigour indicated.  

 

Other Key points: 
 
• Size of aggregates had no influence on health and vigour 
• Clump and Dispersed patterns tended to have slightly better vigour than 

dispersed only. 
• The lowest level of health and vigour was in dispersed  blocks with low-moderate 

levels of retention (5 – 7%) 
 
Heath and vigour of leave trees was significantly lower in the dispersed retention, 
generally smaller understory to midstory Douglas-fir, and other species.  The SBS 
showed slightly better health in the Douglas-fir and the balsam, perhaps due to less 
uniform stand structure and competition in the preharvest stands.  The SBS showed a 
very strong component of aspen, much higher than in the MS (almost 40% compared 
with 12%).  The MS retention was dominated mostly by Douglas-fir. 
 
Approximately 30-35% of dispersed Douglas-fir in the MS and SBS zones was found to 
be in poor condition.  However, much of these poor quality stems are in the smaller size 
classes (< 30 cm dbh).  Prior to harvest, these trees were likely under intense competition 
in moderately dense to dense stands of pine.  The poorest retention vigour was in blocks 
with a dispersed pattern, likely reflecting a lower, more scattered presence of midstory 
Douglas-fir, with even more competition from the preharvest pine.   
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Most larger dispersed codominant or dominant Douglas-fir (> 30 cm dbh were in good 
condition (75 to 80% good health and vigour), although some have declined in vigour 
since harvest and a few have died.  In fact only three of the nine blocks assessed, showed 
less than 79% good quality trees in the larger dispersed categories (864-3, 606-2 and 606-
1).    

Windthrow16: 
Table A2-8.  The proportion of retention (averaged by block) that was damaged by 

windthrow. 
 
Preharvest Stand 

Type 
% of 

DISPERSED 
Retention in 
Windthrow 

% of GROUP 
Retention in 
Windthrow 

% of TOTAL Retention in 
Windthrow 

Pl dominant  
(5 blks) 

9% 18% 14% (7-28%) 
 

Pl leading  
(3 blks) 

5% 2% 5% (0.5-11%) 

SPF mix 
(1 blk) 

18% 27% 18% 

 
 

Other Key points: 
• Blowdown was highly variable across all aggregate sizes. 
• Windthrow in aggregate retention was higher in aggregates with low vigour. 
 
The total amount of windthrow was not considered excessive in the three types.  
However, there may be a concern regarding Douglas-fir beetle, even at lower levels of 
windthrow, where the windthrow is focussed in larger Douglas-fir.   
 
Only 2 blocks (13%) experienced more than 15% windthrow in dispersed retention (16-
28% windthrow).  These blocks showed blowdown across all size classes with 50-75% of 
the windthrow in trees larger than 35 cm dbh (mostly Douglas-fir).   Dispersed retention 
is known to be more susceptible to blowdown due to higher drag forces acting on tree 
crowns.  As well, these larger dispersed trees were likely more prone to windthrow due to 
restricted rooting or root deterioration.  The blowdown in dispersed retention however 

                                                 
16 Windthrow estimates do not reflect what may be found right across this zone.  High hazard and high-risk blocks 
with high levels of windthrow were avoided as they either were salvaged or they did not show up on orthophotos 
as potential candidates.  This sample therefore should be viewed as a rough representation of what is happening 
on moderate hazard sites. 
 



 102 

does not seem to be excessive.  One block had 14% blowdown in the dispersed retention, 
all of it concentrated in aspen.  Since aspen generally is spindly with a high height to 
diameter ratio when mixed with conifers in dense stands, it is often quite susceptible to 
windthrow or windsnap when chosen for dispersed retention. 
 
Three blocks (33%) showed more than 15% blowdown in the group retention (18 – 25%).  
Most of the blowdown appeared to be concentrated within one tree-length of windward 
edges in spindly codominant trees, similar to what would be observed on exposed 
clearcut boundaries.  Even at 25%, the windthrow is not considered excessive in the 
retained groups. 
 

Recommendations: 
 

1. Continue to focus retention on Douglas-fir and aspen.  Utilize spruce and/or other 
species where they can be left inside intact, windfirm clumps and groups. 

2. Focus on aggregate retention in groups or clumps. Clumps should be centred 
around 2 or more larger (30 cm + dbh) healthy Douglas-fir and/or natural clumps 
of aspen where they occur.   

3. As much as possible try to mix groups and clumps over the landscape and avoid 
exclusive reliance on small clumps. 

4. Avoid leaving mostly dispersed individuals.  Occasional dispersed retention of 
large Douglas fir (> 35 cm dbh) is a good idea.  Avoid leaving dispersed 
individuals with poor health and vigour, except when there is no other leave tree 
options and these trees are left as occasional occurrences in large open areas, 
where obstruction of silvicultural treatments is not a concern. 

 

Rationale: 
The MS and SBS are in NDT3 where large stand replacing disturbances are frequent.  
Opportunistic retention, utilizing Douglas-fir, aspen and occasionally other species, will 
provide vertical structure in the resulting stands.  Focusing this retention in widely spaced 
clumps and groups with the occasional large dispersed tree will approximate natural 
disturbance 
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The ICH 
 

Retention Patterns and Amount: 
 
Table A2-9.   Amount of Retention by Preharvest Stand Type 
 
Amount of Retention (6 blocks) – as a % of the original basal area of the stand 

Stand type % Aggregate 
(Group & Clump)  

Retention 

% Dispersed 
Retention 

% Total Retention 

Pl dominant (80%+) 5% 8% 13% 

Pl leading (50-75%) with Fd 
and minor other 

0 6% 6% 

Fd leading with Pl and minor 
other 

 

0 8% 8% 

Fd leading with SBP mix 0.2% 6% 6% 

Fd leading with CwHw 1% 8% 9% 

Average by block (highly variable) 1% 

(1-8% on 4 blks) 

7% 

(4-14%) 

9% 

(4-14%) 
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Table A2-10.  Distribution of retention patterns (averaged by block) in the ICH Sample 
 

Retention Pattern % of blocks 
sampled 

% of area sampled 

Dispersed Pattern17  

• 8 blocks (2 – 6 m2/ha) 
80% 74% 

Mix – Dispersed and Group Pattern18  

• 1 block – 2 aggregates (0.12-0.6 ha) 

• 5 m2/ha total retention 

10% 17% 

Mix - Dispersed and Clump Pattern19 

• 1 block – 3 aggregates (0.02-0.3 ha) 

• 5 m2/ha total retention 

10% 9% 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig A2-6.   Distribution of Aggregate (group and clump) sizes across all ten blocks 

assessed in the ICH (9 aggregates tallied). 
 
 

                                                 
17 Dispersed Retention Dominates the block in its distribution and ecological influence (not necessarily by the 
amount of retention). 
18 Dispersed and Group - The retention is characterized by a mix of both dispersed and groups (likely with some 
clumps as well). 
19 Dispersed and Clump – The retention is characterized by a mix of both dispersed and clumps (likely with some 
groups as well). 
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Retention in the ICH was consistent across all stand types assessed, mostly focussing on 
dispersed Douglas-fir with some aspen mixed in.  Occasionally birch was used rather 
than aspen (block 603-3).  Most blocks used an open dispersed pattern, with one block 
(921-4) mixing in clumps and another (916-1) having a majority of retention in two 
aggregates (one clump and one group).  Levels of retention were low to moderate at 4 to 
14%.  This approach maintained a high degree of openness in the resulting stands with 
good establishment and development of light-demanding species such as lodgepole pine.   
 
