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EXECUTIVE SUMMARY 
 
Monitoring habitat elements is a “medium-filter” approach that focuses on ensuring “the amount, 
distribution, and heterogeneity of habitat and landscape structure important to sustain biological 
richness are maintained over time”.  Biological richness is commonly approached at a broad 
level across the landscape, but less in known about managing habitat elements in second growth 
stands.  
 
This monitoring strategy contains details related to the literature reviews, methodologies, 
thresholds and sample plans for selected habitat elements and implementation of effectiveness 
monitoring in 2nd growth stands of the Prince George Timber Supply Area.   
 
Information on habitat elements has been integrated with management objectives and clear 
connections are made to forest planning and practices for assessment of forest management 
success across the managed forest landscape, where possible.  The monitoring strategy and 
protocols presented herein are designed for cost-effective, science-based, repeatable and 
defendable approaches to monitoring that would allow specified feedback to forest managers and 
sustainable forest management planning and practices. 
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1.0 INTRODUCTION 

1.1 Project Background 
This report was undertaken in support of the Sustainable Forest Management (SFM) 
Performance Requirements and the Criterion for Conservation of Biological Diversity (PG 
SMFP Version 5.1 2006), which is defined as “biological richness and its associated values are 
sustained within the management unit”.  More specifically, this project addresses Indicator 2 of 
the Criterion (Bunnell et al. 2003), which is a “medium-filter” approach that focuses on ensuring 
“the amount, distribution, and heterogeneity of habitat and landscape structure important to 
sustain biological richness is maintained over time”. 
 
The diversity of living organisms in all their forms and levels of organization including 
ecosystems is a required component of SFM planning for both certification schemes (CSA Z809-
02 Standard for Sustainable Forest Management) and the Forest and Range Practices Act (FRPA 
2002).  To meet the requirements of both SFM planning and the results-based forest practices 
code, forest companies are obligated as crown land tenure holders, to develop management plans 
to meet the desired objectives around biodiversity conservation, and develop indicators that can 
demonstrate how well they are achieving these goals (Pendergast 2002). 
 
Canfor Ltd. as well as numerous other licensees within the Prince George Forest District have 
committed to the development of monitoring strategies to assess the success of forest 
management approaches in sustaining biological diversity on tenured landbase (PG SMFP 2006).  
Additionally, both the Vanderhoof and Fort St. James Sustainable Forest Management (SFMP) 
plans use a criteria and indicator framework to identify and manage for and maintain key 
environmental and socioeconomic values on the forest landscape.   
 
A variety of management approaches that address the maintenance of biological richness and its 
associated values within the management unit are recognized and include measures of: 
ecosystem representation, habitat elements, and specific organisms (Noss and Cooperrider 1994; 
Lindenmayer and Franklin 2002; Bunnell et al. 2003; Hannon and McCallum 2004).  With a 
focus on “the amount, distribution, and heterogeneity of habitat and landscape structure” the 
“medium-filter” approach is monitoring habitat elements, which is designed to capture the 
habitat requirements of many species (Wells et al. 2003).   
 
Developing monitoring strategies to assess the effectiveness of meeting and establishing 
threshold goals of forest management may allow such monitoring programs to be implemented 
across managed and second growth forested landscape.  Utilizing a medium filter approach to 
monitor habitat elements in tandem with both fine (species level) and coarse-filter (landscape 
feature) approaches will likely provide the broadest understanding and assessment of wildlife 
habitat qualities and quantities in an operational setting. 
 
We have two objectives for this report.  The first is to develop a strategy for monitoring habitat 
elements related to biodiversity in second growth stands in the Prince George Forest District.  
The second is to design a sample plan for assessing the quality of habitat elements in second 
growth that is cost effective and that could be implemented across the Prince George Timber 
Supply Area (TSA) study area. 
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1.2 Study Area 
The Prince George Forest District is one of three forest districts in the Prince George Timber 
Supply Area (TSA) situated in the north-central interior of British Columbia.  The PG TSA is 
one of the largest management units in the province covering approximately 7.5 million hectares.  
The TSA stretches from the Alberta border at its southeast corner to Tweedsmuir Provincial Park 
along its southwest arm and to the Spatsizi Plateau Wilderness Park in the northwest (Figure 1).  
The other two forest districts within the TSA are: Vanderhoof and Fort St. James.  The TSA has 
the largest annual allowable cut (AAC) of any management unit in the province, which is 
presently over 14.9 million m3/year (Pedersen 2004).   
 

 
Figure 1. Map of the Prince George TSA (Ministry of Forests and Range website; 2006). 

 
The central and southwestern portion of the Prince George TSA is fairly flat and rolling with 
gentle slopes, and supports forests of predominantly lodgepole pine (Pinus contorta var. 
latifolia) and interior hybrid white spruce (Picea engelmannii x glauca).  The eastern part of the 
TSA runs along the Rocky Mountains where spruce and subalpine fir (Abies lasiocarpa) 
dominate the higher elevations, and forests of large old western redcedar (Thuja plicata) and 
western hemlock (Pseudotsuga heterphylla) dominate the lower elevations.   
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The northwestern portion of the TSA is covered by the Omineca and Skeena mountain ranges.  
In this part of the TSA, pine dominates the valley bottoms, spruce the lower and mid slopes, and 
subalpine fir the upper slopes.  The TSA includes the Fraser, Nechako, Stuart, Skeena, Sustut, 
Nation, Parsnip and McGregor river systems, as well as numerous lakes of all sizes.  On drier 
upland sites Doulgas-fir (Pseudotsuga mensiezii) occurs sporadically and in moist lowlands 
Black Spruce (Picea mariana) can be found.  There are four forested biogeoclimatic zones in the 
study area, including the Interior Cedar Hemlock (ICH), the Sub-Boreal Spruce Zone (SBS), 
Sub-Boreal Pine Spruce (SPBS) zone and the Engelmann Spruce-Subalpine Fir zone (Meidinger 
and Pojar 1991).   
 
The study area is currently undergoing a significant Mountain Pine Beetle (Dendroctonus 
ponderosae, Hopkins) (MPB) outbreak that is unprecedented in scale and scope.   
 

2.0 METHODOLOGY 
 
This habitat elements monitoring strategy addresses heterogeneity (structural and compositional 
complexity of habitats) across the managed second growth forest landscape.  We consider 
heterogeneity as: 
 

• something created and maintained by processes over time 
o disturbance vs. successional processes 

• varying with scale of assessment (landscape and stand) 
• defined by forest structures at a given point in time (e.g., seral stages) 
• influenced by the surrounding matrix (e.g., riparian areas, WTP, roads, etc.) 

 
Our approach emphasizes that for efficient ecosystem management and species conservation, 
knowledge of species population and habitat dynamics must be placed in a real-world spatially 
explicit environmental context, where the environment cannot be just simplified to “habitat” and 
“non-habitat” areas. 
 
Four steps were utilized in developing this strategy for monitoring terrestrial and physical habitat 
elements in second growth stands in the Prince George TSA.  These include: 
 

1. Identify habitat elements (landscape versus stand level attributes) and associated forest 
attributes that relate to biological diversity, connect directly with species, and are 
manipulated by forest practices.   

 
2. Assemble and review the scientific and technical literature on species-habitat 

relationships and assess the compatibility of available data (e.g., aerial photos, cruise 
data, etc.) related to identified habitat attributes within the managed forest landscape 
context.   

 
3. Evaluate identified attribute indicators according to the ‘SMART’ criteria (Specific, 

Measurable, Achievable, Relevant, and Time-bound).   
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4. Detail the sample plan methodology and provide rationale for the proposed monitoring 
strategy for assessing 2nd growth stands for habitat quality. 

 

2.1 Strategic Framework 
Implementation of this strategy and the ability to manage forested ecosystems so that “the variety 
of biological elements are conserved across a range of temporal and spatial scales” (Canfor 
2002), relies heavily on licensee’s adaptive management processes and rigorous and continual 
evaluation and improvement of management approaches and practices (Bunnell et al. 2003; 
Wells et al. 2003).  We attempt to develop these SFM-compatible activities that utilize current 
forest science and research and presents unambiguous and efficient methodology for monitoring 
and facilitation of effective biodiversity assessments within the operational setting (FIA 2005a).   
 
There are four main steps recognized as a part of the adaptive management process (Bunnell et 
al. 2003; FIA 2005b). In this strategy we have focused on the first step, which is to set clear 
objectives and initial thresholds.  To this end we have attempted to integrate our scientific as 
well as operational knowledge of species, habitats requirements, and forest structures that occur 
across the managed landscape to provide the framework for monitoring habitat elements for 
biodiversity conservation.  This work follows preliminary evaluations of local-level indicators of 
the Prince George TSA completed by Wells et al. (2003).  The set of indicators, identified by 
Bunnell et al. (1999), are the focus of this habitat element monitoring strategy. 
 
Bunnell et al. (1999) identified six key habitat elements for vertebrates based on an extensive 
review of studies conducted throughout the Pacific Northwest (Alaska, Alberta, British 
Columbia, Wash., Oregon, Idaho, Montana, northern Nevada, and California).  These six 
structural elements are: Dead and dying trees (snags), Downed wood (course woody debris), 
Hardwood (canopy composition), Shrubs, Seral stages (age class distribution), and Riparian. 
 

