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2.0  Executive Summary 
 
Conserving biodiversity within the managed forest landscape has become a 
defining component of responsible and sustainable forest management.  The 
current approach for biodiversity conservation is largely based on a process 
called ecosystem management, which presumes that management practices that 
emulate natural disturbances will conserve natural processes and, as a result, 
the biodiversity that depends on these processes.  The dominant natural 
disturbance to have shaped ecosystems throughout the southern interior of 
British Columbia (B.C.) is wildfire.  Although conventional forest practices (e.g., 
clearcut harvesting) do emulate wildfire by removing large patches of mature 
trees, key differences exist.  Stands initiated by wildfire often include remnant 
structures from the original forest (e.g., scattered live and dead trees, small 
groups of trees, and large patches of undisturbed forest) that provide critical 
habitats for the plant and wildlife species that have evolved with this disturbance 
pattern.  As a result, an important strategy for emulating natural disturbance and 
conserving biodiversity, throughout the Southern Interior Forest Region, involves 
maintaining varied amounts of live trees within cutblocks; a process called green-
tree retention (GTR).  
 
Loss of mature and old-growth forests to clearcutting is also seen as a major 
threat to the conservation of plant and wildlife species that are associated with 
these late-seral forests.  Many of these species are not dependent on the age of 
the forest per se, but rather, require the structural attributes and associated 
heterogeneity and microclimate provided within these old forests.  When 
structural attributes of late-seral forests are retained with GTR systems, species 
associated with old forests may be “lifeboated” over the regeneration phase of 
the second-growth stand, thereby increasing the potential for late-seral species 
to persist and repopulate habitats throughout the managed landscape. 
 
Strategies for GTR are varied and provide stand conditions that range from low-
level retention (e.g., a few scattered stems) to high-level retention (e.g., large 
patches of intact forest).  Because the response of plants and wildlife to GTR is 
species-specific and depends on the habitat requirements of a given species, 
there is no optimal level for GTR that satisfies the requirements of all species.  
As a result, stand-level strategies for GTR need to be developed with very 
specific objectives, each contributing to a landscape-level biodiversity 
conservation strategy.  This document provides a summary of the results from 
over 60 published scientific studies.  It is intended to provide forest managers 
with important information for developing effective GTR strategies for managing 
non-timber values such as habitat, wildlife species, and biodiversity. 
 

------------------------------------------------------------------ 
------------------------------------ 
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3.0  Introduction 
 

3.1  Intent for this document 
This document provides direction for the development of green-tree retention 
(GTR) strategies, primarily of Douglas-fir (Pseudotsuga menziesii), for achieving 
specific desired conditions for non-timber values such as wildlife habitat and 
biodiversity.  The management direction provided herein is based on widely held 
ecological principles that are directly supported by recent scientific research. 
 

3.2  Background 
Conserving biodiversity within the managed forest landscape has become a 
defining component of responsible and sustainable forest management 
(Lindenmayer and Franklin, 1997; Hunter, 1999; Lindenmayer et al., 2000; Work 
et al., 2003) and is mandated in British Columbia (B.C.) by the new Forest and 
Range Practices Act (Government of B.C., 2004).  In addition, green certification 
processes are providing significant economic and market incentives for the forest 
industry to explicitly address biodiversity conservation within Forest Stewardship 
Plans (Zheng and Min-yuan, 2002; Rametsteiner and Simula, 2003). 
 
Clearcut harvesting of old, large trees has long been criticized as having negative 
impacts on the species associated with these habitat structures (McComb et al, 
1993; Lindenmayer and Franklin, 1997; Lindenmayer et al., 2000; Lomolino and 
Perault, 2000; Ecke et al., 2002).  Concerns over the loss of mature and old-
growth habitat are especially pronounced in areas such as the Pacific Northwest 
(Zenner, 2000), including B.C., where clearcut harvesting accounts for nearly 
90% of all harvesting (Government of B.C., 2000).  As a result, the forest industry 
has recently been encouraged to decrease the size of clearcuts and to use 
alternative methods of harvesting (e.g., Beese et al., 2003; Work et al., 2003).  In 
addition, B.C. has expanded its network of parks and reserves to include 12% of 
B.C.’s total area (Government of B.C., 2002).  Although these protected areas do 
provide important habitat, only 9.5% of B.C.’s forests are within protected areas, 
whereas nearly 38% are being managed for timber extraction (Government of 
B.C., 2000; 2002).  As a result, the success of biodiversity conservation within 
B.C.’s forests is far more dependent on what managers do within cutblocks than 
by what is not done within protected areas (Lindenmayer and Franklin, 1997). 
 
The current forest management strategy for biodiversity conservation involves an 
approach known as ecosystem management, which is largely based on the 
premise that management practices that emulate natural disturbances will 
conserve natural processes and, as a result, the biodiversity that depends on 
these processes (Hunter, 1990; Grumbine, 1994; Franklin et al., 2002).  The 
most prevalent natural disturbance that has shaped the ecology of the southern 
interior of B.C. is wildfire.  Stands initiated by wildfire commonly contain 
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structures from the original forest (McComb et al., 1993; Lindenmayer et al., 
2000), including fire resistant trees such as Douglas-fir and ponderosa pine 
(Pinus ponderosa), as well as entire patches of intact forest that are missed by 
the wildfire.  These remnants of the original forest provide unique and important 
habitat structures throughout the naturally regenerating stands. They create 
structurally complex habitats that contrast sharply with the simplistic habitat 
created by conventional forest management.  As a result, a critical practice for 
emulating wildfire disturbance and conserving natural levels of biodiversity is to 
retain portions of the pre-harvest forest during timber extraction; a process 
referred to as GTR. 
 