Three blocks (915-8 and 876-7B) had portions with high concentrations of dispersed 
leave trees.  On block (915-8) this concentrated retention consisted of codominant 
Douglas-fir, while in 876-7B it was a mix of Douglas-fir and aspen.  In both cases the 
retention appeared concentrated enough to potentially impact developing regeneration in 
parts of the block.  However, in block 915-8, significant leave tree mortality occurred, 
likely from root disease, confounding this potential impact.   
 
Regardless of the leave tree condition, concentrated dispersed retention can also 
negatively affect silvicultural treatments like mechanical site preparation and stump 
extraction.  With significant mortality, the dispersed retention can also become a safety 
issue for future treatments like brushing and spacing, as the trees deteriorate over time. 

Vigour / Health20: 
Table A2-11.  The proportion of the retention (averaged by block) determined to have 

Good health and vigour. 
 
Preharvest Stand 

Type 
% of 

DISPERSED 
Retention 
with Good 
Vigour21 

% of GROUP 
Retention with 
Good Vigour 

% of TOTAL 
Retention 
with Good 

Vigour 

% of productive block 
area occupied by non-

vigorous advance 
regeneration 

Pl dominant  66% 87%  80% 0 

Pl leading with 
Fd  

13% 0 13% 0 

Fd leading with 
Pl  

67% 0 67% 0 

                                                 
20 NOTE: Poor or low health and vigor is not necessarily negative since trees that were dead or dying were 
included as having poor health and vigour.  These may have value for wildlife.  
21 NOTE: Windthrow trees were factored in as having “poor health and vigor” therefore bringing the proportion of 
trees with good health and vigour down.  
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Preharvest Stand 
Type 

% of 
DISPERSED 

Retention 
with Good 
Vigour21 

% of GROUP 
Retention with 
Good Vigour 

% of TOTAL 
Retention 
with Good 

Vigour 

% of productive block 
area occupied by non-

vigorous advance 
regeneration 

Fd leading with 
SBP mix 

38% 83% 39% 0 

Fd leading with 
CwHw 

37% 89% 40% 0 
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Fig A2-7.  The species proportions of the dispersed retention in the ICH with health 

and vigour indicated.  

 

Other Key points: 
 
• There is no trend between group size and health 
• There was no correlation between the approach to retention pattern (dispersed, 

clump, group) and health and vigour. 
• There was no apparent correlation between health and vigour and the amount of 

retention. 
• Generally there are more wildlife trees in less vigorous / healthy groups. 
 
Except for the Pine dominant and the Douglas-fir leading with pine stand types, a high 
proportion (60-87%) of the retention was assessed as being in poor condition.  Only 
Douglas-fir and aspen had significant proportions of dispersed retention in the good 
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category, and less than half of the Douglas-fir was good.  Other species were generally in 
poor condition, often originating in an understory of midstory position in these stratified 
even-aged mixtures.  Birch showed that it is not a good candidate as dispersed retention 
due to its brittle nature and vulnerability once exposed in an unsheltered position.   
 
The block with the lowest heath / vigour (603-3) had a number of challenges for 
dispersed retention of Douglas-fir.  First, root disease was significant enough in this stand 
to warrant stumping.  The stumping and additional disc trenching site preparation may 
have disturbed root systems of the leave trees, which may have already been weakened 
by root disease.  The block appears to be situated on a highly exposed topographic 
position where endemic winds will be accelerated as they move up the slope and over the 
block.  Rooting is moderately restricted.   One third of the retention was found in 
windthrow, providing a significant downward impact on health and vigour. 
 
The Douglas-fir leading with cedar and hemlock blocks, or Douglas-fir leading with 
spruce and balsam blocks, tend to have 50-70% of dispersed trees in poor health.  These 
blocks are influenced by varying levels of root disease, and the use of birch, which 
deteriorates quickly when suddenly exposed.  The resulting mortality, particularly in the 
larger Douglas-fir, is a safety concern for follow-up silvicultural activities. 

Windthrow22: 
Table A2-12.  The proportion of retention (averaged by block) that was damaged by 

windthrow. 
Preharvest Stand 

Type 
% of Dispersed 

Retention in 
Windthrow 

% of Group Retention 
in Windthrow 

% of Total Retention in 
Windthrow 

Pl dominant  2% 11% 5% 

Pl leading with 
Fd  

33% 0 33% 

Fd leading with 
Pl  

11% 0 11% 

Fd leading with 
SBP mix 

10% 11% 10% 

Fd leading with 
CwHw 

8% 2% 8%  

 

                                                 
22 Windthrow estimates do not reflect what may be found right across this zone.  High hazard and high-risk blocks 
with high levels of windthrow were avoided as they either were salvaged or they did not show up on orthophotos 
as potential candidates.  This sample therefore should be viewed as a rough representation of what is happening 
on moderate hazard sites. 
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Other Key points: 
• Generally, higher levels of windthrow were found in smaller aggregates (<0.15 

ha), but this is not consistent. 
• Windthrow in aggregate retention was higher in groups with low vigour (but 

this is not consistent). 
 
A moderate amount of windthrow in dispersed retention occurred in one block (603-3).  
This block had a number of challenges for dispersed retention of Douglas-fir.  (See the 
discussion above). 
All other blocks had what we would consider to be low amounts of blowdown.  Higher 
levels occurred in smaller clumps in some blocks likely due to the use of smaller, more 
spindly trees.  Larger clumps and groups tend to be more robust and resistant to wind.  
 

Recommendations: 
• Focus on aggregate retention in groups or clumps. Clumps should be centered 

around 3 or more healthy Douglas-fir and/or natural clumps of aspen, birch.  
Occasional use of understory redcedar and hemlock in clumps is acceptable. Try 
to space out the clumps at least one and one-half tree lengths apart (or more). 

• Avoid significant block area in concentrated individually dispersed Douglas-fir 
and/or aspen in the ICH, unless multi-entry silvicultural systems are being 
applied.  Occasional large dispersed Douglas-fir vets or aspen should be used 
where they are healthy and less susceptible to windthrow, and clumps and groups 
are not an option. 

• Minimize or avoid partial harvest of groups or clumps. 
• Provide leave trees (individuals, clumps and groups) with a five-metre buffer 

when disc-trenching and a 10 m buffer when stumping.  Widely-spaced clumps 
and groups, with an occasional large individual dispersed tree will provide for 
greater treatment efficiency and lower impacts on leave trees. 