2.2 Literature Search 
Phase I of this project defined the information gathering stage of the project, consisting of 
literature searches to assemble pertinent information regarding the identified second growth 
forest habitat elements.  We queried a number of sources, including the University of Northern 
B.C. catalogue and online databases, Ministry of Forests and Ministry of Environment libraries, 
reports from the Forest Investment Account (FIA) website, online articles, internal Canfor 
literature, internal Manning, Cooper and Associates Ltd. literature, and experts in the field.  
Sources germane to the topic were classified as 1 – Peer Reviewed Literature, 2 – Masters/Ph.D. 
thesis, 3 – Technical Report, 4 – Management Plan, 5 – Expert Opinion, and 6 – Workshop 
Proceeding. 
 

2.3 Indicator Assessment 
Forest structures that relate to biological diversity, connect directly with species, and are 
manipulated by forest practices are numerous.  Therefore, evaluating the utility and merit of key 
structural elements for purposes of monitoring is an important first step in developing cost-
effective monitoring strategies to assess habitat values of second growth forests. 
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Phase II of this project focused on assessing habitat element indicators for monitoring according 
to SMART criteria.  The criteria are: 
 

1. Specific – monitoring attributes are tied to a specific habitat element 
2. Measurable and quantifiable – indicator can be described numerically  
3. Achievable – targets set with each indicator can be feasibly met  
4. Relevant – indicators are associated to the history and use in other SFM plans and 

projects with similar objectives 
5. Time-bound – habitat attributes have a temporal element to set realistic goals supported 

by scientific research 
 

Each criterion is scored from 0 (poor) to 3 (good), giving a maximum possible score of 15 for 
any indicator.   
 
In addition to the above considerations we asked a number of complementary questions of each 
indicator to further test the criteria of each attribute and develop a rationale to adopt certain 
attributes for potential implementation into and effectiveness monitoring program.  These 
questions included: 
 

 Are the forest management objectives related to each indicator clearly stated? 
 Are the attributes selected for monitoring tied to specific management objectives? 
 Are the attributes associated directly with specific habitat elements? 
 Is there a clear understanding of the natural range of variability of each indicator over 

time? 
 Are the attributes measurable and are there existing inventory data available for their 

assessment? 
 Are sampling methods available? Cost effective? 
 Are each attributes compatible with a sampling plan to ensure reliable estimates of 

indicators? 
 What level of variance is acceptable to consider targets achievable?  
 Are the attributes sensitive/responsive to management activities within the desired time 

frame? 
 Can the public interpret the result and make a judgment without having information 

interpreted for them? 
 
Included in the indicator assessment we considered potential sources of existing data and 
methodologies that could be used to monitor habitat elements in second growth forests.  
Additionally, we present appropriate habitat element thresholds where relevant information was 
available for regional target determinations. 
 

2.4 Pilot Testing Process 
 
The pilot testing process of this strategy defines Phase III, which would include a full 
consideration and testing of inventory and other datasets available for monitoring particular 
habitat attributes of 2nd growth forests.  This would occur once indicator evaluations are 
approved and Phase III funding was made available. 
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Preliminary use of spatial forest cover data, including Vegetation Resource Inventory (VRI) and 
Predictive Ecosystem Mapping (PEM) data for the Prince George Timber Supply Area (Mahony 
2006), would allow integration of the monitoring strategy framework and forest management 
objectives as well as allow the implementation area to be defined and candidate monitoring sites 
to be selected.  Additionally, where applicable, the use of results and analyses completed by 
Canfor Ltd., or other tenure holders within the subject area, or by contractors on their behalf, 
would ensure consistency between project approaches, forest management objectives and allow 
efficiencies of scope to be realized when implementing monitoring strategies. 
 

3.0 MONITORING STRATEGY 
 
The general objective for biological effectiveness monitoring is to evaluate the success of 
sustaining biodiversity by measuring specific indicators or biological/physical elements.  In order 
to do so, forest management objectives/criterion first need to be directly related to monitoring 
attributes (FIA 2005b).  Clearly stated forest management objectives and thresholds are critical 
components of the forest management process (Golding and Manning 2006).  Developing 
management targets first requires a thorough understanding of the values associated with each 
attribute.   

3.1 Literature Review 
 
There is an extraordinary amount of literature related to habitat elements identified in this 
strategy Appendix 1.  However, very little previous work has been focused within the context of 
second growth forests.  In order to simplify our approach we have assumed that habitat elements 
and associated indicators described in the context of regional forest types are appropriate for the 
purposes of our assessment as they related directly with specific forest management objectives 
defined for the Prince George Forest District. 
 
Habitat elements and indicators of second growth forests are reviewed below and literature is 
presented in table format (‘Habitat Elements and Indicators for Monitoring 2nd Growth Forest 
Quality’) in Appendix 2.  We defined the six attributes as either stand-level habitat elements or 
landscape-level features.  We define the ‘indicators’ as quantifiable measures that can record 
change in some aspect of the associated habitat attributes (e.g, standing dead trees).   
 
Landscape features include seral stage and riparian area distribution.  Stand-level habitat 
elements include dead and dying trees, coarse woody debris, hardwoods, and shrubs.   
 

3.1.1 Dead and Dying Trees 
 
Standing dead and decaying trees are common components of forest ecosystems and are 
recognized as important elements that contribute significantly to the structure and function of the 
forested ecosystems (Franklin et al. 1987; Clark et al. 1998; Tinker and Knight 2000).  Dead and 
dying trees often have specific characteristics that serve as critical habitat (wildlife trees) for 
denning, shelter, roosting, and foraging for an abundance of wildlife species (Hansen et al. 1991; 
Bunnell 1995; Spies 1999; Keisker 2000; Bunnell et al. 2002).  One-quarter of the vertebrate 
species (birds, small mammals, amphibians, and furbearers) in British Columbia are known to 
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depend upon wildlife trees (Stevens 1997; Bunnell et al. 1999; Bunnell et al. 2004; Fenger et al. 
2006).   
 
Although dispersed retention of wildlife trees is useful, in the operational setting, it is often 
easier to maintain a variety of trees by retained wildlife trees in patches (WTPs).  Retaining stand 
dead and dying trees in patches provide more abundant sites for smaller cavity-nesting species 
and foraging sites for woodpeckers, which are often more limited than nest sites (Bunnell et al. 
2002).  WTPs can be located in or adjacent to gullies, rock outcrops, riparian areas, inoperable 
areas, and other special habitats or locations that are likely to pose harvesting or regeneration 
problems, or already require special management practices (e.g., riparian management areas) 
(PG SFMP 2006).  However, to be appropriate, wildlife tree patches must contain tree that have 
wildlife tree attributes.  One or more of the following characteristics may determine the quality a 
tree for wildlife habitat: size, decay stage and age, proximity to riparian areas, windfirmness, and 
presence of broken top, large branches, and evidence of wildlife use (WTC 2001; Manning et al. 
2006).   
 
The amount of standing deadwood in a forest depends on natural disturbance processes that 
affect its accumulation from tree mortality and breakage, such as impact by lightning, fire, wind, 
disease or insects, as well as processes that affect its loss, such as decomposition, burning, and 
harvesting (Clark et al. 1998; Tinker and Knight 2001; Stone et al. 2002; Hawkes et al. 2005).  
Dead and dying trees are a part of the dead wood cycle and provide future recruitment of coarse 
wood inputs into the understorey over time (LoFroth 1998).   
 
Retention of large and live standing trees (in addition to dead and dying trees) through the 
rotation should be considered in management strategies to maintain wildlife trees (Golding and 
Manning 2006).  These trees ultimately form the basis for future recruitments of standing dead 
and dying trees in harvested landscapes.   
 

3.1.2 Downed Woody Debris 
 
There is no doubt that downed coarse woody debris (CWD) play a significant role in creating 
stand-level habitat for a diversity of species in managed forests (Harmon et al. 1986; Hansen et al. 
1991; Machmer and Steeger 1995; Stevens 1997; Bunnell et al. 1999; Bunnell et al. 2002).  Known 
to be important for nesting, foraging, and shelter or as wildlife travel routes throughout vertebrate 
territories (e.g., Proulx and Kariz 2000; Keisker 2000; Bull 2002), CWD also provides a substrate 
for diverse species of invertebrates, fungi and lichen.  Many wildlife population studies suggest 
that large size and advanced wood decay are two key attributes in vertebrate preferences for CWD 
(e.g., Raphael and White 1984; Bunnell et al. 1999).   
 
A critical issue for sustaining CWD qualities and quantities in managed stands is the continuous 
and sufficient supply and size of down wood in different decay stages (Stevens 1997).  While 
small woody debris has habitat value for some organisms, large pieces of CWD persist for a longer 
period of time before fragmenting, provide a greater forage area, and meet minimum size 
requirements of a wider range of potential vertebrate users than do smaller elements.  As CWD 
decomposes it returns elements back into the nutrient cycle of the soil and forest floor (Stevens 
1997; Lofroth 1998). 
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Most species relying on downed wood are not vertebrates (Bunnell et al. 2002) and many species 
respond variously to different tree species and stages of decay.  However, downed woody debris 
influences vertebrate abundance and richness by providing necessary substrate, energy and 
nutrients for many invertebrates and fungi upon which a wide range of amphibian, reptile, bird, 
and small mammal species depend for forage (Bull et al. 1997; Bull 2002).  In British Columbia, 
an estimated 12 to 18% of terrestrial forest-dwelling vertebrate species respond positively to 
increasing amounts of downed wood (Bunnell et al. 1999).   
 