4.0  Examples of green-tree retention 
There are many examples of forest practices that result in GTR, most of which 
were developed with silvicultural, not ecological objectives.  The following section 
provides a brief overview of common forest practices that have provided GTR. 
 
Historically, harvest practices that deliberately retained living trees from the 
original stand were primarily motivated as a means of silvicultural manipulation 
and financial gain, such as the seed-tree and shelterwood cuts.  The seed-tree 
method can include cutblocks with one to several dozen trees retained from the 
original stand, distributed individually or in groups.  A defining feature of the 
seed-tree method is that conditions beneath the seed trees (understory) are 
similar to that observed within an open clearcut.  The primary objective of the 
seed-tree system is to provide a seed source for the next stand of crop trees that 
is both natural and inexpensive.  If enough trees are retained during harvest that 
the remaining canopy creates an understory that is shaded, then the harvest 
system is referred to as a shelterwood.  In addition to a source of seed, a 
shelterwood system can also provide for improved regeneration within the 
buffered understory of the residual trees.  Both seed-tree and shelterwood 
systems are examples of even-aged management, whereby the residual stems 
are eventually harvested once their roles as seed and/or shade providers have 
passed. 
 
Diameter-limit harvesting, and uneven-aged management are also examples of 
practices that result in GTR.  Unfortunately, the early misapplication of uneven-
aged management principles throughout the Pacific Northwest, and relative 
success of even-aged management, has resulted in clearcut techniques 
dominating the harvest practices throughout North America (Emmingham, 2002; 
O’Hara, 2002).  Consequently, uneven-aged management systems have not 
come anywhere near their potential application in B.C. 
 
Salvage cutting is also an example of a harvest practice that often results in 
GTR.  Salvage cutting targets only the trees threatened, or already damaged, by 
injurious agents, such as bark beetles, and retains the remainder of the original 
forest.  Mountain pine beetle (Dendroctonus ponderosae) infestations throughout 
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B.C.’s interior provide many examples of cutblocks with GTR that were created 
when infected lodgepole pine stems were salvaged and resistant species, such 
as Douglas-fir, were left standing. 
 
Visual quality objectives, community watershed management, wildlife 
management, principles of ecosystem management, and public opposition to 
large clearcuts are promoting the increased use of low-impact silvicultural 
systems, many of which include some form of GTR (e.g., variable retention 
systems). 
 
While most of these GTR systems were designed with little consideration for 
biodiversity conservation (see Smith, 1986), the value of GTR is today 
recognized as an essential strategy for integrating the demands of both timber 
supply and biodiversity conservation within the same managed landscape (Kerr, 
1999; Lindenmayer et al., 2000; Franklin et al., 2002; Beese et al., 2003; Work et 
al., 2003). 
 

5.0  Management direction 
This document provides a summary of scientific information and is intended to 
aid forest managers in the process of developing GTR strategies for achieving 
specific desired conditions.  Direction is based primarily on the results of two 
scientific studies that were conducted within the Southern Okanagan (see 
Sullivan et al., 2000; 2001; 2005; Sullivan and Sullivan, 2001).  Management 
direction is also guided by relevant scientific studies conducted within 
ecosystems outside of the southern interior of B.C., including the boreal forests 
of northern B.C., Alberta, and Europe, as well as several studies conducted 
within the temperate forests of the Pacific Northwest, U.S.A. 
 

5.1  General information to consider when developing a GTR 
strategy 

5.1.1  Rationale for GTR 
 Many species of plants and wildlife that are associated with late-seral 
forests are not dependent on the age of the forest per se, but rather require 
the structural attributes and associated heterogeneity and microclimate 
provided within these old forests (Chapin et al., 1997; Lindenmayer et al., 
2000; Ecke et al., 2002; Franklin et al., 2002).  When structural attributes of 
late-seral forests are retained with GTR systems, then species associated 
with old forests may be “lifeboated” over the regeneration phase of the 
second-growth stand (DeLong and Kessler, 2000; Zenner, 2000; Vanha-
Majamaa and Jalonen, 2001), thereby increasing the potential for late-seral 
species to persist and repopulate habitats throughout the managed 
landscape. 
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5.1.2  What to retain? 
 Bigger trees are important habitat to more species than smaller trees 
(Mannan et al., 1980; Shaw et al., 2002), but a range of tree sizes is 
important for maintaining a continuum of snag and coarse woody debris 
(CWD) levels, as well as for increased windfirmness (Vanha-Majamaa and 
Jalonen, 2001). 
 Large patches of intact forest are required for retaining microclimates and 
structures associated with old, interior forest habitat as small patches (<1 ha) 
may be completely modified by edge effects that include changes in light 
levels, wind speed, moisture, temperature, canopy structure, woody debris, 
and snow loading (Esseen, 1994). 
 Although large patches provide important habitat, even the retention of a 
single stem can provide valuable habitat and considerably improve the 
biocomplexity of the second-growth stand (Vanha-Majamaa and Jalonen, 
2001; Mazurek and Zielinski, 2004). 
 Because the response of a given species to GTR is species-specific, there 
is no optimal level for GTR that satisfies the requirements of all species 
(Steventon et al., 1998; Vanha-Majamaa and Jalonen, 2001).  Intuitively, 
stands with high levels of GTR (minimal harvesting) generally support plant 
and animal communities typical of late-seral forests, whereas stands with 
low-level GTR (extensive harvesting) will support communities more typical 
of early-seral stands (Steventon et al., 1998; Halpern et al., 1999; Sullivan 
and Sullivan, 2001; Sullivan et al., 2000; 2001).  As a result, stand-level 
strategies for GTR need to be developed with very specific objectives.  For 
example, a GTR strategy may have as an objective to a) enhance mule deer 
(Odocoileus hemionus) winter range, b) maintain populations of red-backed 
vole (Clethrionomys gapperi), or  c) increase the abundance of small 
mammals as a prey source for managing a specific predator that hunts small 
mammals.  Each of these three objectives would be addressed with a 
different GTR strategy. 