 

Rationale: 
 
Dispersed Douglas-fir in an area already infected by root disease will be questionable for 
long term survival.  Mortality in a few widely scattered individuals may be acceptable but 
dispersed retention should be avoided in areas with concentrated high densities of root 
disease   Also, to avoid growth impacts on developing regeneration and obstacles for 
follow-up silvicultural treatments, intact clumps or groups are preferred.   These 
aggregates should be more windfirm since the trees may provide mutual support, 
especially if natural clumps are chosen in the preharvest stand.  Also, these aggregates 
may be more widely spaced while still providing the same amount of retention as high 
densities of dispersed retention.   Clumps and groups with a strong Douglas-fir 
component should be left in portions of the block with little or no apparent root disease.  
Where root rot is significant, clumps with aspen, birch and/or red-cedar should be 
favoured, or the area should be clearcut. 
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Large root disease pockets may themselves be suitable in some cases as group retention 
since the mix of species and wildlife trees make them nodes of biodiversity.  The best 
choices for root disease groups have high concentrations of deciduous trees, with limited 
commercial volume, and are not highly exposed to wind damage. 
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The IDF 
 

Retention Patterns and Amount: 
 
Table A2-13.   Amount of Retention by Preharvest Stand Type 
 
Amount of Retention (6 blocks) – as a % of the original basal area of the stand 

Stand type % Aggregate 
(Group & Clump)  

Retention 

% Dispersed  
Retention 

% Total Retention 

Fd leading with Cw and other 9 6 14 (13-15%) 

Pine dominated (80%) 5 7 11 (3-17) 

Pine leading with Fd 1 6 8 (5-10) 
Average by block (highly variable) 5% 6% 11%  

 
 
 
Table A2-14.  Distribution of retention patterns in the IDF Sample 
 

Retention Pattern 
(BS or SB mixes) 

% of blocks 
sampled 

% of area sampled 

Dispersed Pattern23  

• 5 blocks (2 – 5 m2/ha) 

45.5% 55% 

Mix – Dispersed and Group Pattern24  

• 5 blocks – 2-14 aggregates (0.01-1.8 ha) 

• 2-3 m2/ha total retention 

45.5% 40% 

Mix - Dispersed and Clump Pattern25 

• 1 block – 3 aggregates (0.03-0.11 ha) 

• 2 m2/ha total retention 

9% 

 

5% 

 

 
 

                                                 
23 Dispersed Retention Dominates the block in its distribution and ecological influence (not necessarily by the 
amount of retention). 
24 Dispersed and Group - The retention is characterized by a mix of both dispersed and groups (likely with some 
clumps as well). 
25 Dispersed and Clump – The retention is characterized by a mix of both dispersed and clumps (likely with some 
groups as well). 
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Fig A2-8.   Distribution of Aggregate (group and clump) sizes across all eleven blocks 

assessed in the IDF (40 aggregates tallied). 
 
 
Retention in the IDF blocks was low to moderate at 3-17% (11% average).  Dispersed 
retention accounted for almost half of all retention, and it dominated the pattern on the 
blocks.  All blocks were classed either as a dispersed pattern or a mix of dispersed with 
clumps or groups.  While clumps accounted for most of the aggregates left on the blocks 
(>70% of aggregates), about 20% of aggregates occurred as large groups > 0.40 ha in 
size. 
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Vigour / Health26: 
Table A2-15.  The proportion of the retention (averaged by block) determined to have 

Good health and vigour. 
 

Preharvest 
Stand Type 

% of Dispersed 
Retention with 
Good Vigour27 

% of Group 
Retention 
with Good 

Vigour 

% of Total Retention 
with Good Vigour 

% of productive block 
area occupied by non-

vigorous advance 
regeneration 

Fd leading 
with Cw and 
other 

67 86 78 
(62-95%) 

0.1 

Pine 
dominated 

73 79 75 
(mostly 70-80%) 

<0.1 
 

Pine leading 
with Fd 

59 56 59  
(50-70%) 

<0.1 
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Table A2-9.  The species proportions of the dispersed retention in the IDF with health 

and vigour indicated.  
 

                                                 
26 NOTE: Poor or low health and vigor is not necessarily negative since trees that were dead or dying were 
included as having poor health and vigour.  These may have value for wildlife.  
27 NOTE: Windthrow trees were factored in as having “poor health and vigor” therefore bringing the proportion of 
trees with good health and vigour down. 
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Other Key points: 
 
• Size of groups had no influence on health and vigour 
• There was no correlation between retention pattern (dispersed, clump, group) 

and health and vigour. 
• There was no correlation between the health and vigour of the retention and the 

amount that was left. 
• Over 0.70 ha in size of retained groups, the number of wildlife trees increased 

from 2-3 trees to 5-15 trees per group. 
 

Windthrow28: 
Table A2-16.  The proportion of retention (averaged by block) that was damaged by 

windthrow. 
 

Preharvest 
Stand Type 

% of Dispersed 
Retention in 
Windthrow 

% of Group Retention 
in Windthrow 

% of Total Retention in 
Windthrow 

Fd leading 
with Cw and 
other 

6 % 8 % 7% (2-11%) 

Pine 
dominated 

7 % 6 % 8 % (3-17%) 

Pine leading 
with Fd 

8 % 17 % 10 % (7-13%) 

 
 

Other Key points: 
• No windthrow trend was found with group size. 
• Windthrow in group retention was higher in groups with low vigour (20%+ low 

vigour). 
 
A significant portion of the retention was of poor health and vigour (mostly 20-40%), 
however the majority was good.  General health and vigour was probably best in the 
pine-dominated types (considering the variability) and the lowest health and vigour in 
pine leading Douglas-fir types.  Health and vigour was greatly influenced by root disease 
and to a lesser extent, pine beetle, Douglas-fir beetle, spruce budworm and sudden 

                                                 
28 Windthrow estimates do not reflect what may be found right across this zone.  High hazard and high-risk blocks 
with high levels of windthrow were avoided as they either were salvaged or they did not show up on orthophotos 
as potential candidates.  This sample therefore should be viewed as a rough representation of what is happening 
on moderate hazard sites. 
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exposure.  A strong component of aspen was used in the dispersed retention (almost 
20%), which should help with some of the forest health issues. 
 
A considerable number of retained poor quality stems were either dead or close to it.  
Few of the poor quality trees were windthrown, as windthrow was not a significant issue, 
at 7-10% of the retention. 
 

Recommendations: 
1. Focus on aggregate retention in groups and clumps. Outside of root rot areas, locate 

clumps around 3+ healthy Douglas-fir dominants or larger codominants and/or 
natural clumps of aspen.  Try to space these out at least one and one-half tree lengths 
apart (or more).  Where abundant opportunities exist for this type of retention over a 
large area, consider variation in spacing from one to five tree lengths between 
aggregates. 

2. In portions of the block infected with root disease,  either: 
a. Utilize clumps of aspen, 
b. Utilize intact infection centres with a mix of deciduous and conifers as group 

retention, or 
c. Clearcut this portion of the block and consider stumping or other treatments to 

deal with the root disease. 
3. Where aspen clumps are left, try to keep the original preharvest clump intact to 

protect it from sudden exposure, and reduce suckering.  Where conifers are scattered 
in clumps or small groups of aspen, consider retaining the conifers to maintain clump 
integrity. 

4. As a general rule, minimize or avoid partial harvest of groups or clumps, especially 
where windthrow risk is moderate or greater.  Where groups have a pine component 
require harvesting, try to either: 

a. leave the groups at 60% of the original basal area, or 
b. break the group up into smaller clumps spaced apart as described above. 

5. Avoid significant area in concentrations of individually dispersed Douglas-fir in the 
IDF, unless multi-pass silvicultural systems are being used.  Occasional large 
individual dispersed Douglas-fir or aspen could be used where they are healthy and 
less susceptible to windthrow, and clumps and groups are not an option. 

