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Introduction 
Biodiversity conservation has become a defining objective of responsible and 
sustainable forest management.  The current approach for conserving 
biodiversity suggests that forest practices should emulate natural disturbance 
patterns, and by doing so, will ensure that the habitats necessary to maintain 
biodiversity are available.  The dominant natural disturbance type to impact the 
ecosystems of the southern interior of B.C. is wildfire.  Although conventional 
forest practices (e.g., clearcut harvesting) do emulate certain aspects of wildfire 
disturbance (e.g., the removal of large patches of mature trees), fundamental 
differences exist.  In particular, stands initiated by wildfire often include remnant 
structures from the original forest.  For example, throughout B.C.’s interior, it is 
not difficult to find stands that were created by wildfire.  These fire-generated 
stands are easily identified by the large fire-scarred Douglas-fir vets that tower 
over regenerating stands of dense lodgepole pine.  The unique structures 
provided by these large remnants from the original forest provide important 
habitats for many species of plants and wildlife.  As a result, emulating wildfire 
disturbance requires that forest practices retain portions of the pre-harvest forest, 
particularly Douglas-fir, within second-growth stands.  This practice is referred to 
as green-tree retention (GTR).  
 
GTR can also be used to maintain, or accelerate the development of, old-growth 
attributes within second-growth stands.  Clearcutting of mature and old-growth 
forests is seen as a major threat to the conservation of the plant and wildlife 
species that are associated with these late-seral forests.  However, many of 
these late-seral species are not dependent on the age of the forest per se, but 
rather, require the structural attributes provided within these old forests.  
Therefore, if appropriate structural attributes of late-seral forests are retained 
during GTR harvests, species associated with old forests may be “lifeboated” 
through the regeneration phase of the second-growth stand.  The result of a 
successful GTR strategy would be to increase the potential for late-seral species 
to persist within the managed landscape, and thus conserve biodiversity. 

Green-tree retention (GTR) strategies 
Methods of GTR cutting 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).  For the purpose of this document, all GTR strategies 
will be presented within three main groups that are distinguished on the basis of 
distribution of retained stems (dispersed or aggregated) and the presence of 
intact patches of forest with undisturbed forest floor.  Defining features of each of 
the three GTR strategies are provided below: 

Strategy #1: dispersed GTR 
A dispersed GTR strategy would commonly retain anywhere from one to 
approximately 100 stems/ha, scattered randomly throughout a cutblock without 
any obvious aggregation of stems.  During harvest and site preparation activities, 
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the forest floor of a dispersed GTR stand is mechanically disturbed.  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 (e.g., 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 shelterwood cuttings or 
various forms of commercial thinning.  Changes in microclimate from pre- to 
post-harvest become less with increasing density of GTR. 
 

Strategy #2: aggregated GTR 
Aggregated GTR 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. 
 

Strategy #3: patch retention 
A patch retention strategy is a specific type of aggregated GTR 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 preparation 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 those of clearcut stands.  Retained patches are usually at least 1 
ha in size. 

Management direction for developing GTR strategies 
 
Direction for the development of GTR strategies for managing specific habitat 
and wildlife attributes is provided within Tables 1 through 4.  These tables 
provide point-form summaries of the most important results from over 60 
scientific studies documenting the responses of habitat attributes (plant 
community, snags and woody debris, arboreal lichens, and forest floor) and 
wildlife (mule deer, small mammals, and birds) to GTR.  Table 1 provides general 
information, principles, and trends that describe the effect that GTR has on each 
of the habitat and wildlife attributes.  Tables 2, 3, and 4 predict habitat and 
wildlife responses resulting from two levels of dispersed, aggregated, and patch 
retention strategies, respectively. 
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Table 1.  Predicted responses of habitat and wildlife attributes to GTR: general information, principles, and trends to consider when developing GTR strategies. 
   Habitat

Plants 

 low-level GTR strategies tend to encourage shade-intolerant, early-seral plants, whereas high-level GTR strategies tend to encourage shade-tolerant, 
late-seral plants 
 the sometimes dramatic increase in early-seral plants following low-level GTR harvests can cause an increase in species richness and diversity 

relative to uncut forests, however, species richness and diversity are often not affected by GTR 
 structural diversity is enhanced within stands with intermediate-levels of GTR where both shade-intolerant and shade-tolerant plants grow together 
 seed source provided by retained Douglas-fir will enhance the regeneration of this species and will, therefore, increase the tree species diversity 

compared to stands that have a regeneration layer almost entirely made up of lodgepole pine 

