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Introduction 
 
Coarse Woody Debris (CWD) is defined as “dead woody material, in various stages of 
decomposition, located above the soil, larger than 7.5cm diameter and not self-
supporting” (MoF and MELP, 1998).  It plays several major roles in forest ecosystems, 
including maintaining forest productivity, providing habitat for vertebrates and 
invertebrates, contributing to soil and slope stability, and providing long-term carbon 
storage (Stevens, 1997). 
 
In an unmanaged forest, most trees fall and decay in situ, thus contributing to CWD on 
the ground.  In a managed forest, many or most trees are removed during commercial 
harvesting operations.  There will therefore be a decline in the amount of dead wood 
allowed to remain and decay within managed stands, with a corresponding decline in its 
ability to fulfil its ecological roles.  Recent studies have shown that forest harvesting 
results in changes to CWD attributes, relative to those found in unharvested stands (e.g. 
Lloyd, 2003; Adams, 2002; Densmore et al., 2004).  In particular, while overall CWD 
volumes are often lower after harvest, there is a marked decrease in volume contributed 
by large (diameter) and long pieces.  This has negative implications for CWD-
dependent wildlife, invertebrate and plant species, many of which prefer or require large 
pieces, and also for CWD longevity in the ecosystem (small pieces decay more quickly 
and will not last the rotation). 
 
In 2002, a pilot study was undertaken jointly by B.C. Ministry of Forests, Houston 
Forest Products Ltd. and the Forest Engineering Research Institute of Canada (FERIC) 
to assess the costs and benefits of using clump retention to improve CWD management 
at the stand level.  Its primary recommendation was that to maximize operational 
practicality and minimize machine damage to retained logs, CWD should be managed 
within clumps that include large and/or long logs, together with immature and 
deciduous trees, stubs and other habitat elements (Lloyd, 2004).  In 2003, it was decided 
to assess the feasibility and cost-effectiveness of these recommendations in a series of 
three operational trials, located in the Morice and Lakes TSAs, in the SBSdk, SBSmc2 
and ESSFmc biogeoclimatic subzones.  This report describes the results of these 
operational trials. 
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author would also like to acknowledge the harvesting crews from Plowman Contracting, 
Wilson Contracting and Tahtsa Timber, whose interest and involvement contributed 
greatly to the success of this project. 
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Goals, Objectives and Rationale 
This project is guided by the principle in the Forest Practices Code Biodiversity 
Guidebook which states that “the more that managed forests resemble the forests that 
were established from natural disturbances, the greater the probability that all native 
species and ecological processes will be maintained” (Province of B.C., 1995).  Thus 
the primary goal of the project is to leave CWD on site after harvest that resembles 
CWD found in forests established from natural disturbance.  To this end, extensive 
baseline studies have been undertaken within the Nadina District that compare CWD in 
postharvest and undisturbed sites (Lloyd, 2003), and a “planning/monitoring matrix” 
(Lloyd, in prep.) has been devised to determine ecologically appropriate levels for 
CWD attributes in various site types in the District.  The three operational trials are 
therefore also intended to compare postharvest CWD attributes to the levels considered 
appropriate based on levels in unmanaged forests in the same site type, as described in 
the planning/monitoring matrix. 
 
The specific objectives for these three trials are:  

• to assess the operational feasibility and cost-effectiveness of harvesting practices 
that retain clumps of CWD, stubs and immature trees in the SBSdk, SBSmc2 
and ESSFmc biogeoclimatic (BGC) subzones, particularly with regard to 
maintaining 

o overall CWD volume 
o volumes of large-diameter CWD 
o volumes of long CWD 
o elevated CWD 
o sources of CWD recruitment (residual and immature trees, and stubs) 

• to determine whether increased levels of desired CWD attributes are attained 
when harvesting crews are given specific instruction in terms of preset target 
levels, compared to general instruction on clumped retention of CWD, stubs and 
immature trees. 