6. Provide leave trees / clumps / groups with a five-metre buffer when disc-trenching 
and a 10 m buffer when stumping. 

 

Rationale: 
 
Dispersed Douglas-fir in an area already infected by root disease will be questionable for 
long term survival.  Mortality in a few widely scattered individuals may be acceptable but 
it should be avoided in concentrated dispersed trees.   Also, to avoid growth impacts on 
developing regeneration and obstacles for follow-up silvicultural treatments, 
concentration of leave trees as intact clumps or groups of is preferred.   These clumps and 
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groups should be more windfirm and can be more widely spaced (one and one-half tree 
lengths or more apart). 
   
Clumps and groups with a strong Douglas-fir component should be left in portions of the 
block with little or no apparent root disease.  Clumping around Douglas-fir veterans, 
dominants, or larger codominants should provide for long term vertical structure and 
persistence than focusing retention on smaller codominants.  Where root rot is significant, 
clumps with aspen should be favoured. 
 
Large root disease pockets may be suitable in some cases as group retention since the mix 
of species and wildlife trees make them nodes of biodiversity.  The best choices for root 
disease groups have high concentrations of deciduous trees, with limited commercial 
volume, and are not highly exposed to wind damage. 
 
Where groups have a significant pine component, which requires harvest, it is best if the 
groups are either mostly harvested with widely spaced clumps of retention, or lightly 
harvested so that a regeneration obligation can be avoided.  A blanket prescription to 
simply remove all the pine can result in a situation where the stand is open enough for a 
regeneration requirement, but with sufficient basal area to significantly impact growth 
and development. 
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About this summary: 
 
This summary provides an overview of the strategies presented in detail in “Stand Level Retention Strategies for 
Tolko Industries, Thompson Woodlands – First Approximation Booklet, April, 2003”.   These strategies are 
intended to build on past guidance (from the 1995 Biodiversity Guidebook and District Interpretations) to help 
provide field crews with background perspective and the necessary direction to more effectively use stand level 
flexibility to optimize retention designs across the landscape.   
 
This field summary is intended as a “ quick reference” for prescription and layout staff, and it provides both 
general strategies and strategies specific to biogeoclimatic zones in the Thompson Woodlands.  It may also be 
useful to refer to the Field Illustrative Guide, which provides pictorial examples of the key concepts and issues 
that are common across all biogeoclimatic zones.  For those seeking a more detailed review of these strategies, 
and the research and rationale behind them, please consult the First Approximation Booklet.. 
 
In the spirit of adaptive management, the hope is that these strategies are just another step in the journey toward 
improving forestry practice to maintain the rich heritage of biological diversity in the Thompson area in a 
manner that works with the goal of sustaining efficient, economic timber harvests over time.  
 
 

 
 

This summary was created as part of a project funded by the Forest Investment Account and 
Tolko Industries.  The summary was created by Ken Zielke RPF and Bryce Bancroft RPBio of 
Symmetree Consulting Group Ltd, and Dennis Farquharson  RPF of Tolko Industries, 
Thompson Woodlands.  The summary was reviewed and endorsed by Tolko Industries 
Thompson Woodlands field staff. 
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LAYOUT STEPS:  An overview for planning retention 
 (See Tolko Background Booklet for more information): 

1. REVIEW OBJECTIVES – WHAT DO YOU HOPE TO ACHIEVE BY LEAVING TREES BEHIND?  Ensure 
the objectives for retention are clear.   

2. CONSIDER THE CHARACTER AND CONDITION OF THE LANDSCAPE AROUND THE PROPOSED 
BLOCK – consider what the best approach is to deal with structural management in the entire landscape over time to 
meet your objectives.  Then plan your block in that context.  For general biodiversity objectives ensure your block fits 
both now and over time with the management of the landscape to maintain an appropriate mosaic of natural diversity of 
habitats.  Some landscapes will allow for much more flexibility than others.  The retention target for the landscape unit 
based on it’s biodiversity emphasis option is just the average for the unit.  Stand level retention should vary as per the 
suggestions in the following tables. 

3. SAFETY – Whether you are doing the field recce or the final office design, have safety in mind at all stages of 
retention design.  Watch for danger trees and manage according to WCB regulations. 

4. MAP ALL CONTROL POINTS - At the preharvest stage map out the location of all control points which may 
influence block design.  These include: 

a. Engineering control points – These are the obstacles to proper skidding or yarding patterns that are normally 
the focus for preharvest reconnaissance. 

b. Economic control points – Those portions of the stand that provide the greatest economic opportunity. 

c. Biological control points or “biological anchors” – These are key biological features that will contribute to 
habitat diversity on the block (see below).  When locating the biological anchors on a map provide notes about 
their features and the benefits that they may contribute.   

5. ASSESS THE POTENTIAL RETENTION FOR WINDTHROW RISK: 

a. Rank potential retention sites for windthrow risk (and/or snow breakage and windsnap) based on their 
likelihood of remaining standing.  Consider exposed edges of groups and portions of the block with dispersed 
retention.  Use the Windthrow hazard and risk assessment procedure (Mitchell 1998). 

b. Characterize the expected blowdown - Estimate the amount of blowdown (% of basal area), penetration into 
groups, and the types of trees expected to fall. 

c. Assess the impact or consequences of the estimated potential blowdown based on: resource management 
objectives and economic value.  Pay close attention for potential pest problems (e.g. Douglas-fir Beetle), the 
potential to destabilize slopes or streambanks, and lost volume of high value sawlogs.   

d. Determine if windproofing or salvage activities are required and plan accordingly.  Based on the amount and 
type of blowdown expected and its consequences, there are four potential options for the manager,  

6. ASSESS FOR OTHER RISKS – Windthrow is not the only risk to your retention.  Consider: losses to root disease, 
sudden desiccating exposure, animal damage, firewood cutters and other impacts.   

7. STANDARD BLOCK LAYOUT - In the field determine the optimum road location, potential landing sites.  
Determine optimal yarding/skidding/forwarding distances, patterns and directions. 

8. OPTIMIZE THE RETENTION DESIGN - Do a preliminary engineering design (paper plan) to help choose the 
optimal location and size of groups and possible locations for added dispersed retention.   

9. REVISIT THE STAND - You may wish to revisit your design with several folks on your prescription and layout 
team, both in the office and in the field to check the boundaries of some groups and/or specific individual leave trees, 
before the block boundaries are finalized.  The goal in the end is to optimize the pattern for the efficiency and 
effectiveness of harvesting and silvicultural treatments as well as biodiversity.  

10. MARKING OR PROVIDING DIRECTION FOR FALLERS CHOICE - Groups (0.25 ha +) are best marked in the 
field and mapped prior to logging.  This will simplify logging and ensure objectives are met.  Smaller clumps and 
individual dispersed trees may be left using faller discretion, with clear direction and follow-up supervision.   
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GENERAL  Strategies For Prescriptions and Layout  
Anchor / 
Issue 

Strategies 

Small blocks 1. Avoid excessive stand level retention in small blocks.  It is critical to think about retention at 
the stand level in context with the desired design for the landscape and the opportunities that 
exist throughout the landscape for retention.  If numerous opportunities exist for retention 
around the proposed block, but few exist in it, consider clearcutting.  

2. Usually, as block size drops below 10 ha a few strategically placed clumps should be 
sufficient.  Retention in small openings may be justified in multi-entry silvicultural systems.  
Otherwise, as block size goes below 5 ha, the rationale for any retention should be carefully 
scrutinized.   