 

5.1.3  Fate of retained trees 
 If at least some trees are retained indefinitely, GTR will contribute to a 
continuum of decaying wood by providing a source of snags and CWD 
(Vanha-Majamaa and Jalonen, 2001). 
 Aggregated retention is more windfirm (Beese and Bryant, 1999) and large 
patches experience less blowdown than do small patches (Esseen, 1994). 
 Aggregated retention experiences less harvest damage and associated 
losses due to stem rot and growth reductions compared to stands with 
dispersed retention (Moore et al., 2002).  

 

5.1.4  Feasibility and productivity 
 It has been well documented that GTR systems can result in reduced 
harvest volumes, as well as reduced productivity of the regenerating cohort 
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of crop trees, compared to stands with no retention (Rose and Muir, 1997; 
Acker et al., 1998; Zenner et al., 1998; Buermeyer and Harrington, 2002; 
Deal and Tappeiner, 2002; Mitchell and Beese, 2002) and that dispersed 
retention results in greater negative effects on stand-level growth and yield 
than does aggregated retention (Palik et al., 1997).  In addition, GTR harvest 
operations require a higher level of management to both plan and implement 
and are, therefore, more expensive than clearcut harvest operations (Arnott 
and Beese, 1997).   
 Despite these apparent obstacles to GTR, economic analyses, such as 
those presented by Howard and Temesgen (1997), indicate that alternatives 
to clearcut harvesting can be competitive and, in some cases, even more 
profitable than conventional systems.  The feasibility of GTR systems 
become even more apparent when considering the potential for increased 
access to timber that is unavailable to conventional systems (e.g., patch-
cutting within ungulate winter range) and market incentives for utilizing 
alternatives to clearcut harvesting (i.e., green certification) (Zheng and Min-
yuan, 2002; Rametsteiner and Simula, 2003). 
 The seed source provided by retained Douglas-fir trees will increase the 
number of shade-tolerant Douglas-fir seedlings within a regenerating cohort, 
which would otherwise be highly dominated by shade-intolerant lodgepole 
pine.  Chen et al. (2003) demonstrated that such mixed-species stands are 
more productive than single species stands. 

 

5.2  Local studies 
The following section provides a brief summary of the main results of two 
scientific studies conducted within mixed lodgepole pine and Douglas-fir forests 
of the Southern Okanagan.  Although these studies were carried out within the 
IDFdk and MSdm biogeoclimatic zones (Meidinger and Pojar, 1991), the results 
should be applicable to fire-regenerated lodgepole pine forests throughout the 
Southern Interior Forest Region. 
 
Study A – Small mammals and stand structure in young pine, seed-tree, 
and old-growth forests (Sullivan et al., 2000). 
This retrospective study compared a number of habitat and biodiversity attributes 
within 17-yr-old lodgepole pine stands with, and without, residual stems of 
mature Douglas-fir that had been retained during mountain pine beetle salvage 
cuttings during the late 1970’s.  Attributes within these young stands were also 
compared to old-growth stands.  All stands were located within the MSdm 
biogeoclimatic zone (Meidinger and Pojar, 1991).  This three-year study 
concluded that, 17 to 19 years following harvest, the retention of Douglas-fir 
(mean density of 77 stems/ha, diameter of 38 cm dbh, and basal area (BA) of 8.5 
m2/ha) resulted in a habitat that was more similar to young pine stands without 
retention than to old-growth stands.  However, species diversity and structural 
richness of coniferous trees were significantly enhanced by retention.  In 
addition, the abundance of some species of small mammal was also significantly 
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enhanced by retention.  As a result, the retention of large diameter Douglas-fir 
can have a positive and long lasting impact on the habitat composition and 
wildlife species within these managed stands. 
 
Study B – Influence of fir retention on stand structure and mammal 
communities in mixed Douglas-fir - lodgepole pine forests (Sullivan and 
Sullivan, 2001; Sullivan et al., 2001; 2005). 
This eight-year study compared a number of habitat and biodiversity attributes 
within stands with a wide range of GTR.  Harvest practices included clearcutting, 
single seed-tree, group seed-tree, and patch cutting within mixed Douglas-fir and 
lodgepole pine forests of the MSdm and IDFdk biogeoclimatic zones (Meidinger 
and Pojar, 1991).  Old-growth forests were also sampled for comparison.  
Clearcut stands had no retention, whereas single seed-tree and group seed-tree 
stands retained an average density of 9 and 16 stems/ha and BA of 0.7 and 2.5 
m2/ha, respectively (primarily Douglas-fir).  The patch-cut stands retained 
approximately two-thirds of the original stand (mean BA of 23 m2/ha) with the 
remaining one-third harvested within 0.5 to 0.7 ha openings. 
 
Although total volume of woody debris was similar among all stands, logging 
debris within harvested stands resulted in more small (<5 cm) and medium (5 to 
25 cm) diameter pieces of downed wood than the uncut forest sites.  While there 
were dramatic increases in understory plant abundance associated with 
increased light conditions of the harvested stands, plant communities were 
statistically similar among all stands, eight years after harvest.  The dominance of 
a few species of woody understory plants (possibly a result of the rapid growth of 
a few species growing within the increased light levels at the edge of the 
retention patches) resulted in generally lower diversity of woody plants within 
patch cut sites compared to all other stands.  While any amount of GTR will 
increase the structural diversity of a regenerating stand, only the patch-cut 
stands had significantly more vegetation layers than the clearcut stands. 
 
