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Executive Summary  
BC Timber Sales (BCTS) Prince George Business Area (TPG) required the development 
of pre- and post-harvest survey methodologies for coarse woody debris (CWD) to inform 
the development of a comprehensive strategy for the management of CWD.  Specifically, 
TPG wanted a cost-efficient methodology that will enable them to: monitor compliance 
with the Forest Planning and Practices Regulation for post-harvest CWD retention; 
establish effective stand-level CWD retention targets for cut-blocks, within the range of 
natural variation of undisturbed stands; and to monitor implementation of management 
practices designed to achieve cut-block targets.  A review of the literature on CWD 
sampling, including methods used in forest types relevant to the study area, indicated that 
Line-intersect Sampling was the most cost-efficient survey method for estimating CWD 
populations, but that fewer longer transects than recommended in Provincial protocols 
would result in the moderately-high level of accuracy required to meet TPG’s multiple 
objectives.  Opportunities to integrate CWD surveys with existing pre- and post-harvest 
field surveys were identified.  Pre-harvest CWD surveys can be integrated with Site Plan 
surveys.  Post-harvest CWD surveys can be integrated with Residue and Waste surveys, 
except where mechanical site preparation is planned, in which case they should be 
delayed and integrated with Stocking Surveys.  CWD surveys should be stratified 
according to the protocols used for Site Plan Plots, resulting in 2-5 CWD transects per 
cut-block on average.  Pre-harvest CWD surveys of 90 m transects, oriented as an 
equilateral triangle of contiguous 30 m legs are recommended.  Due to the aggregation of 
CWD in clumps and/or strips when Best Management Practices for CWD are 
implemented, post-harvest surveys should consist of 150 m transects, oriented in a zig-
zag shape of contiguous 50 m transect legs.  Attributes of CWD that should be recorded 
include: species, diameter, length, tilt angle, height above ground, decay class, and 
damage class.  A variety of variables that could be used to indicate retention of 
“effective” CWD can be derived from the data collected.  Estimated additional survey 
costs required to collect CWD data under the proposed protocols range between $1.50-
7.00/ha for pre-harvest surveys, and $1.67-7.00/ha for post-harvest surveys, depending on 
the need for an additional allowance for travel time to complete the integrated surveys.  
The proposed survey protocols are cost-effective, easy to implement in the field, 
consistent with other provincial and regional methodologies, integrated into other pre- 
and post-harvest field activities, and statistically robust. 
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Introduction 
 
Coarse woody debris (CWD) is a major structural component of forested ecosystems 
whose ecological value has long been recognized in academic circles and by forest and 
wildlife managers (e.g. Maser et al. 1979; Maser & Trappe 1984; Harmon et al. 1986; 
Stevens 1997; Lofroth 1998).  Coarse woody debris is defined as dead woody material on 
the forest floor that is greater than 7.5 cm in diameter and in various stages of decay.  It is 
a vital component of forest ecosystems, providing important wildlife habitat and 
structural complexity for a variety of biological interactions and energy exchanges. The 
long-term management of CWD is critical to maintaining ecosystem integrity and forest 
productivity. 
 
BC Timber Sales Prince George Business Area (hereafter referred to as TPG) is 
developing a comprehensive strategy for the management of CWD which will: 

• Maximize the amount (quantity) of ecologically functional, effective CWD 
remaining on site after harvest, within the operational constraints of harvesting,  
silvicultural activities and current regulations; and, 

• Maintain the attributes (distribution and quality) of effective CWD post-harvest, 
such that retained logs are most likely to contribute to natural ecological functions 
and processes; 

where “effective” CWD retention is described as the amount, distribution and quality of 
CWD required to maintain CWD-dependent habitat, biodiversity and site productivity in 
managed forests, based on ecological interpretations of undisturbed forest benchmarks 
(M. Marsland, TPG, pers. comm.). 
 
TPG staff must determine if harvest operations maintain the level of CWD prescribed in 
Forest Stewardship Plans (FSPs) prepared under the Forest and Range Practices Act 
(FRPA).  Current TPG FSP retention targets reflect the FRPA practice requirement as 
defined in the Forest Planning and Practices Regulation (FPPR) (M. Marsland, TPG, 
pers. comm.).  The required FSP target for Interior BC is four logs per hectare, >7.5 cm 
diameter and > 2 m in length.  Additional obligations to collect information to confirm 
current, or set additional, CWD targets are stipulated within the sustainable forest 
management plans (SFMPs) completed for the Prince George and Mackenzie Districts.  It 
is anticipated that additional targets will be more effective biologically and ecologically.  
Quantitative and qualitative data collection along with some understanding of 
management benchmarks will be required to set additional targets. 
 
The comprehensive strategy for the management of CWD being developed by TPG 
contains the following facets:   

• A pre-harvest CWD assessment to facilitate the establishment of stand-level 
retention targets for cut-blocks; 

• Management techniques for operators to maintain effective CWD post-harvest; 
• Management training for TPG staff, consultants and harvesting & silviculture 

operators; and, 
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• A post-harvest survey methodology for implementation and effectiveness 
monitoring (RFP p.6; M. Marsland, TPG, pers. comm.). 

Survey and assessment methodologies should measure not just CWD amount (i.e. 
volume), but also attributes associated with distribution and quality. 
 
This document addresses the first and last of these facets by detailing proposed pre- and 
post-harvest survey methodologies for CWD for TPG.  The development of CWD survey 
methodologies for TPG has been guided by the following multiple TPG objectives: 

• Short-term: 
- Compliance with the FPPR CWD retention target; 

• Medium-term: 
- Collection of sufficient pre-harvest CWD data to establish 

effective stand-level CWD retention targets for cut-blocks, within 
the range of natural variation of undisturbed stands; 

- Implementation monitoring of effective stand-level CWD retention 
targets by cut-block; 

• Longer-term: 
- Collection of sufficient pre-harvest CWD data to establish 

effective CWD benchmarks by BEC site-series group, negating the 
need for continued pre-harvest CWD surveys of every cut-block; 

- Effectiveness monitoring of CWD Best Management Practices, 
minimising the requirement for post-harvest CWD surveys of 
every cut-block. 

