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Popular Summary

Retention planning for wildlife 
habitat and biodiversity during 
salvage harvesting, and some 
obstacles to implementation
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Presentation Abstract
There are clear social expectations that wildlife habitat, biodiversity, and ecosystem processes need to be 

protected in British Columbia. The Forest and Range Practices Act (frpa), and higher-level plans such 

as Land and Resource Management Plans, identify the need to protect and manage non-timber forest 

resources. However, accelerated salvage to recover timber affected by the current mountain pine beetle 

epidemic may undermine the ability to achieve non-timber objectives unless appropriate retention prac-

tices are implemented. We review some of the issues that underlie the need for stand- and landscape-level 

retention in areas of large-scale salvage harvesting. Stand-level retention should focus on retaining large 

live trees and snags as well as immature and mature trees (especially non-pine species), and protecting 

advanced regeneration. Landscape retention complements stand retention and key habitat issues that need 

to be considered include retaining mature and old forest, maintaining connectivity, establishing enhanced 

riparian reserves and management zones, prompt access management, and maintaining the heterogene-

ity of treatments. Forest management professionals, tenure holders, and other stakeholders should form 

landscape planning coalitions to ensure that the management of non-timber resources is addressed with 

the same technical rigor and attention to detail as timber values.
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Introduction  

Certain aspects of the current mountain pine bee-
tle (mpb, Dendroctonous ponderosae) attack in 
British Columbia, including the likely progres-

sion of the attack, effects on short- and longer-term tim-
ber supply, wood quality issues, and possible effects on 
hydrology, have been examined in some detail (e.g., Eng 
et al. 2005; also see http://www.for.gov.bc.ca/hfp/moun-
tain_pine_beetle/stewardship/hydrology/). It appears 
that there is relatively little that can be done to diminish 
the extent or severity of the current attack, and given 
the scale of potential economic losses, salvage harvesting 
in stands attacked by mpb will continue to be a priority 
for several years. By itself, the loss of extensive areas of 
live mature timber represents a significant challenge to 
maintaining habitat for identified species of wildlife and 
for biodiversity in general. Salvage harvesting is likely 
to further diminish stand structure that would have 
remained following an mpb attack, and unless retention 
strategies are adequately developed and applied, could 
have undesirable effects on wildlife habitat (Linden-
mayer et al. 2004). 

Historically, natural disturbances were often viewed 
as “catastrophic events” or “disasters” that disrupted the 
balance of nature and caused widespread and undesir-
able disruptions to ecosystems. This view has largely 
been replaced by a more dynamic, non-equilibrium view 
(see Pickett and White 1985; Botkin 1990) where eco-
systems recover from and are likely dependent on many 
types and spatial scales of natural disturbances. Severe 
disturbances such as the 1980 Mt. St. Helens eruption 
or the 1988 Yellowstone fires, were initially viewed as 
catastrophes, but subsequent research has shown that 
despite their severity, succession is proceeding towards 
the re-establishment of the former vegetation com-
munity (Turner et al. 1997). Furthermore, these areas 
clearly demonstrate the importance of remnant vegeta-
tion and residual structure in shaping the direction 
and speed of succession (Foster et al. 1998; Turner et al. 
1998). Structure within disturbed areas is critical for two 
key reasons: 

1. it provides a “lifeboat” function for species that rely 
on structural attributes (e.g., large live trees or snags, 
downed wood, abundant lichens, etc., [Franklin et al. 
2000]) usually associated with mature or old forests, 
and 

2. structural legacies and the species that use them 
represent the “ecological memory” (Bengtsson et al. 
2003) that is critical if disturbed ecosystems are to 

regain the species and processes that existed prior to 
disturbance. 