Harvesting enhanced total small mammal richness and diversity; however, total 
abundance of small mammals was similar among harvested and uncut stands.  
Individual species responded differently to GTR depending on their habitat 
preferences.  Small mammal species associated with open habitat, such as 
meadow voles (Microtus pennsylvanicus) and long-tailed voles (M. longicaudis), 
were inversely related to BA and density of residual trees after harvest, and were 
observed to be more abundant within clearcut and seed-tree stands than within 
patch-cut and uncut stands.  Conversely, abundance of red-backed voles, a 
species associated with late-seral forest conditions, was positively related to BA 
and density of residual trees after harvest.  Red-backed voles were observed to 
persist within the group seed-tree and patch-cut stands during years of high 
abundance, suggesting that an aggregated retention of a minimum of 16 
stems/ha of mature Douglas-fir may provide habitat capable of lifeboating this 
late seral species through the regeneration phase of second-growth stands. 
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During the summer, mule deer appeared to spend more time within the single 
and group seed-tree stands than any of the other stands, which can likely be 
attributed to the increased abundance of forage provided within these recent 
cutblocks.  The observed high use of seed-tree stands relative to clearcut stands 
suggests that, during the summer, deer prefer forage-rich habitat with at least 
some GTR.   
 
During winter months, deer activity was positively related to increasing levels of 
retention and was significantly higher within the group seed-tree, patch-cut, and 
old-growth stands than within the clearcut and single seed-tree stands.  Deer 
activity was highest within the patch-cut stands, which may be explained by the 
combination of snow-interception cover and forage habitat provided within the 
same stand.  Deer were observed to make use of clearcut and single seed-tree 
stands, presumably for the foraging opportunities.   
 

6.0  GTR strategies 
The following section provides a summary of scientific research results that 
describe the response of habitat attributes and wildlife species to various GTR 
strategies.  There are countless potential stand conditions created by GTR that 
form a continuum from one extreme in which only a few trees are retained, to the 
other extreme in which only a few trees are harvested.  For this paper, scientific 
reviews are presented within three broad categories of GTR that are based on 1) 
the amount of retention, 2) the distribution of retention (aggregated or dispersed), 
and 3) the presence of large patches of undisturbed forest and forest floor.  
Management plans to achieve specific desired conditions within cutblocks can 
then be designed by applying one, or a combination of the following GTR 
strategies:  
 

6.1  Strategy #1: dispersed GTR 
(e.g., single seed-trees, wildlife tree retention, salvage cutting, shelterwoods, 
commercial thinning) 
 
Post-harvest stand description 

 In general, a dispersed GTR strategy could retain anywhere from one to 
approximately 100 stems/ha, scattered randomly throughout a cutblock 
without any obvious aggregation of stems.   The forest floor is mechanically 
disturbed throughout the cutblock during harvest and site prep activities.  At 
low-density GTR, influence of retained trees on stand microclimate is minimal 
and the understory resembles conditions found within clearcut stands.  
Noticeable changes in microclimate (i.e., shading of understory) may occur if 
retained trees have very large crowns, or if density of retained trees is high 
(e.g., >50 stems/ha).  Dispersed GTR conditions can also occur at much 
higher densities (e.g., >200 stems/ha) following harvest practices such as 
shelterwwod cuttings or various forms of commercial thinning.  Changes in 
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microclimate from pre- to post-harvest become less with increasing density of 
GTR. 

 

6.1.1  Habitat response 

Abundance, composition, and structure of plant community 
 Understory plants respond to increased light conditions after harvest, 
resulting in an increase in biomass of herbs relative to uncut forests, 
although this response may take several years to be fully expressed (Sullivan 
et al., 2005). 
 Biomass, species richness, and diversity of herb, moss, ground lichen, and 
shrub layers within dispersed (average of nine and 77 stems/ha) and 
aggregated (average stand density of 16 stems/ha) GTR stands may be 
similar to that observed within clearcut stands (Sullivan et al., 2000; 2001; 
2005). 
 North et al. (1996) reported that dispersed GTR of 27 trees/ha resulted in 
enhanced herb and shrub species richness and evenness compared to 
clearcut and uncut stands.  In addition, although the understory plant 
community within the GTR stand was more similar to that of the clearcut 
stand than to the uncut forest, several species of shade-tolerant plants were 
retained within the GTR that should provide an important source population 
for re-establishing these species throughout the cutblock once conditions 
become suitable. 
 Compositional changes in the understory plant community will tend to 
favour early-seral species, whereas late-seral forest species that were 
present within the pre-harvest forest will tend to decrease (Halpern et al., 
1999; 2005).  However, many late-seral forest species may persist within 
managed stands, including clearcuts (North et al., 1996; Sullivan et al., 
2001).  In general, the greater the number of trees retained, the smaller the 
plant community change from pre- to post-harvest conditions (Halpern et al., 
2005). 
 Shade-tolerant plants are often uncommon within the understory of 
conventionally managed stands where the focus is often to promote the rapid 
growth of a shade-intolerant crop tree, such as lodgepole pine.  The result is 
a simplified habitat, with most of the stand’s structure occurring within the 
one layer occupied by the crop trees.  Promoting the development of shade-
tolerant plants within managed stands is, therefore, essential for enhancing 
structural diversity (Zenner, 2000) and biodiversity within managed stands 
(Lindenmayer et al., 2000).  Zenner (2000) reported that structural diversity 
within the understories of managed stands was decreased at high and low 
levels of GTR when understories were dominated by shade-tolerant and 
shade-intolerant plants, respectively.  Structural diversity was maximized at 
intermediate levels of GTR (e.g., ~40 trees/ha), as this provides sufficient 
shade to promote the development of shade-tolerant species within a 
community of shade-intolerant plants (Zenner, 2000). 