 
TPG does not currently collect any quantitative data on CWD that can meet these 
objectives.  Therefore, TPG required the development of CWD survey methodologies 
that account for amount, quality, distribution, and effectiveness of CWD pre- and post-
harvest.  Survey methodologies should be cost-effective, easy to implement in the field, 
consistent with other provincial and regional methodologies, integrated into other pre- 
and post-harvest field activities, and easy to interpret during analysis.  Data collection and 
analysis should be statistically sound, transparent and repeatable. 
 
The tasks undertaken in developing the proposed pre- and post-harvest CWD survey 
methodologies for TPG included: 

• A review of published and unpublished literature relating to CWD survey 
methodologies; 

• A review of existing pre- and post-harvest assessment methodologies applicable 
to BEC zones of the study area; and, 

• Identification of indicator attributes for effective CWD assessment. 
 
Key elements of the proposed pre- and post-harvest CWD survey methodologies detailed 
in this document are: 

• Sample site selection and sampling intensity; 
• Sampling methodology and field data collection protocols; and, 
• Cost per plot/transect and per hectare. 
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Study Area 
 
The BCTS Prince George Business Area (TGA) spans the Prince George and Mackenzie 
Forest Districts (PGFD & MFD) and the Robson Valley Timber Supply Area (RVTSA) 
of the Headwaters Forest District.  Operating areas extend throughout the Business Area 
across six forested biogeoclimatic ecosystem classification (BEC) zones and multiple 
variants (23) within those zones. 
 
Natural Disturbance Units (NDUs) have been defined for the PGFD and parts of the 
MFD (DeLong 2002).  There are no NDUs mapped for the RVTSA.  NDUs within the 
PGFD & MFD include:  

1. McGregor Plateau; 
2. Moist Interior; 
3. Moist Interior-Plateau; 
4. Omineca; 
5. Wet Mountain; and,  
6. Wet Trench. 

 
NDUs are further broken down by BEC zones, with the following three forested BEC 
zones comprising the majority of the PGFD: 

 1) Sub-Boreal Spruce (SBS);  
 2) Engelmann Spruce- Sub-alpine Fir (ESSF); and,  
 3) Interior Cedar- Hemlock (ICH)  

SBS is by far the most prevalent.  There is a very small amount of Sub-Boreal Pine 
Spruce (SBPS) in the southwest corner of the TGA, in the Holman operating area. 
 
TGA operating areas within the MFD are comprised primarily of SBS and ESSF.  There 
is some Boreal White and Black Spruce (BWBS) in the Pesika and Akie operating areas.  
There is also a small amount of SWB (Spruce-Willow-Birch) in the northeast corner of 
the Akie operating area.  TGA operating areas within the RVTSA to the south are 
primarily composed of SBS, ESSF and ICH. 
 
There are numerous BEC variants within the PGFD, MFD and RVTSA: 

• SWBmk; 
• ICHwk3, ICHvk2, ICHmm, ICHwk1; 
• ESSFwk2, ESSFmv3, ESSFmm1, ESSFwc2, ESSFmv4; 
• SBSwk1, SBSmw, SBSmh, SBSdw2, SBSmk1, SBSvk, SBSdw3, SBSdw1, 

SBSdh1, SBSwk2, SBSmk; 
• BWBSdk1; and, 
• SBPSdc. 
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General CWD survey considerations 

Fixed Area Plots versus Line-intersect Sampling 
In general, two survey methods, fixed-area plots (FAPs) and line-intersect sampling 
(LIS), have been used to sample CWD (Meggs 1996; Woldendorp et al. 2002a; Jordan et 
al. 2004).  The former has more often been used in research studies, where a high level of 
accuracy is considered necessary to answer fairly narrowly-focussed questions about a 
limited area.  LIS was originally developed for logging residue assessment (Warren & 
Olsen 1964), for which it has been used extensively around the world, including BC, and 
has generally been the preferred method for broad-scale vegetation inventories such as 
that developed by the Northern Interior Vegetation Management Association (NIVMA) 
(NIVMA 1997) and the Vegetation Resource Inventory (VRI) (MSRM 2004), delivering 
a moderately-high level of accuracy at significantly lower cost than FAPs.  Woldendorp 
et al. (2002a), in an excellent review of the two CWD sampling methodologies, listed 
their respective advantages and disadvantages as follows: 
 
Line Intersect Sampling 
Advantages      Disadvantages 
• Simple to use     • Pieces must be randomly orientated 
• Cost effective/ fast     • Pieces must be lying horizontal 
• Very good accuracy     • Pieces must be cylindrical 
• Flexibility in spatial arrangement (for piece • Line length crucial for expected precision 
orientation)  
• Less measurements needed per piece   • Not very useful for long-term monitoring 
• Better in dense vegetation    • Snags and stumps cannot be measured 
 
Fixed-Area Plot 
Advantages      Disadvantages 
• Can be simple to use     • More expensive/time consuming 
• Snags, stumps and logs measured in same  • Requires more measurements per piece 
plot/subplot     (logs) 
• Can be used for total biomass inventory   • Plot size crucial for accurate estimates 
• Can vary plot size to suit forest type   • Difficult to measure forest floor CWD in 

dense vegetation 
• More useful for long-term monitoring   • Large plots may be needed for long-term 

monitoring 
 

A third method of CWD sampling, relascope sampling, has recently been developed 
(Stahl 1998; Gove et al. 2001), with claims of even greater sampling efficiencies and 
cost-savings than LIS.  This method was adapted from prism sweeping used to measure 
stand basal-area, and requires excellent ground-layer visibility for use in sampling CWD.  
For this reason, it is considered unsuitable for many of the forest-types of interest in the 
current study area. 
 
We consider that the multiple objectives of BCTS can be met with a moderately-high 
level of accuracy in estimating CWD populations.  Combined with the cost-efficiencies 
associated with LIS relative to FAPs, this leads us to conclude that LIS is the most 
suitable CWD survey method to meet BCTS’s pre- and post-harvest sampling objectives.  
LIS has the added advantage of being able to sample a greater level of spatial variability 
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of CWD occurrence at lower cost than FAPs (Meggs 1996).  Where CWD is very 
patchily distributed an increased number of FAPs would be required to capture this 
variability due to their limited spatial extent, with associated increases in cost. 