Natural disturbances are characterized by complex-
ity, not only in the return interval of the disturbance, 
but also in the amount and dispersion of live and dead 
structural legacies that remain following the distur-
bance. For example, within the perimeter of a wildfire, 
unburned areas representing up to 25% of the overall 
area are common (Eberhardt and Woodard 1987; De-
long and Tanner 1996). As the size of the wildfire distur-
bance increases, the size range of green residual patches 
also increases. Similar patterns of variable mortality 
within stands and across landscapes also characterize 
mpb attack (Table 1), as the level of mortality depends 
on a number of factors including the species composi-
tion, basal area, age, stand density, location of the stand, 
and mpb populations in the surrounding area. Across 
multiple stands, variability in the severity of attack, 
along with no attack in non-pine stands, is common. 
The current mpb outbreak is extensive and of high se-
verity across the interior of British Columbia, presenting 
a challenge to retaining mature green trees in lodgepole 
pine-dominated landscapes. Although salvage harvest-
ing is inevitable in most areas affected by mpb within the 
timber harvesting landbase, good habitat management 
practices can be implemented during the salvage of 
individual stands and at broader spatial scales to ensure 
adequate retention is left, and that the retained areas are 
located in critical habitats and spatially arranged to be of 
greatest value to wildlife and biodiversity. 

Stand-level Retention

Within individual salvage blocks, retention practices 
should maintain important mature forest structures 
that are diminished during salvage operations, includ-
ing large live trees, large declining or recently dead 
stems, and snags and large downed wood representing a 
diversity of sizes and decay (Franklin et al. 2000). Such 
features are used or required by approximately 35–40% 
of the terrestrial forest-dwelling vertebrates (Bunnell 
et al. 2004) and can be maintained in the salvage area 
through the retention of individual trees or a combina-
tion of individual structures and patch retention. Many 
retention options are possible, with some examples 
identified in Figure 1. Several practices would help to 
maintain habitat within the salvage block and comple-
ment the habitat value of retention patches. 

1. Partial retention harvesting is an application of 
variable retention harvesting (Mitchell and Beese 
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2002) and will help to maintain a component of the 
mature green tree and snag structure of the original 
stand, while allowing for the removal of much as 
75% of the timber. Where residual volume is left in 
areas of partial retention harvesting, further harvest 
should not be anticipated. Residual volume can 
include advanced regeneration, mature stems re-
cently killed or in the process of being killed by mpb, 
and green mature stems (where available) that will 
remain alive or serve as long-term snag and downed 
wood recruitment material.

2. Well-designed partial-cut harvesting systems that are 
appropriate for the stand type and where the resid-
ual timber has a reasonable likelihood of surviving 
to the next planned entry (i.e., following green-up 

on the remainder of salvage block) will enhance the 
habitat value of retention patches. The placement of 
these areas should be carefully planned to  
increase the benefits to other values such as water-
shed hydrology and visual impact, and to avoid iso-
lating future timber from areas of permanent access. 
Clear-cutting mixed-species stands would represent 
a sharp departure from the structural conditions 
that would develop in the absence of salvage harvest-
ing (Table 1).

3. Retain downed wood, especially large, intact pieces, 
well dispersed across the site, wherever feasible. 
Scattered small piles of downed wood (e.g., 10–20 
m3) would complement dispersed downed wood by 
providing subnivian access points for species such 
as marten.

Structural Attribute Treatment

High density of medium (20–30 cm dbh) and  
large (> 30 cm dbh) snags

Well-dispersed single tree, small group (100–2000 m2), and 
larger patches (> 0.25 ha) as wildlife tree retention areas

Between 5 and > 50% medium and large trees  
left alive, selective mortality of Pl

Designate wildlife tree retention patches in areas where 
some medium and large trees are likely to survive

Identify areas within the block where species 
composition would allow for partial cutting 
in one or more subunits of the block

Dispersed snags and live trees Identify well-dispersed single tree, small group, 
large patch, and partial retention strategies (< 75% 
volume removed, with residuals representative 
of pre-harvest species and diameter profile)

Keep distances between retention patches (partial cutting, 
wtr, and partial retention) to < 150 m wherever possible

Early and advanced Pl and non-Pl regeneration 
in the understorey

Protect advanced regeneration wherever possible

Downed wood widely distributed Attempt to retain as much large downed wood  
(> 15 cm, and preferably > 30 cm diameter) as possible, 
especially long pieces, well dispersed across the site

Riparian areas with a higher proportion of large 
live trees

Develop enhanced riparian reserves or riparian management 
areas around streams and wetlands using partial cutting, 
wildlife tree retention or partial retention practices