 13

 The seed source provided by retained Douglas-fir trees should increase 
the density of shade-tolerant Douglas-fir seedlings within a regenerating 
cohort that would otherwise be highly dominated by shade-intolerant 
lodgepole pine.  Sullivan et al. (2000) reported that the dispersed GTR of an 
average of 77 stems/ha resulted in Douglas-fir seedling densities that were, 
on average, more than 10 times that observed within stands without retention 
(731 and 63 Douglas-fir seedlings/ha with and without GTR, respectively). 
 Lower stocking densities associated with GTR stands, particularly within 
the drip lines of retained trees (Zenner et al., 1998; Buermeyer and 
Harrington, 2002; Deal and Tappeiner, 2002), should encourage both vertical 
and horizontal diversity throughout the rotation (Zenner, 2000). 

 

Snags and woody debris 
 Immediately after harvest, total volume of woody debris may be similar to 
that of uncut forests, however, unless specifically managed for, large 
diameter pieces of woody debris (>25 cm) will likely be uncommon (Sullivan 
et al., 2000; 2001).  Total volume of woody debris will, therefore, likely 
decline within managed stands as the small diameter logging slash 
decomposes. 
 If at least some of the residual trees are retained indefinitely, their eventual 
contributions as dead standing trees (snags) and large diameter woody 
debris will play a key role in the long-term availability of these important 
habitat features (Vanha-Majamaa and Jalonen, 2001), which are often 
lacking within the managed landscape.   
 Cavity trees and woody debris were maintained, or even enhanced, with 
high levels of dispersed GTR (50% BA retention), compared to old uncut 
forests (Bebber et al., 2005). 

 

Arboreal lichens 
 Sillett et al. (2000) noted that foliose, or leafy, lichens of the genus Lobaria 
(a nitrogen fixing cyanolichen important for forest productivity and as forage 
for wildlife) did not require old-growth conditions to be productive, however, 
they were rare within managed stands because of dispersal limitations.   
 Litterfall from both cyanolichens and alectorioid lichens (a fruticose, or 
scrubby, lichen that provides important forage for wildlife) were positively 
related to the number of remnant trees (Peck and McCune, 1997). 
 Stands with dispersed retention (30% timber removal with single tree 
selection) were observed to support similar growth rates of two species of 
fruticose lichens (Alectoria sarmentosa and Bryoria fuscescens - both very 
important food sources for wintering ungulates) as observed within uncut 
forests (Stevenson and Coxson, 2003). 
 In general, most species of arboreal lichen appear to be positively related 
to the number of remnant trees (Peck and McCune, 1997; Sillett et al., 2000).  
In addition, patches of intact forest produce more lichen per tree than do 
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isolated trees (Sillett and Goslin, 1999; Stevenson and Coxson, 2003).  
However, dispersed retention is recommended to encourage the inoculation 
of the regenerating cohort throughout the entire GTR stand (Sillett et al., 
2000). 
 Management for lichen production must carefully consider the particular 
species being managed.  Although productivity of many species of lichen 
appears to be positively related to GTR, some species (e.g., green-algal 
foliose lichens) are reported to be unaffected by retention strategies and 
persist equally within clearcut and GTR stands (Peck and McCune, 1997).   

 

Microclimate and below-ground ecosystem 
 In a coastal setting, dispersed retention of 20 to 30 stems/ha, resulted in 
soil moisture and temperature that was intermediate between uncut and 
clearcut stands (Barge and Edmonds, 1999).  This same study found that 
microbial biomass was higher at 1 m from residual trees than it was at 6 m. 
 Ectomycorrhizal fungus sporocarp production (mushrooms and truffles) 
was significantly decreased within dispersed GTR stands with 15% retention 
(Luoma et al., 2004).  
 Understory light conditions within low-density dispersed GTR stands (e.g., 
5-15 stems/ha) is sufficient for regenerating shade-intolerant trees, however, 
regeneration quickly shifts to shade-tolerant species as level of dispersed 
GTR increases (Drever and Lertzman, 2003). 

 

6.1.2  Wildlife response 

Mule deer 
 Dispersed GTR should enhance mule deer summer range by providing a 
forage-rich habitat with some security cover provided by the retained trees.  
This prediction is supported by Sullivan et al. (2005), who reported that single 
seed-tree stands (average of nine stems/ha) averaged more than twice the 
mule deer activity observed within both clearcut and old-growth stands, up to 
eight years post-harvest (Sullivan et al., 2005).  As the young regeneration 
cohort of crop trees grow and shade the understory, forage production, and 
summer deer use, is expected to decline.  However, the low-density 
regeneration observed beneath retained trees (Buermeyer and Harrington, 
2002), should continue to provide superior, albeit patchy, forage habitat 
compared to stands with no retention. 
 Dispersed retention of only nine stems/ha, while providing more snow-
intercepting and security cover than clearcut stands, was not enough to 
improve the winter range conditions relative to clearcut stands, eight years 
after harvest (Sullivan et al., 2005). 
 Ungulate winter range conditions should improve as dispersed GTR stands 
mature.  The decreased density of the regenerating cohort of crop trees 
(Zenner et al., 1998; Deal and Tappeiner, 2002), particularly within the drip 
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lines of retained trees (Buermeyer and Harrington, 2002), should provide 
enhanced forage opportunities within these open patches.  This patchy 
forage production, coupled with the cover provided by both the retained trees 
and the regenerating cohort (snow interception and security cover), is 
expected to provide valuable winter range conditions, particularly when 
compared to similar aged stands with no retention.  This hypothesis is 
currently being tested.    