Line length, number of lines, & line orientation 
There are no hard-and-fast rules on the length of transect line that should be used to 
sample CWD populations.  In general, longer lines will produce a higher level of 
accuracy of the estimated population because of the naturally patchy distribution of 
CWD, particularly of large-diameter material.  Harmon & Sexton (1996) considered that 
transect lengths of less than 100 m have generally been too short to obtain accurate 
estimates of larger-diameter CWD in unmanaged forests.  Conversely, because of their 
relatively high frequency of occurrence and hence relatively low variability in 
distribution, smaller-diameter pieces can be accurately sampled using shorter transect 
lengths. 
 
In reality the length of transect line chosen will be a product of the desired level of 
accuracy necessary to meet the study objectives and the availability of survey resources.  
Two measures of accuracy that are often quoted in relation to CWD sampling are the Co-
efficient of Variation (CV - percent standard deviation of the mean) and percent Standard 
Error (SE).  It appears that a CV of < 100% and/or a SE < 20% of the mean are becoming 
the accepted standards of accuracy for estimating CWD populations (Van Wagner 1982; 
Woldendorp et al. 2002b; MoF 2005), possibly because more accurate estimates, such as 
a SE within 10% of the mean, require disproportionately greater sample effort (Parminter 
1998).  For example, Pickford & Hazard (1978) recommended that 8.3 km of transect 
line in one forest/fuel type of approximately 40 ha would be required to obtain an 
estimate of CWD volume within 10% of the mean. 
 
Each line transect, irrespective of shape, represents a single sampling unit (Marshall et al. 
2000).  It follows from the above that because longer transects provide more accurate 
population estimates, fewer longer lines will provide a more accurate estimate of a CWD 
population in a particular forest/fuel type than many shorter transects.  So, where 
logistically possible, longer line lengths are preferable to sampling more transects. 
 
One of the key assumptions of LIS is that CWD pieces are randomly oriented (Warren & 
Olsen 1964).  If this is the case, then straight-line transects will generally capture more of 
the spatial variation of CWD than other configurations.  However, there are some 
situations in which CWD may not be randomly oriented, such as in blow-down on steep 
slopes or in cable-harvested areas, where CWD is often preferentially oriented parallel to 
the slope.  To overcome this potential for bias, a variety of line orientations or transect 
shapes have been used in CWD studies, irrespective of slope, including triangles (e.g. 
DeLong & Kessler 2000; Lloyd 2003 & 2005), ladders (Huggard 2004), stars (Nemec & 
Davis 2002) & L-shaped transects (e.g. VRI, Field Manual for Describing Terrestrial 
Ecosystems, NIVMA TRENDS, & FREP).  Analysis of various transect shapes has 
shown that where no bias exists in CWD orientation, transect length is more significant in 
accurately estimating CWD populations than transect shape (Marshall et al. 2000; 
Woldendorp et al. 2002b).  Importantly, these studies have also found that, as long as the 
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transect is of sufficient length, there is no significant loss in accuracy if shapes other than 
straight-lines are used, allowing the development of methods that can be standardised to 
sample areas with or without CWD orientation bias.  Therefore, preference for a 
particular transect shape will generally be influenced more by logistics.  For example, 
triangular-shaped transects may be more efficient where there is a need to bring a field 
crew back to the starting point of a transect.  An exception is where the distribution of 
CWD is heavily clumped.  In such a case, a transect shape that is closer to a straight line 
will sample a larger area and hence capture more of the spatial variability of the CWD 
distribution than will a star- or triangular-shaped transect (Marshall et al. 2000), possibly 
over-riding logistical considerations. 

Provincial standards for CWD assessments 
Resource Information Standards Committee (RISC) provincial standards for CWD 
assessments are in place for VRI surveys (MSRM 2004) and for collecting terrestrial 
ecosystem data for use in various ecological inventories, such as ecosystem classification, 
terrestrial ecosystem mapping, and wildlife habitat assessment (as per the Field Manual 
for Describing Terrestrial Ecosystems - MELP & MoF 1998).  CWD survey protocols 
have also recently been developed under the FRPA Resource Evaluation Program (FREP 
- MoFR & MoE 2006) for use in stand-level biodiversity monitoring to capture the 
structural attributes that have been left within a cut-block. 
 
Under all three protocols CWD is defined as: 
Dead woody material, in various stages of decomposition, located above the soil, larger 
than 7.5 cm in diameter (or equivalent cross-section) at the crossing point, which is not 
self-supporting.  Trees and stumps (intact in ground) are considered self-supporting, and 
therefore are NOT considered CWD (MoFR & MoE 2006). 
 
The FREP (MoFR & MoE 2006) protocol for CWD surveys has been specifically 
designed to evaluate compliance with the FPPR requirement for CWD retention under the 
Forest and Range Practices Act, which for Interior BC is four logs per hectare, >7.5 cm 
diameter and > 2 m in length.  The sampling method for CWD requires at least one 30 m 
line transect per stratum, consisting of two contiguous 15 m legs oriented at right-angles 
to one another.  The designated line-length appears to be in part a consequence of 
integrating the CWD assessment with data collection for retained trees, and a reliance on 
detailed stratification within a cut-block that is assumed will capture much of the 
variation in CWD distribution.  The number of transects per cut-block may vary from 3-
45, depending on the size of the block, the number of strata, and the number of retained 
patches of forest.  The CWD data collected includes species, diameter, length and decay 
class.  At least one piece of CWD per transect must be measured to calibrate the 
measurer’s visual estimate of diameter and length.  Thereafter, all CWD with a diameter 
> 7.5 cm at the point where their central axis is intersected by the transect line are tallied 
and estimates of the required attributes of each piece are made.  Due to its reliance on 
many short transect lines and the limited attribute data collected, this protocol will 
produce coarse-level estimates of CWD populations and is considered unsuitable to meet 
the broader objectives of BCTS’ CWD survey requirements. 
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CWD surveys under the Vegetation Resource Inventory (VRI) program aim to collect 
data to determine the gross volume of CWD by decay class and to identify potentially 
merchantable material for removal (MSRM 2004).  Similar to the FREP protocol, 
integrated plots are used, but with 48 m CWD transects, consisting of two contiguous  
24 m legs oriented at right-angles to one another.  A minimum of 15 sample plots is 
recommended for each stratum, but will vary according to stratum size and the desired 
level of accuracy.  This method also uses a detailed multi-scaled stratification process to 
compensate for the relatively short length of each sampling transect.  The CWD attributes 
recorded include: species, diameter, decay class, tilt angle, and merchantability - length is 
optional.  This protocol also relies on the use of many short transects lines to estimate 
CWD populations, and as such, is unlikely to provide a sufficiently accurate estimate of 
CWD quantity and quality to be used in setting management objectives at the cut-block 
level. 
 