• to provide guidance to the harvesting crews involved 
 
 
Site Selection And Study Areas 
Three study areas were set up, one in each of the three subzones where significant 
harvesting occurs.  Study areas were required to be: 

• at least 30ha in size 
• logged during summer/fall 2003 
• clearcut and ground-skidded using a feller-buncher and grapple skidder 
• of relatively uniform timber type and site series 
• capable of being subdivided into three 10ha units. 

 
The SBSdk study area, located in Fraser Lake Sawmills’ CP139 block1, consisted of the 
northeast portion of a 118 ha clearcut located near Hallett Lake, 25km south of Fraser 
Lake.  The study area was divided into three approximately 10ha units by spur road 
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layout.  Timber type was predominantly lodgepole pine, with 20% spruce component.  
The site series was mainly SBSdk/01 (Sxw-Spiraea-Purple peavine) complexed with 05 
(Sxw-Spiraea-Feathermoss) and 06 (Sxw-Twinberry Coltsfoot).  These three site series 
fall within the SBSdk “Moderate” site series group for CWD as defined by Lloyd (in 
prep).  The site was logged in October 2003 using two teams of feller-buncher and 
grapple skidder.  The three study units were split such that each team harvested half of 
each study unit. 
 
The SBSmc2 site, located in Houston Forest Products’ CP244 block WSL14, consisted 
of three approximately 10ha units within a 196ha clearcut near Whitesail Lake, about 
100km south of Houston.  Parts of this cutblock had been harvested as part of the 
mountain pine beetle management program; the three study units were disjunct areas 
bounded by roads and existing patch cut boundaries.  Timber type was predominantly 
lodgepole pine-subalpine fir.  The site series was mainly 01 (Sxw-Huckleberry) 
complexed with 05 (Sxw-Twinberry-Coltsfoot).  The primary CWD site group is 
SBSmc2 “Moderate” as defined by Lloyd (in prep).  The site was logged in 
November/December 2003 using one feller-buncher and grapple skidder. 
 
The ESSFmc site, located in Canfor’s CP595 block OT6, consisted of the southeast 
portion of a 35 ha clearcut located near Morice Lake, about 70km southwest of 
Houston.  The northwest side of the block could not be harvested as part of this trial due 
to soil conditions, so the three study units were each approximately 8-9ha.  Boundaries 
were mainly defined by spur road layout and block boundaries; a ribbon line was also 
laid out to define the boundary between units 1 and 2.  Timber type was predominantly 
subalpine fir.  Site series was primarily 01 (Bl-Huckleberry-Leafy liverwort) complexed 
with 05 (Bl-Huckleberry-Thimbleberry).  The primary CWD site group is ESSFmc 
“Moderate” as defined by Lloyd (in prep).  The site was logged in October 2003 using 
one feller-buncher and grapple skidder.   
 
 
Methods 
Adaptation of harvesting practices 
For each study area, the three study units were designated Control, Treatment 1 and 
Treatment 2. 
 
In the Control unit, no instruction was given to the harvesting crew, and harvesting 
operations were conducted according to normal practice.  It should be noted that, for all 
three participating licencees, standard operating practice includes retaining deciduous 
trees and immature understory trees (singly or in clumps) where feasible. 
 
In the Treatment 1 (“Targets”) unit, the harvesting crews received a 1-2 hour tailgate 
training session prior to commencing operations.  This training session was based on the 
Recommended Best Management Practices (Lloyd, 2004) and the summary document 
used as a handout is reproduced in Appendix I.  Crews were instructed: 

• to leave logs estimated to be classed as grade 5 (dead and dry lumber reject) or 
lower intact on the cutblock 
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• to maintain clumps of immature trees and patches of natural non-merchantable 
deadfall intact where possible 

• to fell or stub dead trees estimated as grade 5 or lower and to place the felled 
portion in or alongside an existing clump where possible 

• where no such clump existed nearby, to place the felled pieces together in a new 
clump, with stubs or immature trees left as clump markers.  Preferred locations 
for new clumps include areas such as ridges and knobs where skidders would 
not normally travel. 