 

Small mammals 
 Dispersed GTR stands (average of nine stems/ha) were observed to have 
a total abundance of small mammals similar to that within clearcut stands 
and uncut forests, up to eight years post-harvest (Sullivan et al., 2005).  
Similarly, total small mammal abundance was not affected by dispersed GTR 
(average of 77 stems/ha), 19 years post-harvest (Sullivan et al., 2000).  
However, species-specific responses occurred during both of these studies. 
 Extensive canopy removal during harvesting tends to enhance conditions 
for several species of small mammal that prefer herb- and shrub-rich 
habitats, such as meadow voles, and heather voles (Phenacomys 
intermedius), northwestern chipmunks (Tamias amoenus), western jumping 
mice (Zapus princeps), and montane shrews (Sorex montanus) (Sullivan et 
al., 2000; Sullivan and Sullivan, 2001).  Relative to uncut forests, dispersed 
GTR stands with an average of 9 and 77 stems/ha were observed to 
increase small mammal species richness and diversity, up to eight years 
(Sullivan et al., 2005) and 19 years post-harvest (Sullivan et al., 2000), 
respectively. 
 While red-backed voles were present within low-density dispersed GTR 
stands, retention of even 77 stems/ha did not provide favorable habitat for 
this late-seral forest species, up to 19 years post-harvest (Sullivan et al., 
2000).  However, high-density dispersed GTR observed within two levels of 
shelterwood cuts (30 and 50% BA removal) appeared to maintain, and even 
enhance, populations of red-backed voles, at least two years post-harvest 
(Von Trebra et al., 1998).  This supports the principle that even late-seral 
species can be maintained within managed second-growth stands if provided 
with appropriate GTR. 
 In a coastal study, Carey (2001) reported that dispersed retention of 2.4 
stems/ha of large Douglas-fir contributes to the biocomplexity of managed 
stands and, in conjunction with variable-density thinnings, resulted in an 
increased abundance of northern flying squirrels (Glaucomys sabrinus) and 
Townsend’s chipmunk (Tamias townsendii) 61 years after retention harvest, 
and 5 years after thinning treatments. 

 

Birds 
 Retention of large trees are of value to more species of birds than are 
small trees (Mannan et al., 1980; Shaw et al., 2002). 
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 Birds that have evolved with wildfire disturbance may be able to cope with 
the disturbance caused by harvest practices if accompanied with GTR 
(Schmiegelow et al., 1997; Schiek and Hobson, 2000). 
 Any amount of GTR will contribute to the biocomplexity of managed stands 
and should provide habitat that encourages abundant and diverse bird 
communities (Haveri and Carey, 2000). 
 Within a coastal setting, dispersed retention of 1.2 and 20-30 stems/ha of 
Douglas-fir resulted in bird communities that were dramatically different than 
those observed within uncut forests, two years after harvest (Chambers et 
al., 1999).  Differences in bird communities within these dispersed GTR 
stands were due to an increased abundance of nine species (mostly habitat 
generalists) and decreased abundance of four neotropical migratory species 
and five species with restricted geographic ranges and habitat associations. 
 Dispersed GTR of up to 30 stems/ha was not sufficient to promote bird 
species associated with late-seral forest conditions (Chambers et al., 1999).  
However, structural features provided by low-density (Chambers and 
McComb, 1997), and even single-stem GTR (Mazurek and Zielinski, 2004), 
provided important habitat for many species of birds.  
 Both dispersed and aggregated GTR systems do not appear to increase 
nest predation when compared to uncut forests (Tittler and Hannon, 2000). 

 

6.2  Strategy #2: aggregated GTR  
(e.g., group seed-trees, irregular shelterwoods, small wildlife tree patch, diameter 
limit harvesting, uneven-aged management, salvage cutting) 
 
Post-harvest stand description 

 Aggregated retention strategies can create a wide range of post-harvest 
stand conditions and can include, for example, the retention of a single group 
of five or 10 trees, or several groups of 50 trees or more.  Within an 
aggregate, the forest floor has either been mechanically disturbed during 
harvest and site preparation activities or has been dramatically modified by 
edge effects, resulting in an understory microclimate that is more similar to a 
clearcut than a forest.  In general, aggregates are separated by at least one 
tree length. 

 

6.2.1  Habitat response 

Abundance, composition, and structure of plant community 
 Aggregated GTR within 20- to 100-m diameter patches were too small to 
maintain pre-harvest understory plant communities (Bradbury, 2004).  

 
 Please refer to section 6.1, dispersed GTR, for additional information on 
the impacts of GTR on plant community abundance, composition, and 
structure that is relevant to the design of any GTR strategies. 
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Snags and woody debris 
 Please refer to section 6.1, dispersed GTR, for information on the impacts 
of GTR on snags and woody debris that is relevant to the design of any GTR 
strategies. 

 

Arboreal lichens 
 Transplanted thalli from Lobaria pulmonaria (a foliose lichen) were shown 
to have higher vitality on trees within aggregates compared to isolated trees, 
even though aggregates were as few as four trees (Hazell and Gustafsson, 
1999). 

 
 Please refer to section 6.1, dispersed GTR, for additional information on 
the impacts of GTR on arboreal lichens that is relevant to the design of any 
GTR strategies.   