The Field Manual for Describing Terrestrial Ecosystems (MELP & MoF 1998) was 
developed as a generic survey protocol for collecting ecological data for individual 
projects and for a variety of inventory programs such as ecosystem classification, 
terrestrial ecosystem mapping, and wildlife habitat assessment.  This protocol uses the 
same length and orientation of transects as the VRI protocol for sampling CWD.  The 
intensity of sampling effort (ie, the number & location of samples) will vary according to 
the specific project objectives.  The CWD attributes for which data is collected include: 
species, diameter, length, decay class, and tilt angle.  Again, we consider the transect 
lengths used in this survey protocol to be too short to meet the objectives of BCTS’ CWD 
survey requirements. 
 
All three protocols detail rules for sampling CWD, such as determining when a piece of 
CWD has been intersected by the line transect, measuring odd-shaped pieces of CWD, 
measurement of pieces crossed more than once, amongst other rules. 

Other pre- and post-harvest assessment methodologies relevant to the study area 
A variety of CWD sampling methodologies have been used in ecological projects within 
the study area or within BEC variants relevant to the study area.  The Northern Interior 
Vegetation Management Association TRENDS Silviculture Monitoring Protocol for 
CWD (NIVMA 1997) was a modified version of the VRI protocol in use at that time, but 
used 30 m transects, consisting of two contiguous 15 m legs oriented at right-angles to 
one another.  The CWD attribute data collected included: diameter, height above ground, 
decay class, decay level, bark presence, percent of roots, type of roots, and length, as well 
as attribute data for accumulations or piles of CWD. 
 
DeLong and Kessler (2000), in a study of the ecological attributes of isolated and large 
contiguous forest patches in the SBSmk1, sampled CWD using 90 m transects oriented in 
a right-angled triangle.  They collected data on diameter, height above the ground, and 
decay level. 
 
As part of the Northern Wetbelt Silvicultural Systems Project, Jull et al. (2002), used 
three independently located 24 m line transects in multiple plots in each treatment unit to 
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measure CWD abundance and characteristics pre- and post-harvest in the ICH and ESSF.  
The attributes of CWD recorded were: diameter, length, origin, decay class, CWD 
Wildlife Type (as per Keisker 2000), and evidence of wildlife use.  Jull et al. (2002) 
reported CWD volume data using each 24 m line transect as an individual sampling unit, 
whereas the Provincial CWD database appears to record CWD volumes for this project at 
the plot level based on 72 m transect lengths (ie, 3 X 24 m transect legs). 
 
Rogers (2002) conducted CWD surveys in the Robson Valley Forest District for the 
Enhanced Forest Management Pilot Project (EFMPP) as a pilot study.  Data were 
collected to determine levels of volume, decay class, and wildlife habitat type in clearcut 
versus unharvested areas across six BEC subzones in the District.  The same CWD 
sampling protocol used by Jull et al. (2002) was used in this study. 
 
As part of a project to devise a management strategy for CWD across the Morice and 
Lakes Forest Districts, Lloyd (2003) described CWD occurring in recently harvested and 
unharvested forests of the SBSdk, SBSmc2 and ESSFmc BEC subzones.  The aim of this 
exercise was to develop CWD quantity and quality benchmarks for unharvested forests of 
these subzones and to identify specific differences in CWD characteristics post-harvest 
that could be used to guide changes in management practices to achieve the unharvested 
benchmarks.  Study sites were stratified by BEC site-series, with each stratum sampled at 
least once.  CWD was measured using 90 m line transects, consisting of three 30 m lines 
arranged in an equilateral triangle.  For each piece of CWD intersected by the transect 
line, the following attributes were recorded: species, decay class, diameter, length class, 
tilt angle, and height above ground.  A subsequent study by Lloyd (2005) conducted to 
trial Best Management Practices (BMPs) to achieve CWD benchmarks for volume, piece-
size (diameter and length) and vertical distribution (ie, piece height above ground) 
derived from unharvested forest, employed a slightly modified version of this sampling 
protocol.  The same transect length and layout were used, but to increase cost-efficiency 
of sampling whilst maintaining the study’s focus on larger diameter pieces, CWD < 20 
cm in diameter was measured only in the first 15 m of each 30 m leg of the 90 m transect 
(ie, 45 m in total for this diameter class), with all larger diameter material measured over 
the full length of the transect. 
 
In general, there has been fairly good consistency in the type of CWD attributes recorded 
in these various studies to quantify CWD quantity and quality.  However, sampling 
intensity has been quite variable, depending on the specific objectives of the individual 
studies and the relative availability of resources.  It is apparent that in a number of these 
studies and in the Provincial Standards, there has been a tendency to use quite short 
transect lengths and to rely on untested stratification protocols to capture much of the 
variation inherent in CWD populations.  Whilst the uncertainty associated with this 
approach may be of little concern in coarse-scale inventories of forest attributes, we 
consider that there are significant risks of inaccuracy if it is applied to set CWD 
management targets at a cut-block scale. 
 
The only CWD sampling protocol that has been used to set CWD retention targets based 
on unharvested benchmarks is that used by Lloyd (2003 & 2005).  We know that with the 
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exception of some drier forest types which have relatively depauperate CWD 
populations, this protocol will generally produce a Co-efficient of Variation of less than 
100% (Table 1).  As such, we have used this survey protocol as the basis for the 
development of pre- and post-harvest CWD survey methodologies for BCTS. 
 
Table 1.  Summary statistics for CWD volumes of site-series groups from Lloyd (2003). 
Subzone Site group n mean SD SE CV
SBSdk good 24 148 112.64 22.99 76.11%

moderate 223 63.07 66.73 4.47 105.80%
poor 57 43.3 41.3 5.47 95.38%

SBSmc2 good 131 255.76 151.48 13.23 59.23%
moderate 870 151.77 124.59 4.22 82.09%
poor 143 67.91 91.2 7.63 134.30%

ESSFmc good 42 263.55 173.74 26.81 65.92%
moderate 72 129.38 95.39 11.24 73.73%
poor 44 76.19 70.65 10.65 92.73%  

 

Cost-efficiencies 
One of the most significant costs in any field survey is getting a field crew to and from a 
survey site.  In the development of any new survey, significant cost-efficiencies can be 
delivered if the additional survey work can be integrated into existing field surveys.   
Therefore, in the development of this CWD survey methodology for BCTS, we have 
considered all opportunities for integration with current BCTS field survey activities, 
including Timber Cruises, Site Plan Plots, Residue & Waste Surveys, and Regeneration 
Surveys. 
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Pre-harvest CWD survey methodology 

Integration with existing TGA surveys 
Site Plan (SP) Plots appear to offer the most suitable opportunity to integrate a pre-
harvest CWD survey due to their use of a stratification protocol that is ecologically 
appropriate to CWD.  This stratification is largely based on a combination of topographic 
features such as slope, aspect and drainage, and vegetative features, such as BEC site-
series (Curran et al. 2000). 
 