Similar to the amounts of standing dead and dying trees in any particular stand, coarse woody 
debris depends on natural disturbance processes that affect its accumulation from tree mortality 
and breakage.  Many CWD studies have been completed within the study area and have addressed 
the natural range of variability, which appears to be relatively well known for a variety of forest 
types in the Prince George TSA (Stevens 1997; Clark et al. 1998; Harrison et al. 2002; Feller 2003; 
Densmore et al. 2004; Lloyd 2005; Stevenson et al. 2006; MCA 2007). 
 

3.1.3 Hardwood 
 
Tree species composition is generally defined by the characteristics of the forest canopy.  
Although vertical and horizontal canopy distribution of all forest types (e.g., deciduous, 
coniferous) play principal roles in intercepting radiation, creating microclimates, and providing 
habitat (Spies 1998), hardwood components of forest canopies are recognized as particularly 
important for wildlife habitat values (Bunnell et al. 1999; Bunnell et al. 2003; Martin et al. 
2006).  Individual deciduous trees are the preferred species for nest excavation by many primary 
cavity-nesting birds (Keisker 1987; Martin and Eadie 1999; Martin et al. 2002), since the decay 
of heartwood usually begins earlier than in conifers.  Bunnell et al. (1999) estimated that 
between 8.5 and 11% of the bird fauna in British Columbia is strongly associated with 
broadleaved trees. Several mammals also prefer hardwoods for some life requisites. Fisher 
(Martes pennanti), for example, prefers black cottonwood (Populus trichocarpa) and aspen (P. 
tremuloides) as denning sites (Weir 1995). 
 
There is general agreement that maintaining a component of deciduous trees in coniferous forests 
increases the species diversity of birds and invertebrates (Klenner 1998). Hardwood trees are 
generally shorter-lived and faster-decaying, thus providing standing deadwood and rotting 
downed wood earlier in the rotation.  Birds generally choose different vegetation types or strata 
for foraging or nesting, hence more complex vegetation structures, critical habitat attributes such 
as snags or mixed species stands will likely support a greater diversity of birds (Morgan and 
Wetmore 1986).  Many of the species that rely on deciduous trees for nesting (e.g., Hairy, 
Downy, and Pileated woodpeckers) or foraging (e.g., Black-capped chickadee) are also 
voracious consumers of forest pests (Machmer and Steeger 1995).  Standing dead hardwoods 
also hosts a unique community of lichens, fungi, and wood-boring beetles different from those 
on coniferous deadwood (Bunnell et al. 2002). 
 

3.1.4 Shrubs 
 
Shrubs are a major component to sustaining vertebrate richness in forested ecosystems.  Many 
species are positively associated with shrub abundance (Bunnell et al. 1999).  For example, 
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browsers obtain most of their forage from shrubs, large mammals find nourishment from shrub 
berry production, small mammals can be associated with shrubs, amphibian richness may be 
greater in shrubby, riparian areas, and birds use shrubs as both foraging and nesting sites 
(Bunnell et al. 1999).  Although shrubs are not specifically managed for in modern forest 
practices, forest practices can influence shrub density as well as the duration of the shrub stage 
(Wells et al. 1993; Bunnell et al. 1999; Harper and Macdonald 2002; Bainbridge and Strong 
2005; Lindgren 2006).  Grazing by wildlife and domestic animals also influences shrub patterns 
on the landscape (Bunnell et al. 1999).  Bunnell et al. (1999) recognize 26 vertebrate shrub-
associates that are at risk in the Pacific Northwest.  Furthermore, they identify a total of 14.5% of 
all forest-dwelling vertebrates in the sub-boreal spruce biogeoclimatic zone being restricted to 
shrub habitats, and 12.5%, 14.7%, and 7.9% in the sub-boreal pine-spruce, interior cedar-
hemlock, and Engelmann spruce-subalpine fir zones respectively.  In the Prince George 
McGregor Model Forest, 18% of all bird species are shrub nesters (Wells et al. 2003).  Shrubs 
and trees often lead competitive existences, with ericaceous shrubs influencing ecosystem 
processes such as nutrient cycling (negatively effecting tree growth), and trees decreasing 
resources for shade-intolerant shrub species once tree canopy develops more fully (Bainbridge 
and Strong 2005; Nicolas et al. 2005; Lindgren 2006).     
 
Shrubs generally benefit from disturbance events in forested ecosystems.  Openings in the 
canopy allow greater solar radiation and moisture levels to reach shrubs, increasing their 
productivity (Nicolas et al. 2005; Lindgren 2006).  Early-seral shade-intolerant species invade 
first after a canopy opening event, increasing the species richness of a stand.  Canopy opening 
disturbances can be caused either by forest management practices, wildfire, or tree fall.  Old 
forests have well-developed canopies, creating a patchy distribution and low volume of shrubs 
(Lindgren 2006).  Shrub diversity and abundance often shows stronger relationships with canopy 
cover than does late-successional vascular plants or mosses (Kembel and Dale 2006).  Early seral 
ericaceous shrubs are positively correlated with stand age up to 45 years after clearcutting, and 
dominate understorey growth from ~25 years to 100 years post-harvest (Bainbridge and Strong 
2005).  After canopy cover exceeds 50%, both early and mid-seral ericaceous shrubs begin to 
decrease, peaking at about 9% of understorey cover (Bainbridge and Strong 2005).   
 
As canopy openings occur, understorey shrub cover increases, but this increase occurs at a 
greater rate for evergreen than deciduous shrubs.  Deciduous shrubs frequently occur on more 
fertile sites due to their greater annual nutrient demand, but have a lower competitive advantage 
to evergreen shrubs as stands mature (Nicolas et al. 2005).   
 
The herb-shrub stage often lasts 20-30 years in new natural forest stands (Lindgren 2006).  Fire 
suppression, herbicide treatments, controlled burning after harvest, and browsing by ungulates 
and livestock all negatively affect shrub coverage (Bunnell et al. 1999; Harper and Macdonald 
2002; Lindgren 2006).  Many species rely on shrubs, especially shrub nesting and foraging avian 
guilds.  Forest practices should consider these impacts and the importance of shrubs as an early-
seral ecosystem component.   
 
Shrubs are an important aspect of forested ecosystems.  They are especially prominent as early 
elements present after stand disturbance events.  A broad range of organisms use shrubs as cover, 
roosting, foraging and/or nesting locations, and shrubs play a major role in sustaining vertebrate 
richness.     
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3.1.5 Seral Stages 
 
Landscape pattern, or the spatial configuration of habitat, is one of the central issues in landscape 
ecology (e.g., Noss and Cooperrider 1994).  It is generally accepted that forested landscapes with 
diverse structural elements provide relatively greater diversity of habitats than do areas with very 
little structural diversity (e.g. Spies 1998; Bunnell et al. 1999; Tews et al. 2004; Lemay and 
Staudhammer 2005). 
 
Numerous and diverse vertebrate species are known to be sensitive to changes in forest seral 
stages (Hansen et al. 1993; Davis et al. 1999; Bunnell et al. 1999).  Songbirds as well as 
mammals have been strongly associated with particular forest age structure and habitat 
conditions (e.g., Davis et al. 1999; Mitchell et al. 2006).  For example, the American marten 
Martes americana, a small carnivore of the weasel family, is restricted to late successional 
forests.  In older forests, the American marten uses large diameter trees, snags and downed wood 
for denning and resting, and requires the near ground structural complexity for access to 
subnivean (resting sites beneath snow) sites (Bunnell et al. 1999). 
 
In general these habitat preferences or associations are with the structural attributes and habitat 
elements that become more apparent within stands over time through succession.  In the Central-
Interior of BC vascular plants have been observed to decrease during succession whereas canopy 
structures became more complex with age (Clark et al. 2003).  Older stands generally have a 
more complex structure with larger diameter trees, greater numbers of standing dead and dying 
trees, and typically larger volumes of CWD with advanced levels of decay.   
 
Historically, forested landscapes of the Central Interior have persisted as disturbance-initiated 
ecosystems.  Large scale fire and insect infestations were the main stand-replacing disturbance 
agents that created heterogeneous landscapes of varying ages and habitat conditions (Bunnell 
1995; DeLong and Tanner 1996).  Maintaining representation of different forest types and seral 
stages (ages) within the historic natural range of variation (NRV) is recognized as one approach 
for retaining components of forest structure within harvested landscapes (DeLong 2002; Bunnell 
et al. 2003; PG SFMP 2006).  The NRV concept is a 'coarse filter' approach and is based on the 
assumption that biodiversity can be conserved by attempting to bound human disturbance 
regimes (i.e. logging) within those created by natural processes.  Every organism cannot be 
retained in every stand at all times, but suitable amounts of appropriate age-classes maintained 
across the landscape may ensure regional persistence (Bunnell et al. 2003).   
 
Stands older than rotation age are one of the important potential contributions of unmanaged 
areas.  Therefore, substantial parts of the unmanaged areas in ecosystem types with low rates of 
natural disturbance should remain old (DeLong 2002; PG SFMP 2006).  In any event, a regional 
landscape approach should be taken when managing seral stage distributions across the managed 
landscape (e.g., Noss 1983). 
 