Choice of 
anchors 

3. Locate retention to utilize natural biological anchors, looking for:  

• special ecosystems such as riparian areas, wetlands, dry rock outcrops, , ravines.  

• or desirable habitat structures such as clusters of snags, clumps of aspen, or other areas of 
concentrated high structural diversity.   

• See also the more detailed direction by BEC units.  Where key local wildlife species are a 
concern (at risk or focal species), specific attributes may be desired and will help anchor 
potential groups (e.g., large-limbed trees for nesting sites). 

Snags 4. Snags—Because of their ecological value and the inherent safety concerns, snags should form 
the center of groups when available and logistically possible. Snags on the edge but leaning 
into a patch may also be possible. Short snags with large diameters (> 30 cm dbh) or live trees 
with some decay features (dead or broken tops) may be better candidates from a safety 
perspective. 

Wildlife Trees 5. Anchor groups1 or clumps2 on wildlife trees, where wildlife trees > 30 cm dbh are available 
and can be left safely. 

WTP’s and 
Retention 

6. Utilize retention as a contribution to the WTP requirement as much as possible. 

Riparian 
Retention 

7. Look for retention opportunities, beyond those required by the Forest Practices Code, to 
provide some retention in riparian areas (S4 to S6 streams and W3 and W4 wetlands, or non-
classified drainages).  These retained patches should not be designed as long linear strips on 
streams or linear drainages, especially in homogeneous topography.  Groups of retention at key 
points along the stream should be sufficient.  Locate group retention, wherever possible, to 
provide protection for small headwater streams and wetlands that do not require buffer strips 
under the FP Code.  These groups should be wide enough to be windfirm (the wind should 
blow up and over the group, rather than through it). 

 

                                                      
1 Groups – intact patches > 0.25 ha in size. 
2 Clumps – clusters of 3 trees to patches <0.25 ha in size. 
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Anchor / 
Issue 

Strategies 

Distribution of 
Retention 

8. In all cases, choose retention trees, clumps and groups that make the most sense to leave (e.g., 
those with desired biological attributes where they do not impede safe harvesting and may be 
hard to log).  Check the recommendations by BEC zone that follow however consider: 

a. Clumps and groups are generally favoured over individual trees, but a few widely 
spaced individual trees are acceptable, especially if they have highly desirable 
attributes. 

b. Spacing of clumps or isolated large individual trees should be at leave 1.5 tree lengths 
apart to facilitate logging and future silvicultural treatments. 

c. Some variation in spacing is often the desired outcome.  Avoid uniformly spaced 
individual leave trees. 

Choosing 
clumps 

9. Focus on natural clumps in the preharvest stand.  These are often found either growing tightly 
together as a group as in aspen or birch clumps, or are located in a discreet opening in the stand 
as in balsam clumps in the ESSF.  Balsam clumps that have a rounded appearance (shorter 
trees on the outside of the clump) are ideal in this regard. 

Root Disease 10. In portions of the block infected with root disease, either: 

a. Retain clumps or groups of aspen, 

b. Utilize intact infection centres with a mix of deciduous and conifers as group retention, 
or 

c. Clearcut this portion of the block and consider stumping or other treatments to deal 
with the root disease. 

11. For areas infected with a moderate incidence of laminated root rot, harvest the root rot centers, 
reforest with tolerant to moderately susceptible tree species and minimize natural regeneration 
of highly susceptible tree species, such as Douglas-fir or true firs.  

12. Alternatively, where root rot centers are left, stump and/or plant tolerant species in a protective 
buffer around the patch.   

13. Provide leave trees (individuals, clumps and groups) with a five-metre buffer when disc-
trenching and or stumping.  Widely spaced clumps and groups, with an occasional large 
individual dispersed tree will provide for greater treatment efficiency and lower impacts on 
leave trees. 

 

GENERAL  Strategies For Prescriptions and Layout 
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Anchor / 
Issue 

Strategies 

High 
Windthrow 
Hazard blocks 

14. Cutblocks with high intrinsic windthrow hazards generally have some rooting restrictions, 
often with wet or non-cohesive soils, and an exposed topographic position.  Usually high 
hazard areas also have stands that are relatively even-aged and moderately dense so that most 
trees developed in a relatively sheltered fashion.  In these cutblocks there are several options: 

a. Clearcut and manage less susceptible stands in the landscape for retention.  Still assess 
and manage windthrow risk on the edges of the cutblock. 

b. Leave only short trees such as advanced balsam regen that have developed in a small 
opening in the stand, or broken -topped or dead-topped large diameter trees (limited 
crown and/or height). 

c. Leave groups and/or strips of retention separated by narrow openings to minimize the 
fetch between edges and not allow the wind profile to penetrate too far into the 
opening.  Anticipate the some salvage opportunities. 

d. Leave carefully selected leave trees and top or top prune to reduce the windloading and 
the subsequent torque around the base of the tree.  This is costly - only consider where 
you absolutely must leave something and no other options are available. 

Pine Removal 
from groups 
or clumps. 

15. As a general rule, avoid partial harvest of groups or clumps, especially where windthrow risk is 
moderate or greater.  Where groups have a pine component requiring harvesting, try to either: 

• leave the groups at greater than 60% of the original basal area to avoid a regeneration 
obligation, or 

• break the group up into discreet clumps spaced apart to allow for regeneration 
between. 

Mechanical 
Site 
Preparation 

16. Provide leave trees (individuals, clumps and groups) with a five-metre buffer when disc-
trenching and or stumping.   

17. Widely spaced clumps and groups, with an occasional large individual dispersed tree will 
provide for greater treatment efficiency and lower impacts on leave trees 

Silvicultural 
Surveys and 
Retention 

18. Use mostly group and clump retention, mapping them accurately on the block map.  This 
retention can be excluded from the Net Area to be Reforested (NAR) and survey as in a 
clearcut. 

19. Use a survey procedure that will recognize the proportional growing site occupied by larger 
leave trees. 

Final Review 20. Remember - Size and distribution of retention should be governed by important characteristics 
for habitat diversity and engineering criteria rather than uniform distribution.  Foresters and 
production crews will have to work closely together to ensure the optimum retention pattern to 
meet objectives and minimize costs. 

21. Finally do a block review to ensure that the cutblock can be harvested SAFELY!  

 

GENERAL  Strategies For Prescriptions and Layout 
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Anchor / 
Issue 

Strategies 

Principles for 
choosing 
desirable 
leave trees 
(individuals or 
as anchors 
for clumps) 

  
THESE LEAVE TREES SHOULD HAVE ALL OF THE FOLLOWING: 

1. Significant Value to meet Biodiversity (or other) objectives –Generally for biodiversity 
we are looking for one or both of the following: 

• Old features – heartrot, broken tops, thick fissured bark, large limbs. 
• Large diameter – should be greater than 30 cm.  Generally these trees should have 

been dominants or veterans in the previous stand. 
 
2. Longevity as a structure – This means the tree should be sufficiently windfirm and 

healthy to provide structural benefits through a good portion of the next rotation.  
Generally Longevity means: 

• Windfirm – depends on species, but should have good taper (ht:diameter ratios less 
than 80 are preferred and over 90 should be avoided).  Rooting should also be in 
well-drained, deep soils.  Avoid trees in wet ground or on smooth rock. 