Timber Cruise surveys were considered less suitable for the integration of a pre-harvest 
CWD survey based on the outcomes of a trial conducted in Coastal forests by Davis et al. 
(2004).  To maximise integration of the pre-harvest CWD survey with the Timber Cruise 
at minimal cost an unorthodox CWD sampling method was employed - variable radius 
plots in which visually estimated values for all CWD attributes were collected.  
Comparison with measured values indicated that estimated values were consistently 
unreliable on a piece-by-piece basis, limiting the usefulness of the data at anything but a 
broad-scale.  The authors concluded that potentially costly revisions to Timber Cruise 
procedures would be required to address this issue.   

Locating CWD transects 
The starting point for CWD transects will be the location of SP plots based on the 
stratification protocol referred to above.  The only exception to this will be if the location 
of an in-block reserve such as a Wildlife Tree Patch (WTP) or Riparian Reserve Zone 
(RRZ) has been determined prior to SP surveys AND the planned reserve contains a 
unique stratum, not otherwise represented in the planned harvest area.  This stratum will 
still require a CWD transect because unharvested areas within the cut-block will 
contribute CWD towards the FPPR CWD retention target. 

Sampling intensity for CWD 
Number of CWD transects 
The number of CWD transects to be surveyed in individual cut-blocks will generally be 
determined by the number of SP plots to be sampled, except where additional CWD 
transects are required due to circumstances outlined above.  Estimates from TGA Field 
Teams indicate that, on average approximately 3-5 SP plots per cut-block are surveyed in 
the Prince George Forest District (R. Ottesen, PG Field Team, pers. comm.), and 2-4 SP 
plots per cut-block in Mackenzie Forest District (G. Van Dolah, MK Field Team, pers. 
comm.), with average cut-block sizes in the order of 50 ha (TGA unpubl. data).  
Therefore CWD sampling intensity will, on average, range from 3-5 transects per 50 ha. 
 
CWD transect line length 
Based on the moderately-high level of accuracy in estimating CWD populations achieved 
by Lloyd (2003 & 2005) we recommend that 90 m CWD transects be used for the pre-
harvest CWD survey. 
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Layout of CWD transects 
CWD transects are to be laid out in the shape of an equilateral triangle, consisting of 
three contiguous 30 m legs.  Take the slope of each line and determine the slope distance 
required to produce a horizontal line of 30 m length.  The azimuth of the first transect leg 
is to be randomly generated, with subsequent legs angled at 60° to the previous leg. 
 
Use of transects of this shape will compensate for any bias in orientation of CWD and 
will ensure that field crews return to the SP plot at the end of the CWD survey.  Where 
possible, no portion of the CWD transect should be located within 30 m of a road or 
stratum boundary.  To increase efficiency it is recommended that field crews use hip-
chain to measure the transect length as they walk along a bearing recording CWD data, 
rather than formally establishing a transect using a field tape measure prior to beginning 
CWD sampling. 

Sampling rules for CWD 
All CWD with a diameter > 7.5 cm at the point of intersection is to be recorded, with the 
following exception.  To increase sampling efficiency in moist/wet forest types, where 
CWD populations are generally relatively dense, the smallest diameter class of CWD (7.5 
- 20.0 cm) should be measured only on the first 15 m of each leg of the transect (as per 
Lloyd 2005).  Therefore, the transect length for this diameter class in moist/wet forest 
will total 45 m.  All CWD > 20 cm diameter is to be recorded for the full 90 m length of 
the transect. 
 
In dry forest types, all diameter classes of CWD should be sampled along the full 90 m 
length of the transect line. 
 
General CWD sampling rules are presented in Appendix I reproduced from the Field 
Manual for Describing Terrestrial Ecosystems (MELP & MoF 1998). 

CWD attributes to be measured 
The following attributes of each piece of CWD are to be recorded (modified from Lloyd 
2003 & 2005 and the Field Manual for Describing Terrestrial Ecosystems): 
 

Species: 
• Record a code for each piece, using the tree species codes found in Appendix 

II. If the species can not be determined put “X” for unknown, “Xh” for 
unknown hardwood, or “Xc” for unknown conifer. 

 
Diameter: 

• Record the diameter of the piece perpendicular to the bole at the point where 
the sampling line is considered to intersect the central axis of the piece. Wrap 
a diameter tape around the bole, when possible, or use the reverse side of the 
tape to estimate the diameter.  Alternatively, a ruler placed along side the bole 
can produce a reasonably accurate estimate of diameter, and may be more 
efficient where there are lots of small diameter pieces.  Calipers may also be 
used, and are often easier when CWD is in several layers. 
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• Measure diameter to the closest 0.1 cm. 
• If the CWD is hollow, estimate the diameter-equivalent required to 

approximate the volume of the remaining wood. 
 
Length class: 

• Assign each piece to one of the following length classes - < 2.0 m, 2.0 - 5.0 m, 
5.0 - 10.0 m, etc., in 5 m increments up to 20 m, then > 20 m. 

• Piece length is to be estimated from the largest end down to the 7.5 cm 
diameter limit (Fig. 1). 

 

 
Figure 1.  Portion of CWD > 7.5 cm diameter to be assigned to a length class (reproduced 
from Fig. 7.4a Field Manual for Describing Terrestrial Ecosystems). 

 
• If a log has broken lengthwise but is still partially held together, record the 

equivalent length as if the piece were whole. 
• If the end(s) of the piece are broken, visually fold in the broken sections to 

compensate for the missing parts. 
• For main boles with exposed roots, piece length is measured only down to the 

root collar (Fig. 2). 
 