3.1.6 Riparian 
 
Riparian areas are unique landscape habitat elements.  They are the interface between terrestrial 
and aquatic ecosystems, and there is a wide array of ecological processes and communities 
associated with riparian areas (Gregory et al. 1991).  Riparian areas are distinct both structurally 
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and functionally, yet operate in conjunction with upland processes.  This stochastic nature allows 
riparian zones to have greater productivity and greater species diversity than adjacent non-
riparian habitats (Gregory et al. 1991; O’Connell et al. 1993; Bunnell et al. 1999).  Due to 
riparian uniqueness and influence on the landscape, many species rely on these areas.  Bunnell et 
al. (1999) identified 15 species at risk in the Pacific Northwest that need riparian habitats at some 
point in their life-cycle.  They also determined that 52% of forest-dwelling vertebrates were 
restricted to riparian in the sub-boreal spruce biogeoclimatic zone, 54.3% in the sub-boreal pine-
spruce, 50.8% in the interior cedar-hemlock, and 48.2% in the Engelmann spruce-subalpine fir 
zone.  Threats to riparian include forest harvest and domestic grazing (Bunnell et al. 1999; 
Kiffney et al. 2003; Dahlström et al. 2005; Klenner 2006).   
 
The structure and function of riparian areas is determined by topography, surface water, soils, 
microclimate, and vegetation (O’Connell et al. 1993).  A complex, high-frequency disturbance 
regime (i.e. flooding, terrestrial inputs) and high-diversity of microhabitats characterize riparian 
zones (Gregory et al. 1991).  Riparian areas also act as avenues for the transfer of water, 
nutrients, sediment, particulate organic matter, and as corridors for animals and dispersal agents 
for plants (Gregory et al. 1991; O’Connell et al. 1993).  Some ecological features that distinguish 
riparian zones include increased primary productivity, higher levels of energy transport, higher 
humidity levels, increased transpiration rates, increased ground air movement, increased soil 
moisture, and increased vegetative gas exchange (Gregory et al. 1991; O’Connell et al. 1993).   
 
Riparian plant communities contribute large woody debris into the stream system.  Large woody 
debris has the ability to alter flow and creates habitat for aquatic organisms such as fish and 
amphibians (Gregory et al. 1991; O’Connell et al. 1993; Dahlström et al. 2005).  In managed 
forests, streams may have more and older wood than the surrounding riparian forest.  This large 
woody debris in managed streams often dates prior to human influence (Dahlström et al. 2005).  
These plant communities also influence stream chemistry though nutrient assimilation and 
transformation (O’Connell et al. 1993).  Riparian areas often contain greater biomass than upland 
forested areas.  In addition, riparian vegetation is often composed of deciduous plants.  
Deciduous vegetation has greater soil inputs than coniferous vegetation as foliage drops in the 
autumn.  Hardwood and shrubby riparian areas are also the richest habitat types, followed by 
coniferous riparian forests (Bunnell et al. 1999).  One study indicated that the dominance of 
hardwood and shrubs in young riparian stands in the northwest is caused by the suppression of 
conifers by insects and pathogens (Patel-Weynand 2002).  Riparian trees of any type also 
regulate aquatic ecosystem processes by altering light inputs (shading), and providing organic 
matter and nutrients (Kiffney et al. 2003).   
 
The majority of studies indicate that riparian habitats are distinct and integral parts of the 
landscape.  Some studies argue the uniqueness of lakeside riparian communities.  Macdonald et 
al. (2004, 2006) found no significant difference between lakeside and upland forested zones.  
They indicated that coarse-scale processes operate independently of lakes, and buffers around 
lakes will not contain a unique forest type.  In contrast, Harper and Macdonald (2001) found a 
distinct forest edge community within 40 m of a lakeshore.    
 
Forest harvesting up to riparian areas can have large impacts on the structure and function of 
these areas.  Forest harvesting can increase sediment delivery and solar radiation.  This increases 
photosynthetically active radiation, and mean and maximum water temperatures.  Periphyton 
biomass and inorganic mass decrease as harvest approaches stream locations, and Chironomidae 
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abundance increases (Kiffney et al. 2003).  Logging can also reduce large woody debris 
recruitment, frequency and volume (Dahlström et al. 2005).  Riparian reserves and management 
zones must also be considered when planning for retention within Mountain Pine Beetle salvage 
blocks (Klenner 2006).  As riparian areas contain lower densities of lodgepole pine, they 
experience lower levels of attack.  Thus, retention zones should be centred on these areas to 
maintain wildlife and habitat values (Klenner 2006).              
 
In recognition of the inherent value of riparian systems, various management recommendations 
have been proposed.  Washington State established Riparian Management Zones and Upland 
Management Areas (O’Connell et al. 1993).  Riparian Reserve Zones and Riparian Management 
Zones (collectively the Riparian Management Area) are also considered in British Columbia 
(Klenner 2006).  The minimum buffer width is not agreed upon by all authorities.  One study 
suggested that buffer widths ≥30 m on both stream sides are necessary to restrict biotic and 
abiotic changes associated with forest harvest (Kiffney et al. 2003).  Another study indicated that 
buffer strips of 200 m were needed to maintain the small-passerine community (Hannon et al. 
2002).  It is generally agreed that wider riparian zones help ensure the availability and 
accessibility of habitat structures (Kiffney et al. 2003; Klenner 2006).  Many studies also suggest 
that as riparian habitats are not of uniform appearance and structure, riparian buffers should be 
variable, and designed for local conditions such as hydrology, and fine-scale forest management 
(fire suppression, harvest block placement, etc.) (Bunnell et al. 1999; Hannon et al. 2002; 
Macdonald et al. 2004).  Managers must also be cognizant of the fact that buffer strips are also at 
high risk of windthrow.  Murtha (2000) found that of over 31% of the total length of riparian 
strips preserved in one area in 1994 had been decimated by windstorms by the end of 1998.  
 
Riparian areas are unique and distinct landscape structures.  They provide critical habitat for a 
broad range of organisms, as well as providing important means for downstream ecological 
processes.  Although logging can influence the viability of riparian zones, proper management, 
and conservation of riparian areas by means of buffering maintains the integrity of the riparian 
system.   
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3.2 Assessing Selected Indicators 
 
All the habitat attributes described in this report are tied specifically to habitat elements known 
to be of value to biodiversity.  All six indicators are measurable with provincial and/or national 
inventory standards available; however, only four are explicitly recognized within the Prince 
George SFMP (2006).  Achievable targets and variance allowances are stated for these four 
indicators, however, clear management objectives associated to each are required (PG SFMP 
2006).  The utilization of existing data is one priority considered in developing this monitoring 
strategy.  Where it has appeared that appropriate data already exists or applicable inventory data 
is collected regularly, this has been noted.  See Section 3.3 for thresholds targets determined 
appropriate for monitoring.  Where applicable, these thresholds compliment targets identified 
within the PG SFMP (2006) and are used in other forest districts in central and northern British 
Columbia. 
 

3.2.1 Dead and Dying Trees 
 
Total score: 15/15 
Specific: 3 
Standing dead and dying trees are a source of wildlife trees, which is directly related to habitat 
elements for many aspects of biological diversity. 
Measurable: 3 
Inventory/sampling methods and standards are available (NFI 2004; RIC 2005). 
Recommended measures are: size, height, distribution, tree species, and special features (e.g., 
cavities, signs of wildlife use). 
Stand level retention data will be measured within the PG FD by Licensee FDU and by Licensee 
cut block (PG SFMP 2006). 
Post-harvested WTP assessments could be compared to pre-harvested timber cruise data 
recorded for each stand harvested.  Standing dead tree density should be calculated for net 
harvested areas. 
Achievable: 3 
The targets of greater than 3.5% retention and greater than an average of 7.0% derived from 
Forest Planning and Practices Regulation, Section 66: Wildlife Tree Retention. 
See Standing Dead Tree Thresholds (Section 3.3) below for guidance and greater detail of 
targets.  More specific targets for standing dead and dying trees could be set for particular  
Relevant: 3 
Dead and dying trees are recognized within the PG SFMP (2006) under the Stand Level 
Retention indicator and specifically referred to in relation to wildlife tree patch retention.  There 
is a considerable history with respect to wildlife tree retention research and use in other SFMP 
processes throughout the province. 
Time-bound: 3 
Retention of dead and dying trees is intrinsically linked to management activities within the 
desired time frame.  Especially in the context of MPB impacts standing dead and dying tree 
retention targets are achievable within the current rotation for most areas across the managed 
landscape. 
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3.2.2 Downed Woody Debris 
 
Total score: 14/15 
Specific: 3 
Downed woody debris is specifically tied to the CWD habitat element.  
Measurable: 3 
Inventory/sampling methods and standards are available (NFI 2004; RIC 2005). 
Recommended measures are: size, decay stage, density, and distribution.  
CWD defined as material greater than 7.5 cm in diameter at one end and a minimum of 2.0 
metres in length (PG SFMP 2006). 
Waste and residue survey data could be applicable for incorporation into monitoring this habitat 
element in second growth stands.  
Achievable: 2 
Although a target of 100% consistency with operational site plans for specific cut blocks is likely 
achievable (PG SFMP 2006), clear, reasonable and measurable targets need to be defined in 
order to assess the achievability of this habitat element in second growth stands.  See CWD 
Thresholds (Section 3.3 below) and MCA (2007) for further guidance.  
Relevant: 3 
CWD is explicitly recognized within the PG SFMP (2006) under the Coarse Woody Debris 
indicator.  This indicator has an extensive history and use in other SFM plans and projects with 
similar objectives (e.g., Lloyd 2005). 
Time-bound: 3 
Retention of CWD is intrinsically linked to management activities within a reasonable time 
frame. 
 