Little or no access  
 

Identify opportunities for access management in the 
retention plan for the block and the landscape in general, 
and promptly deactivate road systems wherever possible

table 1. Some within-stand structures that would likely be created during an MPB attack in a mature lodgepole pine 
stand, and activities that would help to maintain important aspects of these conditions during salvage harvesting.
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4. As the size of the salvage block increases, the need 
for and amount of retention also increases. In large 
openings (e.g., > 500 ha), the influence of mature 
forest surrounding the opening diminishes and 
higher levels of retention (approaching 25% or 
more, Eng 2004) represented by individual trees, 
retention patches, riparian reserves, partial reten- 
tion, and partial cutting are essential to maintain 
habitat values.

Landscape-level Retention

Landscape or multi-stand issues have an important 

bearing on the need for and nature of retention within 

individual salvage blocks. Multiple stand-level salvage 

operations often coalesce into salvaged landscapes rep-

resenting 10 000 ha or more. In these circumstances, the 

amount, type, and location of retention is important to 

maintain habitat for wildlife and biodiversity. Retention, 

figure 1. Conceptual examples of retention options for a large (250-ha) mpb clearcut (cc) salvage block. Retention 
includes Riparian Reserves and Management Zones (rrz and rmz), Wildlife Tree Reserves (wtr), Partial Retention, 
and Partial Cutting. (a) Minimum retention practices (e.g., 19 of 250 ha or 7.5%); (b) Retention practices that 
leave more (e.g., 38 of 250 ha or 15%) but widely dispersed structural diversity and legacies in a large MPB 
salvage area; (c) Retention practices that use a similar level of retention as in (b) but with improved dispersion to 
effectively address habitat connectivity. Most retention patches are within 150 m of other retention patches; (d) A 
combination of retention, partial retention, and partial cutting to achieve a greater amount (50 of 250 ha or 20%) 
of well-dispersed structural diversity.
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if not located appropriately, may be of limited value and 
planning should consider the diverse needs of many or-
ganisms (D’Eon et al. 2002). Several wildlife habitat and 
biodiversity issues should be considered when planning 
retention at the landscape level.

1.  The amount of mature and late seral habitat. Al-
though there is little long-term research to evaluate 
the success of different retention practices in ad-
dressing wildlife concerns in relation to extensive 
salvage harvesting, there is good indication that 
increasing retention levels at both the stand and 
landscape level is appropriate (see discussion in 
Eng 2004; Snetsinger 2005). A conservation “uplift” 
provides a mechanism to retain increased levels of 
structure to offset the negative effects of the exten-
sive loss of mature and late seral forest.

2. Patch size and the dispersion of leave areas, which af-
fect habitat connectivity and isolation. For example, 
species such as marten (Huggard 1999) seldom for-
age more than 50 m away from a forest edge and are 
reluctant to cross large openings (e.g., > 100 m).

3. Access management. New roads built to reach sal-
vage areas can affect habitat quality and may exacer-
bate stream sedimentation with associated undesir-
able effects on aquatic biota (Forman and Alexander 
1998). These effects can be reduced by keeping the 
amount of new roads to a minimum and deactivat-
ing existing or new roads promptly.

4. A diversity of treatments. One of the key principles 
of managing habitats to maintain biodiversity is to 
maintain heterogeneity (Lindenmayer and Franklin 
2002). A key characteristic of natural disturbance is 
variability in the intensity, frequency, duration, and 
severity of the disturbance. However, unless care-
fully addressed, this variability can be lost through 
poorly planned salvage harvesting (Lindenmeyer et 
al. 2004).

We suggest that, in addition to retaining increased 
levels of structure in large openings, increased reten-
tion be allocated to areas where much of the landscape 
is available for timber harvest, or where mpb salvage 
operations will strongly reduce the amount of mature 
and late seral habitat (e.g., to < 33%; see Figure 2). In 
addition to these general conditions, landscapes where 
higher-level plans identify priority species that require 
mature or old forest conditions, or where visual re-
sources or watershed issues are a concern, may require a 
retention uplift (Klenner 2006).