 
 
Figure 2.  Estimating length for main boles with exposed roots (reproduced from Fig. 7.4b 
Field Manual for Describing Terrestrial Ecosystems). 

 
• If a root mass is transected, piece length for individual roots (larger than the 

minimum diameter) is measured only up to the root collar (Fig. 3). 
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Figure 3.  Estimating length for a transected root mass (reproduced from Fig. 7.4c Field 
Manual for Describing Terrestrial Ecosystems). 
 

• For forked stems, where one of the forks transected is determined (by largest 
diameter) to be a continuation of the main bole then the length will be 
measured to the ends of the main piece (Fig. 4a). 

 
Figure 4a.  Estimating length for the largest diameter portion of a forked stem (reproduced 
from Fig. 7.4d Field Manual for Describing Terrestrial Ecosystems). 
 

• The piece length of the smaller stem(s) (smaller diameter) will be measured 
only to the junction with the main bole (Fig. 4b). 

 
Figure 4b.  Estimating length for the smaller diameter portion of a forked stem (reproduced 
from Fig. 7.4e Field Manual for Describing Terrestrial Ecosystems). 
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• For forks of near equal stature make a determination as above and measure 
accordingly. 

• Where a piece is crossed more than once by a transect, pieces broken but still 
physically attached are measured as one piece at each transect point.  The 
length measurement is taken along the central axis of the piece (Fig. 5). 

 
Figure 5.  Estimating length for a broken piece crossed more than once by the transect 
(reproduced from Fig. 7.4f Field Manual for Describing Terrestrial Ecosystems). 
 

• The full piece length of curved/crooked pieces is measured at both crossings 
(Fig. 6). 

 
Figure 6.  Estimating length for a curved piece crossed more than once by the transect 
(reproduced from Fig. 7.4g Field Manual for Describing Terrestrial Ecosystems). 
 

• In the same manner as above, record the full piece length twice where the 
same piece is crossed by two transect legs at angles to each other. 

 
 
Tilt angle (if greater than 15°): 

• Refers to the tilt of the individual log away from the horizontal, regardless of 
the slope of the ground. A clinometer is placed on the surface of the piece at 
the point of the intercept measurement and the angle from the horizontal (in 
degrees) is recorded (Fig. 7). 
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Figure 7.  Measuring the tilt angle of a piece (reproduced from Fig. 7.3 Field Manual for 
Describing Terrestrial Ecosystems). 
 

• Only measure and record the tilt angle if it is greater than 15 degrees from the 
horizontal. 

• Tilt angle is required for accurate estimates of volume/ha because tilted pieces 
have a lower probability of being crossed by the line transect (Marshall et al. 
2000). 

 
Height above ground: 

• This is the height above ground of the piece at the point of intersection, 
estimated to the nearest 10 cm. 

 
Decay class: 

• Assign a decay class (1 to 5) based on the majority condition of the entire 
piece. The five classes used to describe the condition of CWD are based 
primarily upon wood texture, and secondarily on other characteristics.  See 
Appendix III for descriptions of decay classes from the Field Manual for 
Describing Terrestrial Ecosystems. 

 
A CWD Field Card to record both pre- and post-harvest data will be designed as part of 
the development of an integrated CWD data storage and retrieval system in the next 
phase of the project. 

Calculations 
CWD volumes (m3/ha) and Number of pieces per hectare can be calculated for each 
stratum using the equations presented in Appendix IV (from Marshall et al. 2000).  Note 
that the length of sample line for the CWD in the smallest diameter class (7.5 - 20 cm) in 
moist/wet forest types will only be 45 m, rather than the full 90 m.  Therefore, separate 
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calculations for this diameter class and the other classes will be required, and the 
calculated values summed to produce an overall value for the stratum. 
 
Mean CWD volumes and No. pieces/ha for a cut-block can be derived from the stratum 
values, weighted according to the area of the cut-block each stratum represented. 

Cost per transect 
Depending on the terrain and on the number of CWD pieces encountered, one surveyor 
using the above measurement protocols can expect to complete one 90 m CWD transect, 
consisting of three 30m transect-legs, in approximately 20-60 minutes (Table 2).  
Sampling difficulty decreases in flat, open terrain, with few CWD pieces and increases in 
steep or rough terrain, or where dense understorey vegetation limits visibility or where 
high CWD accumulations occur. 
 
Based on an average cost for SP fieldwork of $50/hour (G. Van Dolah, MK Field Team, 
pers. comm.), the cost per CWD transect should range between $17-50 (Table 2).  So, if 
for example two SP plots were sampled in a 50 ha cut-block with moderate within-stand 
structural complexity and easy terrain in the ICHmm, the integration of a CWD survey 
would result in an additional survey cost of $1.50/ha.  There should be no additional costs 
associated with travel time for such a relatively simple cut-block. 
 
Table 2. Estimated per transect maximum time/cost to complete pre-harvest CWD transects in BCTS 
Prince George Business Area.  BEC subzone groupings are based on CWD volumes in the Provincial CWD 
Database, supplemented with subzone groups for Residue & Waste benchmarks. 

Within-stand structural complexity/Difficulty of terrain 

High Moderate Low BEC subzone 
Time 
(min.) 

Cost Time 
(min.) 

Cost Time 
(min.) 

Cost 

ICH mm, wk, vk 
 
 

60 $50 45 $38 30 $25 

ESSF mc, mm, mv, wc, wk 
SBS wk, vk 
 

50 $42 40 $33 30 $25 

SBS dh, dw, dk, mh, mk, mc 
SBPS dc 
BWBS dk 

40 $33 30 $25 20 $17 

 
However, in cut-blocks where a combination of high CWD accumulations, difficult 
terrain and a large number of SP Plots/CWD transects is required, costs will escalate due 
to the need for the surveyor to return for a second day of sampling.  In a worst case 
scenario, where five CWD transects are required in a 50 ha cut-block dominated by a 
BEC subzone such as ICHwk, with a high-level of within-stand structural complexity, 
difficult terrain, and one hour travel time to the site, the integration of a CWD survey 
would result in an additional survey cost of $7/ha. 
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Post-harvest CWD survey methodology 

Integration with existing TGA surveys 
Residue and Waste (R&W) Surveys are the most obvious choice for integration of a post-
harvest CWD survey because field crews are already collecting data on the sub-set of the 
CWD population that meets the criteria of waste or merchantable timber (MoF 2005).  
However, given the focus of R&W surveys on merchantable timber and the use of two 
different R&W survey practices by the PG and MK Field Teams of the TGA, the extent 
to which post-harvest CWD surveys can be integrated with R&W surveys is also limited. 
 