3.2.3 Hardwood 
 
Total score: 13/15 
Specific: 3 
Hardwood components of second growth forests can be specifically tied to the recruitment of 
habitat elements such as wildlife trees (standing dead and dying trees) and CWD.  
Measurable: 3 
Inventory/sampling methods and standards are available (NFI 2004; RIC 2005). 
Recommended measures are: tree size and condition, and regeneration. 
Maps of forest cover types (with a focus on deciduous leading stands > 50% hardwood) and 
cruise compilation data as well as silviculture regeneration survey data could be utilized for 
monitoring this indicator. 
Achievable: 2 
Targets and variances would need to be defined in order to monitor effectiveness of this 
indicator.  Harvests made by third party licensees (post-rotation) could impact the achievability 
of this indicator.  
Relevant:  2 
Although hardwood is not explicitly recognized in the PG SFMP (2006), stand level retention 
objectives indirectly capture this habitat element.  WTP anchors could be focused around areas 
with hardwood components (e.g., in and/or adjacent to riparian areas). 
This indicator is explicitly and strategically acknowledged in other SFM plans and projects 
(Bunnell et al. 2002; Tembec 2005). 
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Time-bound: 3 
Retention of hardwood is responsive to management activities within a reasonable time frame. 
 

3.2.4 Shrubs 
 
Total score: 9/15 
Specific: 3 
Shrubs are specifically tied to understorey habitat elements in second growth stands. 
Measurable: 1 
Inventory/sampling methods and standards are available (NFI 2004; RIC 2005).   
Recommended measures are: areas of dense, tall shrub cover and representative species 
composition (forage for ungulates and others, berries, evergreen and broad-leaved shrub cover).    
A clear understanding of the natural range of variability over time does not generally appear to 
be available except for very specific areas that have been extensively studied. 
Achievable: 1 
Target amounts of shrubs by species are required.  Presently, there appears to be inadequate 
information available to set specific thresholds, which need to be determined.  Furthermore, the 
does not appear to be any existing inventory data to monitor shrubs, therefore monitoring for 
shrubs may be cost prohibitive.  As a surrogate of riparian area retention shrub retention levels 
could be met locally where RMA or RMZ contain high abundances and diversity of shrubs. 
Relevant: 1 
Although not formally recognized in the PG SFMP nor apparent in other  
Time-bound: 3 
Shrubs are very responsive to management activities within a reasonable time frame. 
Regeneration of shrubs following disturbance is known to occur relatively quickly. 
 

3.2.5 Seral Stages 
 
Total score: 11/15 
Specific: 2 
A range of seral stages are specifically linked to age structure of habitat elements for 
biodiversity.  Seral stages per se are more or less specific when one focuses on either end of the 
age class spectrum (e.g., young and old stand distribution) as has been addressed in the PG 
SFMP (2006). 
Measurable: 2 
Inventory/sampling methods and standards are available (NFI 2004; RIC 2005).   
Recommended measures are: age class analysis with discrete age classes meaningful to many 
organisms such as:  0-5 yrs (herb-dominated); 5-10 yrs (shrub dominated); 10-20 yrs (sapling –
dominated); 20-40 yrs (self-thinning forest); 40-80 yrs (closed-canopy forest); 80-140 yrs 
(diversifying post-rotational second-growth); and >140 years old (old forest), within coarsely 
defined ecosystem types (e.g. BEC variant ) (Bunnell et al. 2003).  
Harvest history data that exists for managed landscapes overlaid with aerial photos and/or 
satellite imagery would allow an inventory and percent seral stage distribution to be determined 
across the managed second growth forest landscape. 
Seral stage objectives could be set for capable watersheds within specific landscaped units. 
Achievable: 2 
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Targets defined in the PG SFMP with respect to old and young patch size distributions appear 
reasonably attainable.  However, where development history and current timber supply 
objectives limit flexibility of seral stage composition thresholds it appears targets may not be 
attainable in the short-term. 
Relevant: 3 
Seral stages are explicitly recognized within the PG SFMP (2006) under two indicators: young 
patch size distribution; and, old forest by natural disturbance unit.  Varying seral stage 
management approaches have been identified and could be concurrently addressed within 
riparian reserves and/or stand-level (e.g., wildlife tree patch) retention mechanisms. 
Time-bound: 2 
Seral stage thresholds should be considered long-term objectives and in some cases may not be 
attainable within the current rotation. 
 

3.2.6 Riparian 
 
Total score: 13/15 
Specific: 3 
Riparian attributes are specifically linked to habitat elements associated with terrestrial portions 
of waterways across the managed second growth forested landscape. 
Measurable: 2 
Inventory/sampling methods and standards are available (NFI 2004; RIC 2005).   
Protocol for Evaluating the Condition of Streams and Riparian Management Areas (Routine 
Riparian Management Effectiveness Evaluation) exists and is recommended for year-to-year 
monitoring of riparian areas (Tripp et al. 2006). 
Recommended measures are: mapping and inventory of terrestrial riparian habitats.  
Use of Predictive Ecosystem Mapping (PEM) products in tandem with aerial photography and/or 
satellite imagery would allow accurate total riparian area quantifications to be made. 
Stream classification and fisheries inventory mapping could be utilized.  
Achievable: 2 
Although the target of 100% “…consistent with riparian reserve requirements as identified in 
operational plans”, and a variance of 0% are defined within the PG SFMP may be attainable, 
there is no clear indication of identified requirements.  More specific landscape level targets 
should be set to assess effectiveness of riparian area retention criteria. 
Relevant: 3 
Riparian Reserves are a recognized indicator in the PG SFM and have an extensive history of 
research and use in other SFMP processes as well as government regulations. 
Time-bound: 3 
Riparian areas are very sensitive to management activities (e.g., road building) within the current 
rotation. 
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3.3 Thresholds 
The target thresholds presented below are based on a combination of literature review and expert 
opinion. These targets are much lower than benchmark values for late seral forests, but represent 
quantities for second growth stands which are ecologically representative, operationally 
achievable, and can be measured and monitored.   
 
Habitat Element 
(Measure) 

BEC 
Zone 

Target Range Additional Guidance and Comments 

Standing dead trees 
(snags) on harvest areas 
in the THLB (retained 
within WTPs or other 
retention patches) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SBS (all 
subzones) 
 
 

> 10 snags/ha 
 
FPPR WTP targets 
(by % cutblock 
area) 

• For worker safety reasons, the retention of single 
(dispersed) standing snags within the cutblock is 
NOT recommended 

• Achieve snag targets by containing standing 
dead trees within green retention patches (WTPs, 
RMAs, etc.) 

• In most cases snag targets can be achieved by 
meeting default FPPR requirements for percent 
WTP retention by cutblock area (3.5% or 7% of 
gross cutblock area).*  Dependent on 
management objectives, some landscape units 
may have higher default WTP area targets (e.g., 
10%) 

• Where WTPs are designated, where possible 
design some patches to be >150 m in width 
(approx. 2 ha or greater in area). Patches of this 
size will provide interior forest-like conditions 
and may contribute toward future old seral stage 
targets 

• Where possible, situate WTPs in locations where 
windthrow hazard will be minimized. Utilize 
topographic breaks, inoperable or constrained 
areas, and leeward block boundaries in this 
context  

• Where available, the best snags for retention 
should be >30 cm dbh, and have some visible 
evidence of damage or decay (scars, cracks, 
broken tops, woodpecker cavities, loose bark). 
Include these types of standing dead trees in 
WTPs or other retention areas as described above 

• In some cases, retention of “stub snags” (i.e., live 
trees cut at > 3 m height with a feller buncher) 
can count toward snag targets per ha. However, 
this should NOT be a default practice used to 
achieve snag targets. In general, snags with 
higher “wildlife tree habitat quality” will be 
contained within green tree patches. Retention of 
treed patches will also provide the added habitat 
benefit of maintenance of shrub communities 
and undisturbed forest floor (see below) 

• However, where stubs are retained on cutblocks, 
select trees for stubbing which have catface 
scars, cracks or other evidence of damage or 
decay in the lower bole.  

• There is no height restriction for mechanically 
cut stubs as long as the stub was cut from a live 
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Standing dead trees 
(continued) 

tree. Stubs should be cut as high as the feller 
buncher can safely reach. 

• Where possible, retain advance regeneration 
around stubs.  

 
    
Large live trees on 
harvest areas in the 
THLB (conifers and 
hardwoods) 

SBS (all 
subzones) 

5-15+ live trees/ha This per ha target represents retention of 
individual live trees dispersed in the cutblock. Live 
tree retention is intended to supplement wildlife 
tree habitat values found in WTPs, RMAs or other 
group retention strategies. 
 
Individual live tree retention should only be 
implemented in locations where risk of windthrow 
is minimal. 
 