 

Microclimate and below-ground ecosystem 
 A coastal study found that microbial biomass was higher in the near vicinity 
of retained trees (1 m) than it was at a distance of 6 m (Barge and Edmonds, 
1999). 
 Aggregated GTR with large open areas separating retention patches (e.g., 
>1400 m2) is recommended to provide for understory light conditions suitable 
for regenerating shade-intolerant trees (Drever and Lertzman, 2003). 

 

6.2.2  Wildlife response 

Mule deer 
 Aggregated GTR should enhance mule deer summer range by providing a 
forage-rich habitat with some security cover provided by the retained trees.  
This prediction is supported by Sullivan et al. (2005), who reported that group 
seed-tree stands (average stand density of 16 stems/ha) averaged the 
highest mule deer activity among three GTR strategies (also included were 
single seed-tree and patch-cut stands), and more than twice the activity 
observed within both clearcut and old-growth stands, up to eight years post-
harvest (Sullivan et al., 2005). 
 As the young regeneration cohort of crop trees grow and shade the 
understory, forage production, and summer deer use, is expected to decline.  
However, the low-density regeneration observed beneath retained trees 
(Buermeyer and Harrington, 2002), should continue to provide superior, 
albeit patchy, forage habitat compared to stands with no retention. 



 18

 During the winter, nearly three times more deer activity was observed 
within stands with aggregated GTR (average stand density of 16 stems/ha) 
than within stands with no retention, up to eight years post-harvest (Sullivan 
et al., 2005).   Observed winter use of stands with aggregated GTR was 
presumably related to the combination of cover (snow interception and 
security cover) provided by the aggregates and the forage opportunities 
provided throughout the stand. 
 Ungulate winter range conditions should continue to improve as 
aggregated GTR stands mature.  As the regenerating cohort of crop trees 
close canopy and decrease forage production throughout much of the 
cutblock, the decreased density of the regenerating cohort observed beneath 
retained trees (Zenner et al., 1998; Deal and Tappeiner, 2002) should 
provide improved forage opportunities compared to the more densely 
stocked areas of the cutblock.  This patchy forage production, coupled with 
the cover provided by both the retained trees and the regenerating cohort 
(snow interception and security cover), is expected to provide valuable winter 
range conditions, particularly when compared to similar aged stands with no 
retention.  This hypothesis is currently being tested.    

 

Small mammals 
 Sullivan et al. (2005) reported that aggregated GTR (average stand density 
of 16 stems/ha) resulted in a total abundance of small mammals that was 
similar to that within clearcut stands and uncut forests, up to eight years post-
harvest.  In addition, species richness and diversity of small mammals within 
these aggregated GTR stands were similar to those observed with stands 
with no retention, dispersed GTR (average of nine stems/ha), patch retention 
(one-third of stand harvested within 0.5 to 0.7 ha harvest openings), and 
uncut forest (Sullivan et al., 2005).  However, species-specific responses 
occurred. 
 Up to four years post-harvest, aggregated GTR was reported to support a 
similar abundance of red-backed voles as was observed within uncut forests, 
at least during years of high abundance (Sullivan and Sullivan, 2001).  
However, by eight years post-harvest, abundance of this late-seral species, 
although generally higher than that observed within stands without retention, 
was significantly less than that within uncut forests (Sullivan et al., 2005).  
Consequently, aggregated GTR provides a potential strategy for lifeboating 
this late-seral species of small mammal through the regeneration phase of 
the second-growth stand, although density of retention will likely have to be 
much higher than 16 stems/ha. 

 
 Please refer to section 6.1, dispersed GTR, for additional information on 
the impacts of GTR on small mammal communities that is relevant to the 
design of any GTR strategies.  
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Birds 
 Please refer to section 6.1, dispersed GTR, for information on the impacts 
of GTR on bird communities that is relevant to the design of any GTR 
strategies 

 

6.3  Strategy #3: patch-retention  
(e.g., patch-cutting, single-stem selection cutting, large wildlife tree patches, 
riparian reserves) 
 
Post-harvest stand description 

 Patch-retention is a specific type of aggregated GTR strategy that can be 
distinguished by the presence of large, intact patches of forests.  In addition, 
these forest patches contain forest floor that has not been mechanically 
disturbed during harvest or site prep activities, and is large enough that edge 
effects (changes in light, temperature, wind speeds, moisture, snow loading, 
and woody debris) do not impact the entire patch.  As a result, microclimate 
within a retained patch will have at least some attributes similar to that of 
uncut forests, and will be different from that of clearcut stands.   

 

6.3.1  Habitat response 

Abundance, composition, and structure of plant community 
 Patch retention of approximately two-thirds of total stand area (remaining 
one-third harvested within 0.5 to 0.7 ha openings) did not impact the species 
richness or diversity of the herb layer compared to that of clearcut stands or 
uncut forests, eight years post-harvest (Sullivan et al., 2001; 2005).  
However, species diversity of shrubs and trees was generally lowest within 
these patch cuts and this pattern was presumably due to the dominance of a 
few species within these stands. 
 Compositional changes from late- to early-seral plants was less within 
stands with 40% BA retention than within stands with only 15% BA retention, 
however, distribution (dispersed or within 1-ha patches) did not seem to 
affect species composition (Halpern et al., 2005).  This same study reported 
that late-seral herb species were particularly sensitive to harvest disturbance 
and were more frequently extirpated from harvest areas adjacent to patch 
retention than from stands with dispersed retention (Halpern et al., 2005). 
 Observations of plant community response to patch retention (1-ha 
patches of intact forest) revealed that forest patches supported populations 
of late-seral species that disappeared from, or decreased substantially, within 
adjacent harvested areas (Nelson and Halpern 2005).  Compositional 
changes were much higher within 5 m of patch edge, two years after harvest 
(Nelson and Halpern, 2005). 
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Snags and woody debris 
 An important advantage of a GTR system that retains patches of 
undisturbed forest floor is that existing woody debris is retained (Vanha-
Majamaa and Jalonen, 2001). 