• Sufficient health and vigour – To survive and function ecological through much of 
the rotation.  Look for good full crowns with normal colour.  Also, wounds from 
logging damage should be minimized.  Advanced regeneration should have some 
apical dominance (pointed crowns), thirty percent or more live crown and normal 
colour and health. 

3. Safe through the expected silvicultural treatment windows – Trees may have high 
ecological value (meeting principle #1) and still pose safety concerns in the short term for 
site preparation, planting or brushing crews.  Heart rot and root disease may be present, but 
should not pose a risk through the short term.  While safety and longevity may key on 
similar features, safety is critical and should be emphasized as well.  

 

GENERAL  Strategies For Prescriptions and Layout 
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ESSF    Prescription and Layout Retention Strategies 
Stand 
Type 

Anchor / Issue Strategies 

ALL 
(BlSe 
or 
SeBl).
  

Amount Of 
Retention In The 
Essfwc2 (NDT1) 

1. While an acceptable range for long term stand level retention is from 0 to 30%, 
target the majority of blocks for 10 to 20% retention (by basal area or volume) at 
the stand level, where it fits best with stand level features (available biological 
anchors) such as old windfirm veterans and special habitats like riparian features 
or rocky knolls.  The character and condition of the local landscape should also 
be considered before determining exactly where and when this target should be 
applied.  Clearcutting some stands is acceptable.  Some stands may also require 
higher levels of retention, perhaps with multi-pass systems to meet specific 
management objectives such as visual quality. 

 Levels Of 
Retention In The 
Essfdc (NDT3) 

2. Target retention to be widely spread over a range of 0 to 30% retention at the 
stand level, where it fits best with stand level features (available biological 
anchors) such as old windfirm veterans and special habitats like riparian features 
or rocky knolls.  The character and condition of the landscape should also be 
considered before determining exactly how retention should be distributed.   

 Retention 
Patterns 

3. Focus on retention of clumps and groups in all NDT types, with adequate space 
between for reasonable regeneration of preferred species.  Manage to minimize 
blowdown and plan for diligent salvage where spruce barkbeetle is a concern.  
Where possible try to provide a good mix of groups and clumps. 

 Advanced 
Regen 

4. Minimize the use of advance subalpine fir regeneration to retention in widely-
spaced (50-150 m) small to medium-sized clumps, avoiding excessive growth 
impacts from these mostly non-vigorous trees.  Utilize these clumps in large 
clearcut openings where no other retention is found for a considerable distance.   
Choose intact clumps in discreet openings in the preharvest stand. 

 High Densities 
Of Balsam 
Residuals 

5. Avoid generic prescriptions to “Leave all balsam below a threshold size” where 
high densities of mid-canopy to lower canopy subalpine fir exists preharvest (> 
30%, well-distributed), sufficient to significantly impact planted trees where all 
of it is left.  Either: 

• Mark widely spaced clumps prior to harvest or train fallers to select 
desirable clumps a prescribed distance apart (30 – 200 m apart).  Minimize 
or avoid partial harvest of groups or clumps. 

• Option (a) may be costly if fallers must cut a large number of 
submerchantable trees between the leave clumps.  An alternative is to 
instruct fallers to leave all trees under a certain size as is currently the case, 
and then if these trees are excessive, use a low-cost silviculture crew, some 
time after harvesting, to cut dead and damaged trees, leaving a more desired 
distribution and pattern.   

 Large Trees (> 
40 Cm Dbh) 

6. Larger trees (> 40 cm dbh) should be incorporated into intact groups where they 
are reasonably windfirm and fit with the harvesting approach.  

 Snags/ Wildlife 
Trees 

7. Continue to anchor groups of retention with high numbers of dead or dying 
subalpine fir, ensuring as safe work area as per WCB regulations. 
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MS & SBS Prescription and Layout Retention Strategies 
Stand Type Anchor / 

Issue 
Strategies 

ALL: 

Pl dominant 
(80%+)   

Pl leading (50-
75%) with Fd and 
possibly other 
species 

Amount Of 
Retention 

1. Target retention to be widely spread over a range of 0 to 30% retention (by 
basal area or volume) at the stand level, where it fits best with stand level 
features (available biological anchors) such as old windfirm veterans and 
special habitats like riparian features or rocky knolls.  The character and 
condition of the landscape should also be considered before determining 
exactly how retention should be distributed.  

2. Blocks with higher levels of retention (15-30%) should generally utilize 
some larger groups for retention pattern, capitalizing on suitable anchors, 
or designed to meet specific management objectives.       

SPF mix (even 
mix) 

Subalpine fir 
and spruce 
advanced 
regeneration 

3. Minimize the use of advance subalpine fir regeneration to retention in 
widely-spaced (50-150 m) small to medium-sized clumps, avoiding 
excessive growth impacts from these mostly non-vigorous trees.  Utilize 
these clumps in large clearcut openings where no other retention is found 
for a considerable distance 

 Douglas-Fir 
And/Or Aspen 
(Other Lesser 
Species) 

4. Anchor retention on mature Douglas-fir and aspen.  Utilize spruce and/or 
other species where they can be left inside intact, windfirm clumps and 
groups.   

5. Avoid generic prescriptions, such as to “Leave all Douglas-fir and aspen ” 
where significant proportions and coverage of these species exists 
preharvest.   

6. Focus retention as groups or clumps centred around 2 or more larger (30 
cm + dbh) healthy Douglas-fir and/or natural clumps of aspen where they 
occur.   Avoid partial harvest of groups or clumps as much as possible. 

 Few anchors 
in matrix pine 

7. May need to leave some patches of intact pine to break up the area and 
meet your management objectives where other anchors do not exist.  These 
should be at least 0.25 ha in size and at least two tree lengths wide and to 
promote windfirmness and maintain structural integrity.  A second pass 
may be utilized to harvest these areas – if so, consider larger groups to 
facilitate an economic entry.  Another option for structure in these stands 
may be widely spaced clumps of pine stubs (3 – 5 m) for structure in the 
next stand.   

 Dispersed 
Douglas-fir 

8. Avoid leaving mostly dispersed individuals.  Occasional dispersed 
retention of large Douglas fir (> 40 cm dbh) is a reasonable option as a 
long-term wildlife tree.   

9. Overall, avoid leaving dispersed individuals with poor health and vigour, 
except when there is no other leave tree options and these trees are left as 
occasional occurrences in open areas, where obstruction of silvicultural 
treatments is not a concern. 
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ICH   Prescription and Layout Retention Strategies 
 

Stand Type Anchors / 
Issue 

Strategies 

ALL3 Amount of 
Retention in 
ICHmw3 
(NDT2) 

1. While an acceptable range for long term stand level retention is from 
0 to 30%, target the majority of blocks for 5 to 15%+ retention (by 
basal area or volume) at the stand level, where it fits best with stand 
level features (available biological anchors) such as old windfirm 
veterans and special habitats like riparian features or rocky knolls.  
The character and condition of the local landscape should also be 
considered before determining exactly where and when this target 
should be applied.  Clearcutting (without reserves) in some stands is 
acceptable.  Some stands may also require higher levels of retention, 
perhaps with multi-pass systems to meet specific management 
objectives such as visual quality. 

 Amount Of 
Retention in 
the ICHmk2 
(NDT3) 

2. Target retention to be widely spread over a range of  0 to 30% 
retention at the stand level, where it fits best with stand level features 
(available biological anchors) such as old windfirm veterans and 
special habitats like riparian features or rocky knolls.  The character 
and condition of the landscape should also be considered before 
determining exactly how retention should be distributed.   