• If available, select live trees > 30 cm dbh for 

retention 
• Live trees with some form of stem defect or 

damage such as a forked top, broken top, catface 
scar or woodpecker cavities, have high wildlife 
tree habitat value and are generally safe to work 
around. Retain these either as single trees (with 
surrounding advance regeneration if possible), or 
within WTPs (see above description)  

• Retained live trees can be dispersed across the 
cutblock, providing “stepping stones” for 
wildlife dispersal across open areas, and will also 
enhance visual quality 

• Retain live hardwood trees wherever available, 
either single dispersed or in patches 

• Dispersed trees can also be retained in small 
clusters (3+ trees) along with advance 
regeneration. This is especially appropriate for 
hardwood trees such as cottonwood, aspen and 
birch 

    
Coarse woody debris 
(CWD) on harvest areas 
in the THLB 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SBS (all 
subzones) 

> 10 logs/ha at 
minimum 2-3 m log 
length and > 10 cm 
log top diameter 
(this approximates  
0.2 m3/ha CWD 
volume)  

• Best logs for retention are decay class 1-3 (see 
Figure 1), with <50% firmwood (non-
merchantable) 

• Where available, retain and recruit some larger 
CWD pieces  >5 m long and >40 cm diameter. 
Larger material decays more slowly, holds more 
moisture, presents less of a fine fuel fire hazard, 
and provides more habitat value for a longer 
period of time 

• In mixed wood ecosystems, retention of 
coniferous CWD is preferential because of its 
longevity as opposed to deciduous wood pieces. 

• Distribute CWD across the cutblock in loosely 
layered low-height (< 1m) and up to 3 m wide 
piles.  Piles can be loosely constructed by 
including a mix of piece diameters and lengths. 
Some longer pieces (> 5m) should radiate from 
the pile to provide linear travel corridors for 
small mammals.  

• Where available, locate piles within 2 tree 
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CWD (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

lengths of habitat edges (WTPs, RMAs, gullies, 
rock outcrops, unharvested block boundaries) – 
this will provide proximity to these features 

• The use of piles will minimize reduction of 
plantable spots, and will cluster CWD to reduce 
dispersed fuel accumulations. 

• Where mechanically harvesting stubs are left in 
cutblocks, consider arranging loosely stacked 
CWD piles around stubs, using the stub as the 
“central vertical axis” of the pile. Stub trees used 
in this manner should be cut as high as safely 
possible with the feller buncher, at least 5 m in 
height 

 

    
Shrubs (as undisturbed 
forest floor shrub layer) 

SBS (all 
subzones) 

Equivalent forest 
floor area to FPPR 
WTP targets (by % 
cutblock area; see 
target for WTPs) 

Shrub layers provide shelter and food values to 
various wildlife species, as well as forest structural 
complexity.  
 
• The simplest way to meet shrub targets is to 

retain undisturbed forest floor (i.e., with intact 
shrub and herbaceous layers) – use WTPs or 
other retention strategies to accomplish this 

•  Where management for grizzly bear forage 
(i.e., berry producing shrubs) is a concurrent 
objective, additional shrubs can be retained or 
recruited outside of WTPs by encouraging 
small canopy gaps in the developing stand (this 
in turn will favour shrub production): 

 
 protect existing natural gaps. Minimize 

brushing of berry producing shrubs in these 
sites such as Vaccinium spp., soopolallie 
(Shepherdia Canadensis), gooseberries and 
currants (Ribes spp.), and red elderberry 
(Sambucus racemosa) 

 conduct uneven stocking by cluster 
planting. A range of 10-30 conifer 
seedlings per cluster is recommended. 

 as stands mature, use spacing/thinning to 
create partially open canopies (40-60% 
crown closure) to promote shrub forage 
production 

 
    
Riparian Management 
Areas (RMAs) 
 
 
 
 

SBS (all 
subzones) 

FPPR requirements 
for RMA buffers on 
streams, lakes and 
wetlands* 

Riparian areas are readily recognized as special 
habitats, and are often associated with specific 
flora, fauna, physiography, or micro-climate 
processes not common in the adjacent stand or 
landscape 
• Meet minimum regulatory requirements for 
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RMAs (continued) 

RRZs and RMZs as required (based on stream 
classification) 

• snags that do not pose a risk to worker safety 
can be left within riparian management areas 
(i.e., they cannot reach the work area if they 
were to fall/break). If low value wildlife trees 
and dangerous trees have to be felled for 
worker safety reasons, then these stems should 
be retained on site as CWD or as future 
instream large woody debris (LWD). 

 
 
*  WTP targets are based on percentage of total (gross) area of individual cutblocks (3.5 % minimum) and total area of all 
cutblocks harvested by an agreement holder within a one-year period (minimum average of 7% for all cutblocks). In some 
cases, exceptions to these requirements are permitted provided there is sound ecological justification. Refer to FPPR sections 
9.1, 12.5, 66 and 67, and FRPA section 5(1)(b) for more information on wildlife tree retention requirements, and to FPPR 
section 47 for additional information on RMA classifications and related regulatory requirements, @ URL  
http://www.for.gov.bc.ca/tasb/legsregs/frpa/prparegs/forplanprac/fppr.htm .  
 

3.4 Discussion and Rationale 
 
Based on our assessment and synthesis of the information available on the habitat elements 
addressed in this monitoring strategy we recommend that priority be given to: dead and dying 
trees, coarse woody debris, hardwood, and riparian (in that order).  Concurrent data collection 
with respect to seral stage distribution and shrubs may also provide cost efficiencies through 
economies of scope.  Attributes to be measured for each of these elements and standards for data 
collection are available and detailed in the above assessments.  Threshold targets for 
effectiveness monitoring are also described for each (Section 3.3. above).   
 
We advocate for a monitoring program that would specifically assess Wildlife Tree Patch 
retention across the managed second growth forest landscape.  This approach would allow Stand 
Level Retention, including hardwood tree species and dead and dying trees to be monitored at 
the same time as making an assessment of CWD retention effectiveness.  On site and routine 
year-to-year evaluations of riparian management areas (Tripp et al. 2006) could be conducted in 
tandem with spatial mapping exercises that would utilize existing forest cover and orthophoto 
coverages of the second growth forest area. 
 
All habitat elements and associated indicators recommended for monitoring habitat elements in 
second growth stands are measurable and consistent with the objectives of sustainable forest 
management plans within the study area (PG SFMP 2006).  These attributes also have direct 
operational linkages and relate to elements of biological diversity.  Additionally, the ways in 
which these attributes likely respond to forest management are, in large part, predictable.  
Several of these attributes show potential cost efficiencies via compatibility with existing and 
regularly collected data and available inventories.  All have sampling methodologies that are 
defined by provincial resource inventory standards (RIC) of FRPA forest resource evaluation 
programs. 
 
Analysis and evaluation of resulting sampling and monitoring plans could be interpreted against 
explicit forest management objectives.  The outputs of proposed monitoring plans (e.g., maps, 
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tables and charts) could be stand alone products that would be usable by forest managers and 
easily understood by public.   
 
Development of efficient pre-harvest and post-harvest assessment methods for sampling and 
monitoring of forest habitat elements in second growth forests would included the following: 
 

 Field procedures would integrate with forest development operations. Wherever possible, 
stand alone surveys will be avoided; 

 Training requirements related to assessment procedures would be minimal; 
 Collection of extraneous data would be avoided; 
 Reporting requirements would be straight forward; and 
 Data collection would be repeatable, auditable and defensible. 

 
The opportunity for continual improvement through the implementation of monitoring strategies 
to assess the effectiveness associated with wildlife and biodiversity objectives is recognized and 
research to evaluate the success of previous stand and landscape level retention approaches is 
encouraged (PG SFMP 2006). 
 
NOTE:  Using wildlife species indicators (forest songbird spot mapping or point count stations 
established in harvest blocks), along with stand structure sampling as described above, is likely 
the best method of gauging the actual effectiveness of retention patches for maintaining 
biological diversity. 
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4.0 HABITAT ELEMENTS SAMPLE PLAN 
 
The sample plan framework for monitoring dead and dying trees, coarse woody debris, 
hardwood and riparian habitat elements in second growth forests would include comparisons to 
unharvested control stands, monitoring vegetation and forest structure in retention patches and 
riparian areas, and sampling coarse woody debris. 

4.1 Comparison to Unharvested Control Stands 
Live tree and snag information (densities, basal area, sizes) from comparable unharvested stands 
(i.e., same BEC unit, stand type, age class) should be collected in order to compare pre-harvest 
forest structure with post-harvest structure remaining in the block (i.e., as WTPs or dispersed 
retention).  Timber cruise information from compilations in the sampling area provide the most 
effective means of gathering pre-harvest (control) stand structure information.  Stems/ha tallies 
and ranges for “dead potential” and “dead useless” stems can be compiled from cruise tables, 
thereby providing a benchmark for comparison with post-harvest retention levels and targets.  
For conversion to wildlife tree classes, “dead potential” stems are equivalent to tree classes 2-4 
(which would also include “live useless”), and “dead useless” stems equate to classes 5-8. 
 

4.2 Monitoring Vegetation and Forest Structure 
 

4.2.1 Forest Structure in WTPs and RMAs 
 
Where wildlife tree retention is implemented primarily through the establishment of WTPs or 
RMAs, post-harvest monitoring procedures would simply be a matter of: i) assessing the area 
retained as WTP relative to the gross block area identified in the site plan (i.e., meet % area WTP 
target); or ii) determining that required RMA buffer widths have been met. 
 