 
 Please refer to section 6.1, dispersed GTR, for additional information on 
the impacts of GTR on snags and woody debris that is relevant to the design 
of any GTR strategies.   

   

Arboreal lichens 
 Within a patch retention stand (30% timber removal with 0.25 ha harvest 
openings), the growth rates of two species of fruticose lichens (Alectoria 
sarmentosa and Bryoria fuscescens - very important food sources for 
wintering ungulates) were reduced along the edges of small openings 
(Steventon and Coxson, 2003). 
 Biomass of two species of lichen, a foliose cyanolichen Lobaria oregona 
and a fruticose green-algal lichen Sphaerophorus globosus, were observed 
to be higher within intact forest patches than they were near the edges of 
patches (Sillett and Goslin, 1999). 

 
 Please refer to section 6.1, dispersed GTR, for additional information on 
the impacts of GTR on arboreal lichens that is relevant to the design of any 
GTR strategies.  

 

Microclimate and below-ground ecosystem 
 Please refer to section 6.2, aggregated GTR, for information on the 
impacts of GTR on microclimate and below-ground ecosystem that is 
relevant to the design of any GTR strategies. 

 

6.3.2  Wildlife response 

Mule deer 
 During summer, mule deer activity within patch retention stands (one-third 
of total area harvested within 0.5 to 0.7 ha openings) was similar to that 
observed within uncut stands, and less than half of that observed within 
seed-tree stands (average of nine to 16 stems/ha), eight years post-harvest 
(Sullivan et al., 2005).  The low activity of deer within the patch retention and 
uncut stands was presumably related to the sparse forage production, 
particularly herbs, observed under the mature tree canopy that dominates 
these stands (Sullivan et al., 2005).   Even within the harvested openings of 
the patch retention stands, shading from the adjacent forest patches may be 
decreasing forage production relative to the larger openings of the seed-tree 
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stands, although this has not been measured.  These research results 
suggest that summer range is positively related to forage production and is 
further enhanced by providing GTR cover, as long as it does not significantly 
reduce forage production. 
 During winter, mule deer activity was higher within patch retention stands 
(one-third of total area harvested within 0.5 to 0.7 ha openings) than any of 
the other GTR stands sampled (average of nine to 16 stems/ha), and was 
even higher than that observed within uncut forest, although this difference 
was not statistically significant (Sullivan et al., 2005).  The deer activity 
observed within patch retention stands and uncut forests indicates that cover 
(presumable both security and snow-interception cover) is an important 
habitat attribute for wintering mule deer; an observation that is supported by 
numerous studies (Kremsater and Bunnell, 1992; Armleder et al., 1994; 
D’Eon, 2001).  However, forage habitat is also important during the winter 
months (Peek et al., 2002), as was indicated by extensive use of low-
retention stands such as seed-tree stands (Sullivan et al. 2005).  Patch 
retention provides mule deer with both cover and forage habitat and clearly 
enhances winter range condition.  Therefore, patch retention provides an 
important tool for managing mule deer populations throughout the southern 
interior of B.C. 

   

  Small mammals 
 In general, patch retention (one-third of total area harvested within 0.5 to 
0.7 ha openings), resulted in small mammal total abundance, species 
richness, and species diversity, that were similar to that observed within 
uncut forests, up to eight years post-harvest (Sullivan et al., 2005). 
 Red-backed voles, although always present within patch retention stands 
(one-third of total area harvested within 0.5 to 0.7 ha openings), usually 
occurred at densities significantly lower than that observed within uncut 
forests (Sullivan and Sullivan, 2001; Sullivan et al., 2005).  However, 
because small mammal abundance estimates represent the densities of 
animals over the entire stand (i.e., harvest openings and forest patches 
combined), it is reasonable to expect that abundance of a late-seral forest 
species, like the red-backed vole, would be considerably higher if sampling 
has focused on the residual forest habitat.  Because of the continued 
presence of this species within the patch retention stands up to eight years 
post-harvest, a conservative interpretation of these data still suggests that 
patch retention strategies should provide suitable habitat for lifeboating small 
mammal species associated with late-seral forests through the regeneration 
phase of second growth stands. 
 Gitzen and West (2002) reported that patch retention using small harvest 
openings (approximately 0.004 to 0.19 ha openings) did not result in an 
increased abundance of early-seral species of small mammal, but rather 
increased the resources for the resident forest species.  
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 Please refer to section 6.1, dispersed GTR, for additional information on 
the impacts of GTR on small mammals that is relevant to the design of any 
GTR strategies. 

 

Birds 
 Large patches are reported to retain more forest bird species than small 
patches (Lindenmayer and Franklin, 1997), particularly for shrub- and tree-
inhabiting birds (Schmiegelow et al., 1997; Schiek and Hobson, 2000). 
 A patch retention strategy designed to emulate low-intensity disturbance 
(one-third of total tree volume harvested within 0.2 ha patch cuts) supported 
similar bird communities to that within uncut forests, two years post-harvest 
(Chambers et al., 1999).  This same study noted that bird community 
composition changed dramatically within lower levels of retention (dispersed 
GTR of up to 30 stems/ha), compared to forest communities.  

 
 Please refer to section 6.1, dispersed GTR, for additional information on 
the impacts of GTR on bird communities that is relevant to the design of any 
GTR strategies.  
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