Obstacles to Implementing Variable 
Retention 

A strong body of evidence clearly indicates the ben-
efits of structural retention in harvested stands and the 
need for well-designed retention at the landscape level 
to ensure suitable habitat is maintained in appropriate 
places, but there is little evidence to indicate a consistent 
and structured approach to addressing retention is being 
applied in mpb salvage operations. Wildlife habitat and 
biodiversity issues have been recognized as important 
factors to address in salvage operations (e.g., Kamloops 
tsa mpb Strategy 2006), but there appear to be impedi-
ments to moulding these concerns into a regional or 
provincial strategy. We suggest that there are three key 
obstacles that interfere with developing a more rigorous 
approach to retention planning.

1. There is little co-ordination in the planning and im-
plementation of strategic land use objectives at the 
landscape or watershed scale. British Columbia has 
moved from a more prescriptive regulatory environ-
ment under the Forest Practices Code, to a “results-
based” model under the Forest and Range Practices 

figure 2. Conceptual representation of the allocation 
of a retention or conservation “uplift” in addition to 
existing requirements (e.g., Forest and Range Practices 
Act Regulations). Areas where a relatively small 
proportion of the landscape is available for timber 
harvesting and where most remains as mature forest 
following salvage (top left of figure) may require little 
or no additional retention. Areas where most of the 
landscape is available for timber harvesting and where 
most is early seral condition following salvage (bottom 
right of figure) may require up to 15% additional long-
term retention.
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Act (frpa). A high level of uncertainty exists regard-
ing the role of various players that formerly co-
ordinated land use planning (i.e., agency staff, public 
stakeholders, forest tenure holders, other commer-
cial interests, etc.). Procedures to co-ordinate the 
multiple licensees that manage shifting tenures, and 
adherence to maintaining identified resource values 
within areas addressed by former land-use planning 
initiatives (e.g., Land and Resource Management 
Plans), are poorly developed at best. This condition 
is exacerbated by uncertainty surrounding the rela-
tionship between regulatory waivers associated with 
salvage logging, professional reliance (a key under-
pinning of frpa), and the balance of resource values 
by tenure holders (Reader 2006).

2. Lack of incentives to implement structured and 
consistent retention planning and applications. A 
mechanism has not evolved to track and reward 
tenure holders for the application of well-designed 
retention plans for wildlife habitat, biodiversity, or 
other resource values. Unless a “conservation” or 
“stewardship” credit system evolves, the tension be-
tween short-term economic issues (e.g., operational 
and appraisal costs) is unlikely to be resolved. Forest 
Stewardship Certification is one, albeit long-term, 
incentive to implementing well-designed retention 
planning, but this needs to be complemented with 
more immediate measures that relate to salvage har-
vesting in the context of the current mpb outbreak.

3. Enforcement of the frpa regulations and profes-
sional practices and ethics. Although a last resort to 
prevent socially unacceptable conduct by a tenure 
holder or licenced professional, enforcement of 
regulations identified in frpa appears to be ex-
tremely complex. It may be difficult or impossible to 
measure non-compliance where clauses such as “to 
the extent practicable” allow variance from achiev-
ing some biodiversity objectives. This creates a high 
degree of uncertainty around both legal and profes-
sional expectations to meet some frpa objectives 
(i.e., biodiversity) for which measurable benchmarks 
are not clearly defined (see Reader 2006). Issues 
relating to non-spatial Forest Stewardship Plans, 
shifting and non-spatial volume based tenures, a 
tenure holder’s freedom to balance resource values, 
the non-binding nature of Forest Practices Board 
reports or “guidance” documents, and the complex-
ity of evaluating long-term cumulative ecological 
impacts will likely frustrate the enforcement of 
principles identified in frpa.

Moving Forward

Despite the many obstacles that may frustrate attempts 
to develop and implement retention planning to main-
tain wildlife habitat and biodiversity during salvage 
harvesting, excellent examples of retention applications 
exist. Where salvage harvest has been completed, a care-
ful analysis of post-salvage conditions and reconciliation 
with wildlife habitat and biodiversity needs is an urgent 
priority to identify changes to existing plans or practices 
that would benefit ecological values. Although the infra-
structure for co-ordinated landscape planning is poorly 
developed, informal landscape planning coalitions can 
play an important role in identifying values and ap-
proaches to achieving them and, in the process, build 
long-term relationships between stakeholders. 
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