For the last two years, the PG Field Team has implemented full Fixed Area Plots (FAPs) 
of 11.28 m radius, with sampling intensity (ie, the number of plots) for each cut-block 
determined by the Provincial Logging Residue and Waste Measurement Procedures 
Manual (MoF 2005) (M. Grewal, PG Field Team, pers. comm.)  The use of FAPs for 
R&W surveys by the PG Field Team significantly limits the extent to which post-harvest 
CWD surveys can be integrated with R&W surveys in this region.  As such, it is 
recommended that CWD data is collected along LIS transects run as R&W surveyors 
move between R&W plots. 
 
In MFD, the recommended number of plots for a cut-block from the Provincial Logging 
Residue and Waste Measurement Procedures Manual (MoF 2005) is converted to an 
equivalent area of a 5 m wide transect, distributed evenly throughout the block (R. Grice, 
MK Field Team, pers. comm.).  In the last year, an average of 2.8 km of transect line per 
cut-block was surveyed (R. Grice, MK Field Team, pers. comm.).  The preferential use of 
belt transects in this part of the TGA will enable a more thorough integration of the post-
harvest CWD survey, with portions of the R&W transect also dedicated to collecting 
CWD data. 
 
Integration when mechanical site preparation is to be conducted 
Mechanical site preparation activities pose a significant risk of damage to retained CWD.  
Therefore, where site preparation is planned for a cut-block or portion of a cut-block it is 
recommended that the post-harvest CWD survey be integrated with a Stocking (ie, 
Regeneration) Survey, rather than an R&W survey.  Due to the use of 4 m radius FAPs in 
Stocking Surveys (FPB 2002), CWD transects will need to be implemented as surveyors 
move between regeneration plots. 

Locating CWD transects 
Whilst benchmarks for waste in an individual cut-block are based on BEC, R&W surveys 
are not stratified by ecological features, but are generally evenly distributed throughout a 
cut-block (MoF 2005).  To be comparable, the post-harvest CWD transects must be 
located based on the same stratification used for the pre-harvest CWD survey, that is SP 
Plot strata.  Therefore R&W surveyors will need to take into account the SP stratification 
when locating their CWD transects as a part of the R&W survey. 
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Stocking Surveys incorporate the SP stratification of a cut-block in their sample design 
(FPB 2002), so it will be a simple matter to ensure that post-harvest CWD transects are 
appropriately located. 
 
Where an in-block reserve, such as a WTP or RRZ, contains a unique stratum that was 
surveyed pre-harvest, no post-harvest CWD survey will be required for that stratum.  
Because these reserves will remain unharvested, their CWD populations can be 
considered static, and the pre-harvest estimate of the CWD population of that stratum can 
be used in calculating the post-harvest population estimate for the cut-block. 

Sampling intensity for CWD 
The number of post-harvest CWD transects to be surveyed in individual cut-blocks will 
be consistent with that surveyed pre-harvest determined by the number of SP plots 
sampled, except where additional CWD transects were required pre-harvest due to 
circumstances outlined above.  Therefore, R&W surveyors or Stocking surveyors will 
need to refer to the SP Plot sampling intensity used pre-harvest in order to determine the 
required sampling intensity for the post-harvest CWD survey. 
 
CWD transect line length 
The Best Management Practices (BMPs) for CWD retention developed for the forests of 
Interior BC (Lloyd 2004) generally result in a greater aggregation of CWD than is found 
naturally, with intact CWD often aggregated in clumps or strips to reduce the risk of 
damage by logging machinery.  In moist/wet forest types (e.g. ESSF or rich SBSmc2) the 
estimated distance between CWD clumps/strips resulting from BMPs was 30-50 m apart, 
and 50-100 m apart in drier sites (e.g. SBSdk) (R. Lloyd, pers. obs.).  In the absence of an 
efficient method to stratify a cut-block post-harvest to ensure a representative sample of 
CWD clumps/strips and intervening areas, it is recommended that CWD transect lengths 
be increased to 150 m long for post-harvest sampling.  The increased line length will 
increase the probability that a CWD clump/strip resulting from the implementation of 
BMPs will be included in the sample. 

Layout of CWD transects 
To further increase the probability of incorporating CWD clumps/strips produced by the 
BMPs, post-harvest CWD transects should be oriented in a zig-zag shape, consisting of 
contiguous 50 m transect legs.  Take the slope of each line and determine the slope 
distance required to produce a horizontal line of 50 m length.  The azimuth of the first 
transect leg is to be randomly generated, with subsequent legs angled at 45° to the 
previous leg.  Use of transects of this shape will capture more of the spatial variation of 
the CWD population, compensate for any bias in orientation of CWD, and enable 
efficient integration of the CWD survey with R&W or Stocking Surveys. 
 
Where possible, no portion of the CWD transect should be located within 30 m of a road, 
log-landing, roadside log-deck, harvest or stratum boundary.  Accumulation piles (as 
opposed to CWD clumps/strips resulting from BMPs) should not be sampled for CWD.  
A primary aim of the BMPs is to ensure that intact CWD is, wherever possible, left in 
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situ or otherwise dispersed across the harvest area, and hence should not end up in 
roadside piles. 
 
To increase efficiency it is recommended that field crews use hip-chain to measure the 
transect length as they walk along a bearing recording CWD data, rather than formally 
establishing a transect using a field tape measure prior to beginning CWD sampling. 

Sampling rules for CWD 
All CWD with a diameter > 7.5 cm at the point of intersection is to be recorded.  The 
sampling rules for the post-harvest CWD survey are as per Appendix I (reproduced from 
the Field Manual for Describing Terrestrial Ecosystems (MELP & MoF 1998)); with all 
diameter classes to be recorded over the entire 150 m transect length. 

CWD attributes to be measured 
The attributes of CWD to be measured in the post-harvest survey are the same as for the 
pre-harvest survey, with the addition of a “Damage class” attribute. 
 

Damage class: 
• Assign a damage class (1 to 4) based on the majority condition of the entire 

piece. 
• Damage classes are based on the proportion of log length displaying signs of 

damage from logging machinery, as follows: 
- 1 = 1-10% of log length damaged; 
- 2 = 10-33%; 
- 3 = 33-67%; 
- 4 = > 67% damaged. 