Snags and 
CWD 

 initially following GTR harvests, volume of woody debris may be similar to that of uncut forests, however, volume is expected to rapidly decline as 
small diameter woody debris resulting from harvest activities (i.e., logging slash) decomposes 
 snags and large diameter woody debris are generally lacking from harvested stands and will not be available unless specifically managed for 
 leaving at least some residual trees indefinitely will contribute to the long-term availability of snags and large diameter woody debris 
 retention of large patches of intact forest with undisturbed forest floor is an effective way to manage for short- and long-term supply of snags and 

large diameter woody debris 
 snags can be retained with a higher degree of safety and efficiency within aggregates or patches than as isolated stems 

Arboreal 
lichens 

 dispersed GTR will enhance the spread and, therefore, new growth of species of lichen that are limited by dispersal (e.g., cyanolichens and 
alectorioid lichens) 
 stand-level production of species of lichen that are limited by dispersal will be maximized by increasing the number and dispersion of retained trees 

(i.e., increase the number and distribution of propagule sources) 
 species of lichen that are not limited by dispersal (e.g., green-algal foliose lichens) may be unaffected by GTR and may be equally productive 

within clearcut stands and uncut forest 

Forest floor  truffle and mushroom production is positively correlated with the level of GTR and can be increased by increasing the number of retained trees 
 increased microbial biomass is associated with close proximity to retained trees 

Wildlife   

Mule deer 

 summer range is enhanced by low-level GTR primarily because of the forage production associated with canopy removal, but also because of the 
small amount of cover provided by the retained trees 
 winter range is enhanced by GTR strategies that increase forage production while providing patches of snow interception cover (e.g., aggregate or 

patch retention with harvest opening large enough to stimulate forage production)  

Small 
mammals 

 total abundance of small mammals is generally not affected, regardless of GTR strategy 
 increased biocomplexity resulting from any level of GTR will accelerate the development of old-forest structural attributes and enhances habitat for 

small mammals associated with these structures 

Birds 
 retention of larger trees will provide habitat for more species of birds than smaller trees 
 even a single stem will enhance the biocomplexity of managed stands and will increase the abundance and diversity of bird community 
 GTR, aggregated or dispersed, does not appear to increase nest predation compared to uncut forests 
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Table 2.  Predicted responses of habitat and wildlife attributes to two levels of dispersed GTR. 
Level of dispersed GTR 

Attribute Low 
(up to 100 stems/ha) 

High 
(>100 stems/ha) 

Habitat   

Plants 

 increased biomass of understory plants 
 composition of plant community resembles that of a clearcut stand 

more than of an uncut stand (early-seral species dominate), although 
several forest species may persist 
 plant species richness and diversity similar to, or higher than, that of 

uncut forest 
 understory structural diversity may be decreased within stands with  

very low levels of retention where shade-intolerant plants dominate, and 
maximized within stands with intermediate levels of retention (~40 
stems/ha) where a mix of shade-intolerant and shade-tolerant plants is 
encouraged 

 smaller increase in biomass of understory plants than within low-level 
dispersed GTR  
 composition of plant community will have features in common with 

clearcut stands (early-seral species growing where light conditions allow), 
however, many late-seral forest species will persist from the pre-harvest 
stand 
 abundance and species richness of shade-tolerant plants maintained, 

or enhanced  
 understory structural diversity may be decreased relative to low-level 

dispersed GTR due to a lack of early-seral, shade-intolerant plants 

Snags and 
CWD 

 much of the pre-harvest woody debris is destroyed during harvest and 
site prep activities, particularly well-decomposed, soft pieces 

 long-term abundance of cavity trees and woody debris can be 
maintained, or even enhanced, compared to uncut forest 

Arboreal 
lichens 

 only a minor portion of the pre-harvest arboreal lichen productivity is 
maintained 

 single-stem selection harvesting (e.g., 30% BA removal) can result in 
similar production of Alectoria and Bryoria spp. as observed within uncut 
forests 

Forest floor  soil moisture and temperature more similar to that of clearcut stands 
than uncut forests 

 soil moisture and temperature intermediate between that of clearcut 
stands and uncut forests 

Wildlife   

Mule deer 

 superior quality summer range because of enhanced forage production 
 winter range conditions enhanced compared to stands with no 

retention, however, lack of snow interception cover may make these 
retention stands less attractive during deep snow conditions 

 good quality summer range condition compared to uncut forest 
 good quality winter range due to increased forage, however, winter 

use is expected to be less than within patch retention and uncut forest 

Small 
mammals 

 increased abundance of early-seral small mammals associated with 
open habitats 
 similar abundance, richness, and diversity of small mammals as uncut 

forests 

 similar abundance, richness, and diversity of small mammals as uncut 
forests 
 potential for late-seral forest small mammals (e.g., red-backed vole) to 

persist within high-density retention stands 

Birds 

 dramatically different bird communities than found within uncut 
forests 
 increased abundance of habitat generalists 
 insufficient retention to promote late-seral forest birds 

 potential for providing habitat suitable for some shrub- and tree-
dwelling and late-seral forest birds 
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Table 3.  Predicted responses of habitat and wildlife attributes to two levels of aggregated GTR. 