Actual inventory of vegetation layers and forest structure can be collected in WTPs and other 
retention areas using prism plots and standard timber cruising methods and protocol developed 
for stand-level biodiversity monitoring (see Densmore et al. 2006, MOF 
http://www.for.gov.bc.ca/hfp/frep/3_indicators.html and MoF 
http://www.for.gov.bc.ca/revenue/manuals/cruising/ ). These data can then be easily compared 
with pre-harvest cruise information. Within each prism plot, data can be collected on all trees 
(including snags), shrubs and CWD. BC Ministry of Forests FS 1237-A/B series field cards or 
equivalent data acquisition forms or software can be used to record field data.  
 
CWD data should be collected along 2 – 15 m long transects (first transect oriented by random 
compass bearing; second transect oriented at 90o to the first). Each piece of CWD which 
intersects the transect line, species (if known), diameter, length (recorded to the nearest metre), 
and decay class (1-4) are recorded. These data will allow calculation of CWD volume for 
comparison with associated benchmark.  
 

4.2.2 Tree Retention – Stem Tallies 
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Standing counts (stem tallies) of dispersed retention trees is one of the simplest and most 
efficient ways of determining post-harvest retention levels (and whether targets have been met). 
Generally, the harvest block can be sampled (viewed) by logical physiographic or operational 
standard units (streams, roads, topography, forest cover). An ocular count of the number of 
dispersed trees within each of these sample units can be obtained, totaled, and then compared to 
targets and objectives in order to audit compliance. This method can be completed at the final 
harvest inspection phase of operations, is very cost effective, and is based on a 100% sample 
(and therefore requires no post-survey statistical calculations). 
 

4.2.3 Sampling Coarse Woody Debris 
 
There is usually no particular need for pre-harvest CWD surveys since baseline CWD levels are 
usually far greater than target objectives. 
 
Waste and Residue surveys are the most cost effective method of assessing the abundance of 
post-harvest CWD.  These surveys can be conducted on a block by block basis or through the use 
of “parent blocks” to predict waste levels in “sibling blocks” (Golding and Manning 2006). In 
this case the survey would be expanded to also predict CWD levels. Including a tally of CWD 
during the “residue and waste” data collection, would allow an estimate of the abundance of logs 
that meet or exceed the minimum piece size management targets. Sampling intensities should 
conform to those established in the Provincial Logging Residue and Waste Management 
Procedures Manual.  Url: http://www.for.gov.bc.ca/hva/manuals/rwprocedures/index.htm 
 

4.2.4 Sample Study Design 
 
A stratified sampling design is recommended for evaluating stand structure (tree and shrub 
layers, CWD) in harvest blocks, treed retention patches (WTPs or RMAs associated with harvest 
blocks), and adjacent unharvested control stands. If desired, patch size, location and 
configuration can also be included in the sampling design, as follows: 
 

 small internal patch ≤ 0.3 ha (patch within and not attached to block boundary) 
 large internal patch > 0.3 ha  
 large external patch >1.0 ha (patch attached to or external to block boundary) 

 
Descriptive statistics (totals, means) and one-way repeated measures Analysis of Variance 
(ANOVA) procedures can be used to summarize and test for differences in the vegetation/forest 
structure between retention areas (e.g., harvest blocks, WTPs) and control stands. Where 
significant differences exist, a post-analysis multiple means test (e.g., non-parametric Tukey 
HSD, Zar 1974) can be used to reveal associations between habitat elements and site types.  
 
Sample size determination can be determined by Power Analysis of existing data (i.e., from other 
studies of forest structure in the same BEC zones), but sample size selection will also be 
influenced by budgetary constraints and project objectives.  
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5.0 SUMMARY AND MANAGEMENT RECOMMENDATIONS 

5.1 Next Steps for Implementation 
 
In order to field pilot test the above recommended sampling/monitoring procedures, it is 
recommended that prism plot WTP surveys and stem tally counts (for dispersed retention) be 
conducted on a minimum of 4 blocks. These blocks should span the range of retention strategies 
(e.g., WTP size and location) as well as block sizes and configurations.  
 
A minimum of 4 blocks should also be sampled with post-harvest CWD assessments using the 
parent/sibling waste and residue surveys procedures.  These field pilots can be used to confirm or 
refine monitoring protocols for stand structure habitat elements. 
 
In the habitat-based approach to effectiveness monitoring, the initial data requirements are 
estimates of the amount and distribution of vegetation communities (habitats), their defining 
attributes (e.g., dead and dying tree tallies, CWD quantities and qualities), and landscape features 
in the entire planning area (e.g., riparian reserve distribution).  These baseline data—combining 
remotely sensed (aerial photographs, LANDSAT imagery) and plot data (current vegetation 
survey data; VRI)—will provide a preliminary characterization of habitat structure and 
composition in a spatially explicit format (that is, a map) across a range of related resource 
issues. Re-measurement at regular intervals will estimate the magnitude and pattern of change in 
major landscape features. 
 
The effectiveness monitoring program uses two perspectives of habitat, one from remotely 
sensed attributes and the other from ground plot data collected at the stand scale. Habitat 
elements in second growth forest could be estimated at two distinct scales: landscape and forest 
stand. 
 
Maps should be developed at these two spatial scales, with preference given to landscape-scale 
mapping. The minimal attributes to include are listed below (adapted from Mulder et al. 1999): 
 
Landscape scale—maps and analyses: 

 Forest class (potentially forested; seedling and sapling forest; small, single-storied stands; 
medium to large single-storied stands; large multi-storied stands) 

 Forest land class type (coniferous, mixed, deciduous) 
 Vegetation unit (PEM combined with NDU data of forest class and land class type, 

resulting in 25 BEC/NDU possible mapping units; See Mahony 2006) 
 Area determined by vegetation unit and forest land class type 
 Spatial distribution of land class types 
 Distribution of patch interior areas by land class type 
 Distribution of interpatch distances 

 
Stand scale—data tables and analyses: 

 Area by forest class and land class 
 Tree-diameter distribution by species 
 Canopy structure and height-class distribution by species 
 Down woody debris values by forest type 
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5.2 Limitations and Management Implications 
 
Monitoring key habitat elements identified in this strategy will allow forest managers to assess 
the amounts of each element retained from different practices and realize the patterns of 
landscape features that are most limiting.  Such information helps establish whether habitat 
provisions are adequate and thresholds reasonable over larger areas.  This may simplify 
operational planning.  For example, distribution of time-bound landscape features and habitat 
elements can be improved by changes in the harvest schedule and approach or thresholds can be 
changed to better reflect the reality of what is present across the managed landscape.  
Information gathered through monitoring of habitat elements may also allow licensees to fulfill 
yearly annual report, SFMP audit and SFM Certification requirements. 
 
Data collection represents the largest component of a monitoring program, usually employs the 
most staff, and is the most costly part.  However, dividends of collecting SFMP-relevant data for 
compliance and certification (CSA Z809-02) reporting could be perceived as far out weighing 
any short-term investments required to implement effectiveness monitoring strategies such as the 
one presented here.  
 
Adopting forest management strategies to retain adequate ranges of forest composition, age 
structures and habitat elements at the stand and landscape level could provide the habitat 
required for conserving species and species guilds across the second growth forest management 
unit (Bunnell et al. 1999; Bunnell et al. 2003; Brown and Stuart-Smith 2005; PG SFMP 2006).   
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Appendix 2. Habitat Elements and Attributes for Monitoring 2nd Growth Forest Quality 
SECOND 

GROWTH 
HABITAT 

ATTRIBUTE 

ATTRIBUTE 
INDICATOR(S) 

ATTRIBUTE VALUES 
AND/OR 

THRESHOLD(S) 1 

GEOGRAPHIC 
AREA(S) BEC / NDU EXISTING CANFOR 

DATA SOURCES 
LIT. 

TYPE2 
LIT. 

CITED3 SCORE4 

Landscape Level Attributes 
Old forests have more avian 

diversity than young W. Canada  1 11 11 

Thinning of young stands to 
emulate late-seral 

characteristics 

Penticton, Kamloops, 
Prince George 

IDFdk, MSdm, and 
SBSdw 1 15  

Diversity of understorey, 
vascular plants decreases 

throughout succession 

Nechako Plateau, 
Montane transition 

section of the 
montane forest region 

SBSmc 1 20  

Richness roughly equal in 
thinned and unthinned early-

seral and old-growth 
Interior BC IDF, MS, SBS 1 8  

Stemwood biomass of Sx and 
Bl remain constant over range 

of stand age (175 yrs+) 

North-Central 
Colorado  1 9  

Small mammal abundance and 
diversity similar in young 

managed stands to old-growth 

Penticton, Kamloops, 
Prince George 

IDFdk, MSdm, and 
SBSdw 1 12  

Variety of furbearers, less 
abundance than mature stands 

TFL-30, Prince 
George SBS, ESSF 1 32  

In human-influenced landscapes 
positive correlation between 

habitat heterogeneity and 
animal species diversity 

Broad  1 53  

Epigaeic spp richness equal in 
all cover types Peace River, Alberta  1 55  

Density of canopy trees reduced 
post-harvest:  

19% on north-facing edge; and,  
46% on south-facing edge  

Irradiance into forest 
understorey elevated at south-
facing edges up to about 70 m 

into forest interior 
Elevated densities of conifer 

seedlings up to 70 m into 
clearcuts from retained north-

facing forest edges 

Smithers/Houston SBSmc 1 45  

Several small patches equal to 
one or few large (for smaller 

organisms) 
BC Coast  1 7  

Small as valuable as large Hominka Valley, 
Nechako Lowland 

SBSvk, NDT2; 
SBSmk1, dw3, NDT3 3 10  

 
Heterogeneity 

 
Seral Stage 

Minimum level of stand 
retention 20% in old-growth, 
15% in “habitat”, and 10% in 

Coastal BC  

 
VRI and PEM 

1 14  
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SECOND 
GROWTH 
HABITAT 

ATTRIBUTE 

ATTRIBUTE 
INDICATOR(S) 

ATTRIBUTE VALUES 
AND/OR 

THRESHOLD(S) 1 

GEOGRAPHIC 
AREA(S) BEC / NDU EXISTING CANFOR 

DATA SOURCES 
LIT. 