 DOUGLAS-FIR 
AND/OR 
ASPEN 
(OTHER 
LESSER 
SPECIES) 

3. Anchor retention in groups or clumps centred around 3 or more 
healthy Douglas-fir and/or natural clumps of aspen and or birch 
and/or other lesser species such as white pine.  Minimize or avoid 
partial harvest of groups or clumps.  

4. Where birch is used as an anchor, to minimize windsnap and tatter, 
leave a substantial clump or group possibly with some conifers to 
provide mutual protection from wind, rather than leaving individual 
birch or small clumps of two or three individuals.   

Fd leading types High 
Proportion 
and coverage 
of Douglas-fir 
(or aspen) 

5. Avoid generic prescriptions, such as to “Leave all Douglas-fir, birch 
and/or aspen ” where high densities of these species exist preharvest.  
Unless multi-entry silvicultural systems are being applied, avoid 
significant block area in concentrated individually dispersed 
Douglas-fir,, birch and/or aspen in the ICH.  Occasional large 
dispersed Douglas-fir vets or aspen should be used where they are 
healthy and less susceptible to windthrow, and clumps and groups 
are not an option. 

 

                                                      
3 1) Pl dominant (80%+), 2) Pl leading (50-75%) with Fd and minor other species, 3) Fd leading with Pl and 
minor other species, 4) Fd leading with SBP mix, 5) Fd leading with CwHw, 6) CwHw leading 
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Stand Type Anchors / 
Issue 

Strategies 

Fd leading with 
CwHw, or SB 
understory 

Available 
understory 
advance 
regeneration 

6. Incorporating understory redcedar and hemlock (or spruce and 
balsam) in small clumps or groups are acceptable. Space out the 
clumps or groups at least one and one-half tree lengths apart (or 
more).  Avoid excessive use of advanced regeneration. 

 

Fd leading with Cw 
Hw 

Old Growth 
veterans 

7. Leave a mix of structures, keying on large vets as anchors.  Utilize a 
mix of clumps and groups, as well as scattered individuals if unique 
and safe, to provide a varied mix of retention. 

CwHw leading Dispersed 
Retention 

8. Generally try to avoid dispersed retention in cedar-hemlock stands.  
However, occasional windfirm Cw (high taper and/or large diameter, 
sparse crown or dead / broken top) are acceptable.  Avoid dispersed 
Hw retention – instead focus on small clumps and groups. 

Fd leading with SBP 
mix 

Spruce 
Balsam vets 
and snags 

9. Anchor group retention on windfirm spruce and or balsam.  Utilize 
dead trees where found and leave in groups that meet WCB safety 
requirements. 

 

ICH cont 
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IDF    Prescription and Layout Retention Strategies 
Stand 
Type 

Anchors / 
Issues 

Strategies 

ALL NDT4 and 
Multi-Aged 
Systems 

1. Not all stands should be approached with multi-entry partial cutting systems to 
emulate light intensity disturbance in the NDT4 variants.  Instead, a range of partial 
cutting approaches should be used to maintain the natural mosaic on your specific 
landscape. 

 Amount of 
Retention 
and 
General 
Patterns 

2. Particularly when most or all of the stand is even-aged, use clearcut with reserves, or 
the retention system to retain a mix of individual trees, small clumps and patches. 

3. While an acceptable range for long term stand level retention is from 0 to 30%, 
target the majority of blocks for 5 to 20% (by basal area or volume).  The preharvest 
stand structure and potential anchors should dictate the actual amount on a block.  
Stands with higher levels of pine, and less aspen may be good candidates for lower 
levels of retention at 5%, focussing on small clumps of codominant and scattered 
dominant Douglas-fir.  

4. Multi-entry systems or one-pass systems with moderate to high levels of retention 
per entry (30-50%) may best be applied in dry, Douglas-fir dominated stands that 
are already strongly muti-aged.  Retention levels will vary by stand and may depend 
on non-timber objectives. 

Fd 
leading, Pl 
leading, or 
Pl 
dominant 

Retention 
Patterns 

5. Emphasize aggregate retention in groups and clumps. Outside of root rot areas, 
locate clumps around 3+ healthy Douglas-fir dominants or larger codominants 
and/or natural clumps of aspen.  Try to space these out at least one and one-half tree 
lengths apart (or more).   

 Aspen 
Clumps / 
Groups 

6. Utilize aspen clumps and groups as retention (especially where you can incorporate 
aspen in the early stages of decay) to provide habitat for the range of cavity nesting 
birds.  Ensure aspen riparian reserves on the edges of marshes and lakes are 
relatively windfirm or suitably buffered to maintain longevity. 

7. Where aspen clumps or groups are left, keep the original preharvest clump intact to 
protect it from sudden exposure, and reduce suckering.  Where clumps or small 
groups of aspen have scattered conifers, consider retaining the conifers to maintain 
clump integrity. 

 High 
Proportion 
and cover 
of Douglas-
Fir and/or 
Aspen 

8. Where abundant opportunities exist for this Douglas-fir and/or aspen retention 
uniformly over a large area, use clumps and groups and vary spacing from one tree 
length (minimum) to five tree lengths.  

9. Avoid generic prescriptions, such as to “Leave all Douglas-fir and aspen over a 
specified size ” where high densities of these trees exist preharvest.  Unless multi-
entry silvicultural systems are being applied, avoid significant block area in 
concentrated individually dispersed Douglas-fir and/or aspen in the ICH.   

10. Occasional large dispersed individual Douglas-fir vets or larger aspen should be 
used where they are healthy and less susceptible to windthrow to provide some 
diversity or as an alternative where clumps and groups are not an option. 
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About this illustrative guide: 
 
This illustrative guide provides pictorial examples of the key concepts and issues addressed by 
the stand level retention strategy for Tolko Industries, Thompson Woodlands.  These concepts 
and issues are presented generically since they are common across all biogeoclimatic zones.   
The strategies upon which this guide is based are presented in detail in “Stand Level Retention 
Strategies for Tolko Industries, Thompson Woodlands – First Approximation Booklet, April, 
2003”.    
 
These concepts are intended to build on past guidance (from the 1995 Biodiversity Guidebook 
and District Interpretations) to help provide field crews with background perspective and the 
necessary direction to more effectively use stand level flexibility to optimize retention designs 
across the landscape.   
 
This guide is intended as a “ quick reference” for all field personnel.  It can be used with logging 
and other field crews to help explain layout and prescription intent.  As well, it can be used with 
the Field Summary, which acts as a quick reference for prescription and layout staff, outlining 
the general strategies and strategies specific to biogeoclimatic zones from the more detailed 
First Approximation Booklet. 
 
In the spirit of adaptive management, the hope is that these strategies are just another step in the 
journey toward improving forestry practice to maintain the rich heritage of biological diversity 
in the Thompson area in a manner that works with the goal of sustaining efficient, economic 
timber harvests over time.  
 

 
 

This guide was created as part of a project funded by the Forest Investment Account and Tolko 
Industries.  The guide was created by Ken Zielke RPF and Bryce Bancroft RPBio of Symmetree 
Consulting Group Ltd, and Dennis Farquharson  RPF of Tolko Industries, Thompson 
Woodlands.  The guide was reviewed and endorsed by Tolko Industries Thompson Woodlands 
field staff. 