Level of aggregated GTR 
Attribute Low 

(up to 20 stems/ha) 
High 

(>20 stems/ha) 
Habitat   

Plants  understory  similar to that reported for low-level dispersed GTR 
 retention is insufficient to maintain pre-harvest plant community 

 increased probability for late-seral plants to persist within large 
aggregates 

 decreased potential for dispersal and, therefore, stand-level 
productivity of arboreal lichens compared to dispersed GTR 

 increased retention of pre-harvest arboreal lichen productivity 
compared to lower density GTR 
 

Arboreal 
lichen 

 tree-level productivity of some arboreal lichens are enhanced within aggregates (low- and high-level retention) compared to isolated trees 

Forest floor  microclimate presumed to be similar to that noted for low-level 
dispersed GTR 

 at high-density aggregate retention, microclimate may not be suited 
for regeneration of shade-intolerant crop trees unless harvest openings 
between aggregates are large   

Wildlife   

Mule deer  both low- and high-level aggregated GTR provide superior quality winter and summer range 
 winter habitat use of low-level (and presumably high-level) aggregated GTR is equal to that in uncut forests 

Small 
mammals 

 some potential for late-seral forest small mammals (e.g., red-backed 
vole) to persist 

 good potential for late-seral forest small mammals (e.g., red-backed 
vole) to persist 

Birds  bird communities presumed to be similar to those noted for low- and high-level dispersed GTR 
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Table 4.  Predicted responses of habitat and wildlife attributes to two levels of patch retention. 
Level of patch retention 

Attribute Low 
(e.g., a cutblock with up to 50% BA retention within 

one to several 1 ha patchesa) 

High 
(e.g., cutblock with >50% BA retention within 

one to several  >1 ha patches) 
Habitat   

 decreased stand-level abundance of understory plants 
 increased abundance of early-seral plants within smaller forest patches 

compared to the larger patches of the high-level patch retention 
 good potential for late-seral forest plants to persist within aggregates 

 harvest openings dominated by early-seral plants, and interior of 
forest patches dominated by late-seral plants 
 increased abundance of a few species (e.g., shade tolerant shrubs 

released from canopy suppression at the edges of harvest openings) may 
result in decreased species diversity of the shrub layer 

 

Plants 

 the forested areas of both low- and high-level patch retention stands provide excellent potential for late-seral species to persist 
 up to one-half of the pre-harvest woody debris is maintained  at least one-half of the pre-harvest woody debris is maintained Snags and 

CWD 
 

 excellent potential to safely maintain pre-harvest snags within both low- and high-level patches 

Arboreal 
lichens 

 although both low- and high-level patch retention strategies maintain pre-harvest productivity of several species of arboreal lichen within forested 
patches, productivity is often significantly decreased along the edges of these patches 
 dispersal limitations of many species of arboreal lichens imply that the regeneration cohort within the harvested openings will experience decreased 

lichen inoculation compared to stands with dispersed retention 

Forest floor 
 both low- and high-level patch retention create at least two distinct microclimates 
 depending on the size of a forest patch, conditions will approach those observed within uncut forests 
 depending on the size of a harvest opening, conditions will approach those observed within clearcut stands  

Wildlife   
 superior quality mule deer winter range  if harvest openings are large enough to stimulate abundant understory 

forage, then high-level patch retention can provide excellent winter range 
  Mule deer 
 both low- and high-level patch retention provide poor quality summer range due to the relatively small forage production compared to lower level 

retention strategies such as dispersed and aggregated GTR 

Small 
mammals 

 similar abundance, richness, and diversity of small mammals as for 
uncut forests 
 good potential for late-seral forest small mammals (e.g., red-backed 

voles) to persist  

 excellent potential for late-seral forest small mammals (e.g., red-
backed voles) to persist  
 no increase in early-seral species of small mammal 

Birds  shrub- and tree-inhabiting birds should be retained  similar bird communities as in uncut forests 
a The minimum size for an aggregate to be considered part of a patch retention strategy requires that at least one point within a retention patch is at least two 
average tree lengths from any harvest disturbance.  Assuming an average tree height of 30 m, this would require a minimum patch size of approximately 1.1 ha 
(or a circular patch with a radius of 60 m).  
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