TYPE2 
LIT. 

CITED3 SCORE4 

“timber’ grouped or 5% in 
“timber” dispersed 

Patch area is most important 
variable contributing to high 

relative bird abundance 

Michigan, Upper 
Peninsula  1 58  

2:1 closed to open canopy ratio 

Douglas Fir-Ocean 
Spray association of 
Western Hemlock.  

W. Washington 

 1 2  

Crown volume (m3/ha) 52.8 
low-density stand, 42.9 medium 
density, 27.8 high-density, 11.7 
unthinned, 30.9 pine component 

of old-growth stand 
Crown Ratio (crown length/total 

height): low-density = 0.77, 
med. dens. = 0.72, high-dens. = 

0.62, unthinned = 0.52, pine 
component of old-growth = 0.40 

Penticton, Kamloops, 
Prince George 

IDFdk, MSdm, and 
SBSdw 1 19  

 

Pine forests 40-70 yrs have Pine 
stems in 2 smallest diameter 

classes, but ≥ 3 size classes in 
41-140 and 140+ yr stands 

North-Central BC SBSmk1 

 

1 49  

Greater species richness on 
landscape level than adjacent 

areas (and more heterogeneous) 

Broad (threshold 
based on Oregon)  1 23 13 

Riparian management zones 30 
m for fish-bearing streams <1.5 
m wide, and 20 m for non-fish-

bearing streams <3 m wide 

Northern Vancouver 
Island CWH 1 39  

Riparian buffers 30+ m are 
better for wildlife than narrower 

buffers 

Pacific Northwest 
USA  1 62  

Avoid disturbance within 20 m 
of S3 and S4 streams 

Lakes, PG, and 
Quesnel TSAs SBS, ESSF 3 66  

 
Riparian 

Large woody debris has the 
ability to alter flow and creates 
habitat for aquatic organisms 
such as fish and amphibians 

Boreal forest, 
Sweden  

 
VRI and PEM 

 

1 79  

Greater richness than young 
forest or clearcut.  Variable 
comparison to contiguous 

stands 

Hominka Valley, 
Nechako Lowland 

SBSvk, NDT2; 
SBSmk1, dw3, NDT3 3 10 15 

Minimum 2 tree lengths in 
radius  

 

 
Wildlife Tree Patch 

Retain range of diameter and 
decay classes, especially conifs. 

and decid. in upper 10% of 
diam. range. 

B.C. all 

 
CRUISE DATA 

1 33 
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SECOND 
GROWTH 
HABITAT 

ATTRIBUTE 

ATTRIBUTE 
INDICATOR(S) 

ATTRIBUTE VALUES 
AND/OR 

THRESHOLD(S) 1 

GEOGRAPHIC 
AREA(S) BEC / NDU EXISTING CANFOR 

DATA SOURCES 
LIT. 

TYPE2 
LIT. 

CITED3 SCORE4 

Windthrow elevated 27% at 
north-facing slopes and 216% at 

south-facing slopes above 
interior background levels. 

Smithers/Houston SBSmc 1 45  

Trees with height:dbh ratios of 
>71:1 are blown down Smithers/Houston SBSmc 1 45  

  

Mature Picea on south-facing 
edges had 48% decrease in 

radial growth up to 45 m into 
forest 

Smithers/Houston SBSmc 

 

1 45  

 Stand Level Attributes 
~31 m2/ha (0-50 yrs), ~2.5 

m2/ha (51-100 yrs), ~6 m2/ha 
(101-150 yrs). 

Nechako Plateau, W.-
central BC SBSmc 1 3 15 

~2750 snags/ha (0-50 yrs), ~500 
snags/ha (51-100 yrs), ~550 

snags/ha (101-150 yrs). 

Nechako Plateau, W.-
central BC SBSmc 1 3  

2-3 large snags/ha BC Coast  1 7  
Increase in wildlife trees with 

increasing tree diameter McBride area ICH 1 25  

Wildlife trees should be ≥10 ft 
tall, and ≥9 inches dbh Broad  1 99  

Retain groups of dead pine 
(>0.2 ha) 

Stubs restricted to trees >30 cm 
dbh 

Stubs should be created in trees 
already containing cavities 

Lakes, PG, and 
Quesnel TSAs SBS, ESSF 3 66  

WLT quality ranking  
Species and size thresholds 

Black cottonwood (>50 cm dbh) 
Aspen (>40 cm dbh) 

Lodgepole pine (>30cm dbh) 

North-Central BC 

BWBS (Old aspen) 
ESSFmv2 and wk2 

SBSwk2 
ICHwk3, mm 
SBSdk, dw3 

   

Wildlife tree types based on 
signs of use by wildlife  North-Central BC SBS, ESSF and ICH 3 109  

 
Dead and Dying Trees 

Remnant forest fire patches 
differ from young patches 

created by harvesting  
PG Forest Region SBSmk 

 
CRUISE DATA 

1 49  

~105 m3/ha (0-50 yrs), ~70 
m3/ha (51-100 yrs), ~69 m3/ha 

(101-150 yrs). 

Nechako Plateau, W.-
central BC SBSmc 1 3 14 

 Wildlife types of CWD decline 
after harvest, especially in types 

2 and 4 
Piece length decline post-

harvest 

McBride area ICH 1 25  

 
Structural Complexity 

 
Coarse Woody Debris 

>71% of volume  
(>17.5 cm diam) originated pre-

disturbance for naturally 

North-Central BC SBSmk1 

 
RESIDUE AND WASTE 

SURVEYS 

1 49  
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SECOND 
GROWTH 
HABITAT 

ATTRIBUTE 

ATTRIBUTE 
INDICATOR(S) 

ATTRIBUTE VALUES 
AND/OR 

THRESHOLD(S) 1 

GEOGRAPHIC 
AREA(S) BEC / NDU EXISTING CANFOR 

DATA SOURCES 
LIT. 

TYPE2 
LIT. 

CITED3 SCORE4 

regenerating stands 
CWD volume greater in 
conifer-dominated and 
mixedwood stands (not 
significantly greater) 

Peace River, Alberta  1 55  

Leave slash >15 cm Lakes, PG, and 
Quesnel TSAs SBS, ESSF 3 66  

Mean CWD volume: 120.54 
m3/ha (ranged from 4.2 - 387.1) SBSdk / dw  

Mean CWD volume: 222.8 
m3/ha (ranged from 1.4 - 932.1) 

PG Forest Region 
SBSmk / mc 

3 70 
 

Mean CWD volume: 145 m3/ha 
(ranged from 4 - 373) ESSFwk  

Mean CWD volume: 74 m3/ha 
(ranged from 5 - 201) ESSFmv  

Mean CWD volume: 55 m3/ha 
(ranged from 2 - 473) SBSdk  

Mean CWD volume: 116 m3/ha 
(ranged from 0 - 468) SBSdw  

Mean CWD volume: 151 m3/ha 
(ranged from 2 - 661) SBSmc  

Mean CWD volume: 26 m3/ha 
(ranged from 7 - 36) 

B.C. wide 

SBSmk 

1 104 

 

Mean CWD volume: 232.7 
m3/ha (ranged from 87.7-486.3) ICHvk /wk  

Mean CWD volume: 145.0 
m3/ha (ranged from 22.8-390.4) 

PG FD 
SBSmk 

1 105 
 

Mean CWD volume: 243.0 
m3/ha (ranged from 60-425) ESSFwk  

Mean CWD volume: 255.0 
m3/ha (ranged from 144-658) 

Robson Valley 
ICHwk 

3 106 
 

Mean CWD volume: 81.0  
Mean CWD volume: 160.0 Morice and Lakes FD SBSdk                

SBSmc 3 107  

 

Mean CWD volume: 192.6 
m3/ha (ranged from 38.6-286) PG FD SBSmk 

 

3 108  

12% in timber stands, 5% in 
legacy stands 

Douglas Fir-Ocean 
Spray association of 
Western Hemlock.  

W. Washington 

  1 2 9 

Relative shrub cover slightly 
greater in deciduous-dominated 

woodlands 
Peace River, Alberta   1 55  

 

 
Shrubs 

Understorey vegetation changes 
as a function of overstorey 

(>1m) and stand age 
West-central Alberta   1 96  

1Thresholds are indicated with > or < sign 
2 Literature Type: 1 – Peer-reviewed; 2 – Masters/PhD Thesis; 3 – Technical Report; 4 – Management Plan; 5 – Expert Opinion; 6 – Workshop 
3 Literature Cites: See Appendix 1 for list of references associated with each number 
4 Score: Total sum of ‘SMART’ assessment of each indicator using a rating of 0-3 for each criterion. See Section 3.2 (page 13 of this report)  