Illustrative Guide for Tolko Retention 

Concept 
Number 

Description 

1 Focus retention as groups and clumps 

2 Utilize biological anchors 

3 Design the block around available anchors 

4 Look for large Douglas-fir or aspen to anchor clumps 

5 Look for natural clumps to retain 

6 Avoid generic approaches (e.g. leave all balsam) 

7 Avoid high levels of dispersed overstory 

8 Leaving advanced regeneration - suggestions 

9 Plan out your retention preharvest 

10 Mix in dominants where they are windfirm 

11 Satisfy three principles for choosing single leave trees 

12 Space out dispersed retention 

13 Vary the level and distribution of retention 

14 Use larger clumps and groups for spindly trees 

15 Avoid excessive retention in small blocks 

16 Try to leave clumps and groups intact 



Focus most retention on GROUPS (>0.25 ha) and CLUMPS (3 trees up to 
0.25 ha) with adequate open space between. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Rationale:  
• To provide some intact patches of mature forest habitats throughout the block while the new regeneration is developing.   

• Groups and clumps of trees support one another and are more resistant to strong winds, while providing more complete 
habitats. 

• To allow for more open space to better grow new trees which need lots of light. 

• To allow for efficient use of equipment for harvesting, site preparation and planting. 

  



Utilize BIOLOGICAL ANCHORS to build GROUPS (perhaps clumps). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 Riparian areas 

Rock outcrops Snags  or old 
wildlife trees 

Aspen or other key species 



 
 

Design the block around the biological anchors present 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Deciduous patches 
Rationale:  
• To maximize the diversity of habitats and structures on the blocks, after harvest and through time as the next stand grows. 
• To reduce costs, since sometimes these biological anchors have lower value timber, and higher costs to log or regenerate. 

 

Rock outcrop 

Snag 

Deciduous 

Old Vets 



Use Larger Douglas-fir and Aspen where available as anchors to build 
CLUMPS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

Rationale:  
• The larger trees have more value for perching, nesting and cavity excavation as they decay. 
• The larger trees provide the support or backbone of the clump to resist wind damage. 
• Five or six larger trees together may ensure that three or four will survive high winds. 

  



Key in on natural clumps to build retention. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

Rationale:  
• A natural clump already has structural support built in.  Generally the trees in the natural clump have developed to support 

each other in strong winds. 

  
 



Where BIRCH or ASPEN are spindly – build larger clumps: Consider mixing 
in some conifers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

  
 

Rationale:  
• Deciduous trees are generally spindly with high height-to-diameter ratios.  They are therefore highly susceptible to wind 

breakage. 
• Birch branches are brittle and seems to be even more vulnerable to wind damage. 
• Deciduous trees, particularly large diameter (>25 cm DBH) aspen are highly valuable for cavity nesting birds and are 

worthwhile protecting inside more substantial clumps. 

  

 

 



Avoid Generic Approaches to retention like “Leave all balsam under a 
maximum size” –where such balsam is prolific. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Rationale:  
• Large portions of the stand may be occupied by non-vigorous trees with few suitable openings for new regeneration. 

• Equipment access for harvesting and post harvest treatments may be hampered. 

  



 

AVOID HIGH CONCENTRATIONS OF DISPERSED OVERSTORY RETENTION 
on significant portions of the block (unless you are using a multi-entry 
silvicultural system).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

Rationale:  
• Competition from the larger trees will impact growth of new regeneration.   

• There is no guarantee that the retained leave trees will be part of the next harvest – so the impact on the regeneration is not 
compensated by volume from the overstory trees.  

• To reduce the felling of unsafe trees during post harvest treatments. 



 
 

Leave clumps of advanced regeneration – especially where no other 
options for retention exist.   

• Generally keep clumps small and well spaced 

• Larger clumps must have preferred species with good health and vigour  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

Rationale:  
• Advanced regeneration adds some structural diversity to the new stand, which will persist over time if the advanced 

regeneration is vigorous. 
• Where options do not exist for retention of larger trees, clumps of advanced regeneration provide good feeding and nesting 

habitat for songbirds, particularly in the ESSF. 
• If large clumps of advanced regeneration are used, covering a significant portion of the block, it should consist of a preferred 

species with good health and vigour to enable it to contribute to the next timber crop. 

 
  



 
 

Plan the distribution of groups, clumps and individuals 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

 

Rationale:  
• Planning allows for clear communication and discussion to optimize the layout pattern for biodiversity and logging, 
• Increased planning upfront often provides better final results. 

Locate  Fd 
clumps or 
vets here 

Map larger groups on logging plan 

Indicate general requirements for dispersed 
individuals and clumps on the map



Mix in occasional individual dispersed trees – look for larger trees that 
originated above the general stand canopy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Rationale:  
• Trees > 30 cm dbh have more habitat value than smaller trees. 
• Individual dispersed tree crowns catch more wind than trees in clumps or groups.  Spindly trees with little taper and usually 

with small, underdeveloped crowns are very susceptible to windthrow, windsnap and snow breakage. 

 

 

 



Satisfy three principles for choosing individual overstory leave trees and 
clump anchors: 
 
 

Ecological Value 
• KEY - Larger dominant 

tree or veteran with large 
diameter (30 cm +),  

• AND IF AVAILBLE -  old 
features (thick bark, large 
limbs, dead top etc.) 

Safe 
• Will remain non-

dangerous for harvesting 
and planned follow-up 
operations. 

 
 

Long-lasting 
• Windfirm  
• Sufficiently healthy to survive 

beyond the short term. 



 

Individual dispersed trees and clumps should be widely spaced -
GENERALLY MORE THAN 1.5 tree heights or 40 m apart. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

Rationale:  
• Retention is good as biological legacies to increase habitat diversity in the next stand.  However, we are also trying to grow a 

vigorous timber crop and will need considerable open space to do so. 
• Often we want to use large equipment after harvest to prepare the site for planting, and require adequate room around the 

retention to do so efficiently. 

OK Better 



Strive for variation in retention amounts and pattern – within and between 
blocks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

Where Birch or aspen are spindly, build a larger clump 
 

Rationale:  
• The diversity of natural habitats and interactions between species and various habitats makes it virtually impossible to come up 

with one design that benefits all species – variation helps to hedge our bets. 
• Working with the biological anchors available on the site should help to ensure variation between blocks. 

 

 

 
 



Avoid Excessive Retention in Small Blocks – Consider the character and 
condition of the surrounding landscape. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 

Where Birch or aspen are spindly, build a larger clump 
 

Rationale:  
• Timber inside small openings may not add much as biological legacies to habitat structure in the area, especially if there is lots 

of timber in the landscape around the block(s).  Yet, Timber in small openings may significantly reduce the growth of new 
regeneration. 

• Occasionally such retention may be justified in multi-entry silvicultural systems.  Otherwise, you should carefully scrutinize 
any retention in openings less than 5 ha.  

 
  



Avoid partial cutting groups – either break into clumps or leave intact. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

 

Rationale:  
• Groups (> 0.25 ha) that are partial-cut may be required to be planted, although growth of planted trees will be severely 

impacted by the leave trees. 
• If partial-cutting is heavy enough, the retention may be much more vulnerable to wind damage. 
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