 

Calculations 
As per Appendix IV. 

Cost per transect 
Depending on the terrain and on the number of CWD pieces encountered, one surveyor 
using the above measurement protocols can expect to complete one 150 m CWD transect, 
consisting of three 50m transect-legs, in approximately 30-60 minutes (Table 3).  Whilst 
there will likely be an increase in the number of pieces encountered relative to the pre-
harvest survey (particularly small-diameter pieces), this will be counter-balanced by 
improved visibility.  Sampling difficulty decreases in flat, open terrain, with relatively 
few CWD pieces and increases in steep or rough terrain, or where dense understorey 
vegetation limits visibility, or where high CWD accumulations occur. 
 
Based on an average cost for R&W fieldwork of $50/hour (R. Grice, MK Field Team, 
pers. comm.), in most cases the cost per CWD transect should range between $25-50 
(Table 3).  So, if for example two SP plots were sampled in a 50 ha cut-block with 
moderate within-stand structural complexity and easy terrain in the ICHmm, the 
integration of a CWD survey into the R&W survey would result in an additional survey 
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cost of $1.67/ha.  There should be no additional costs associated with travel time for such 
a relatively simple cut-block. 
 
Table 3. Estimated per transect maximum time/cost to complete post-harvest CWD transects in BCTS 
Prince George Business Area.  BEC subzone groupings are based on CWD volumes in the Provincial CWD 
Database, supplemented with subzone groups for Residue & Waste benchmarks. 

Within-stand structural complexity/Difficulty of terrain 

High Moderate Low BEC subzone 
Time 
(min.) 

Cost Time 
(min.) 

Cost Time 
(min.) 

Cost 

ICH mm, wk, vk 
 
 

60 $50 50 $42 40 $33 

ESSF mc, mm, mv, wc, wk 
SBS wk, vk 
 

50 $42 40 $33 40 $33 

SBS dh, dw, dk, mh, mk, mc 
SBPS dc 
BWBS dk 

40 $33 30 $25 30 $25 

 
However, in cut-blocks where a combination of high CWD accumulations, difficult 
terrain and a large number of SP Plots/CWD transects is required, costs will escalate 
because the combined R&W/CWD or Stocking Survey/CWD fieldwork will be 
impossible to complete in one day.  In a worst case scenario, where five CWD transects 
are required in a 50 ha cut-block dominated by a BEC subzone such as ICHwk, with a 
high-level of within-stand structural complexity, difficult terrain, and one hour travel 
time to the site, the integration of a CWD survey would result in an additional survey cost 
of $7/ha. 
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Attributes of effective CWD 
 
In addition to measuring compliance with the FPPR CWD retention target, the CWD data 
collected using the recommended protocols can be used to derive a variety of variables 
that could indicate retention of “effective” CWD. 
 
Monitoring compliance with the FPPR CWD retention target will simply involve 
selecting from the post-harvest dataset for a cut-block the subset of CWD pieces in each 
sample/transect in all length classes > 2 m, and calculating the estimated number of 
suitable pieces per hectare using the formula in Appendix IV. 
 
The data collected in pre- and post-harvest CWD surveys can be used to calculate or 
derive a number of variables that are generally used to characterise CWD populations, 
including: 

• Volume (m3ha); 
• No. pieces/ha; 
• Diameter-class distributions (by Volume or No. pieces); 
• Length-class distributions (by Volume or No. pieces); 
• Decay-class distributions (by Volume or No. pieces). 

 
In addition, attributes such as “length-class” and “height above ground” could be used to 
approximate some Keisker (2000) Coarse Woody Debris Types (CWTs) such as 
“elevated runways”.  Decay-class distributions may be a better indicator of the 
occurrence and/or potential availability of invertebrate habitat than Keisker’s CWT 6, 
which relies on the fairly specialised identification of signs of invertebrate activity. 
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Appendix I - CWD sampling rules 
 
These CWD sampling rules are from Section 7, Pages 5-7 in Field Manual for 
Describing Terrestrial Ecosystems (MELP & MoF 1998). 
 
If the transect crosses Coarse Woody Debris, measure the amount above the soil at the 
crossing point.  Some of the CWD may be suspended above the transect line. 
 

• Coarse woody debris must be greater than 7.5 cm in diameter (or equivalent) 
at the line intersect point (Fig. 1). 

 

 
Figure 1. Illustration of the portions of a piece that meet the minimum diameter of 7.5 cm for 
CWD. 
 

• The transect must cross the central axis of the piece (Fig. 2). 

 
 

Figure 2. Measuring the diameter of CWD at the point of intersection with the line transect. 
 

 
• If the transect coincides closely with the centreline, make the best decision as 

to whether the line crosses the centreline, and where (Fig. 3). 
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Figure 3. Determining whether the transect line crosses the centreline of the piece. 
 

 
• If the transect intersects a curved or angular piece more than once, measure 

each intersection as a separate observation (Fig. 4). 
 

 
Figure 4. Measuring CWD crossed more than once by a transect. 
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Appendix II - Tree species codes 
 
These Tree species codes are from Appendix 7.1 in Field Manual for Describing 
Terrestrial Ecosystems (MELP & MoF 1998). 
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Appendix III - Decay class descriptions 
 
These Decay class descriptions are from Section 7, Page 9, Table 7.1 in Field Manual for 
Describing Terrestrial Ecosystems (MELP & MoF 1998). 
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Appendix IV - Formulas for calculations 
 
These formulas are from Marshall et al. (2000).  The calculations will be automated as 
part of a CWD data storage and retrieval system to be developed in the next phase of this 
project. 
 
 
CWD volumes for each line transect can be calculated using the following equation: 
 

 
 

where, yi is CWD volume (m3/ha.) in the area, represented by pieces intersected by the 
ith transect, d is piece diameter at point of intersection (cm), L is the length of sample 
line (m) and λ is the angle of the piece with the horizontal (tilt angle in degrees). 
 
 
Number of pieces of CWD per hectare for each line transect can be derived from the 
following equation: 
 

 
 
where, yi is the number of pieces per ha. in length class i, L is the total transect length 
(m), li is the midpoint of length class i (m) and λ is the angle of the piece with the 
horizontal (tilt angle in degrees). 
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