• as far as possible, to place felled snags and stub tops in an approximately natural 
orientation (“jackstrawed”, not bunched together) to simulate natural deadfall, 
incorporating existing downed logs where possible 

• to ensure that all retention clumps were marked, usually by stubs or immature 
trees, for maximum visibility to the skidder operator, so that the clumps could be 
maintained intact during skidding 

 
Crews were instructed to place primary emphasis on maintaining intact logs greater than 
10m long, by attempting to fulfil target objectives for volume and specifically for 
numbers of long logs.  Target objectives were set according to the planning/monitoring 
matrix described on page 2 and are shown for each site in Table 1. 
 
 
Table 1 Target levels for CWD attributes, Treatment 1 unit 
 

 
Study site 

Target volume 
total (all logs) 

(m3/ha) 

Target volume 
for logs >10m 

(m3/ha) 

Target numbers 
for long logs 

(logs/ha) 

SBSdk >50 >25 40 logs/ha 
>15m long 

SBSmc2 >200 >100 70 logs/ha 
>15m long 

ESSFmc >200 >80 50 logs/ha 
>15m long 

 
 
In the Treatment 2 (“BMP’s”) unit, harvesting crews were instructed to follow the 
Best Management Practices as for Treatment 1, but to “do the best you can” within a 
reasonable time, rather than meeting predetermined targets.  Crews were particularly 
instructed not to increase the time spent in this study unit to a degree that would be 
considered unreasonable during normal operations. 
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Study design 
This study assessed attributes of CWD, immature and residual trees and stubs at the 
same locations before and after harvest, in an identical manner on each of the three 
treatment units.  Post-harvest surveys also included an assessment of dispersed Residue 
and Waste1. 
 
CWD was assessed by means of line- intersect plots according to the method outlined in 
the “Field Guide to Describing Terrestrial Ecosystems” (MELP and MoF, 1998), except 
that transect length was increased from 48m with one 90o bend (“L”-shaped) to 90m 
with two 60o bends (equilateral triangle with 30m sides).  Logs less than 20cm diameter 
were measured only on the first 15m of each 30m transect leg (45m in total); logs 
greater than 20cm diameter were measured over the entire 90m transect length.  This 
allows for greater sampling intensity of large-diameter logs, which are typically 
underrepresented in many CWD surveys.  Measured attributes were: 

• volume 
• diameter 
• decay class 
• length class 
• height above ground 

 
Immature trees were tallied in fixed-area plots centred on the CWD plot.  Preharvest 
plots were 390m2; in postharvest plots this was increased to 2827m2 (30m radius) to 
compensate for the smaller number of trees but increased visibility. 
 
Dispersed residue and waste was measured in 400m2 circular plots centred on the CWD 
plots.  Tallied logs included: 

• green sawlogs (Interior grade blank) 
• dead and dry sawlogs (Interior grade 3) 
• green lumber rejects (Interior grade 4) 
• dead and dry lumber rejects (Interior grade 5) if, in the opinion of the surveyors, 

they could reasonably have been skidded to the roadside and transported to the 
mill. 

 
Measurements were taken according to the Provincial Logging Residue and Waste 
Measurement Procedures Manual, except that dead and dry lumber rejects (grade 5 
logs) are not included in regular Residue and Waste assessments.  However, this 
assessment was intended to estimate the amount of potentially useable wood remaining 
on the cutblock, hence grade 5’s were included if the surveyors considered that they 
were potentially useable and not likely to shatter or break up during transportation.  The 
result is necessarily subjective but likely of more relevance to current operational 
practices. 
 
CWD plots, with the associated immature tree and residue and waste plots, were laid 
out on a 100m x 100m grid where possible, adapted to accommodate the shape of the 

                                                 
1 “Waste” means merchantable timber that was not removed from the cutting authority area 
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treatment unit.  10 plots were located in each ~10 ha treatment unit, except for the 
ESSFmc treatment 1 unit, where unit size limited layout to 9 plots.  Plots were not 
located: 

• within 50m of the road edge (this is the “decking zone” where the presence of 
log decks and frequent machine traffic generally precludes retention of structural 
elements) 

• within 10m of the cutblock boundary 
• within 30m of a treatment unit boundary that was not a road or cutblock edge 
• within 75m of each other (where the 100m x 100m grid was adjusted) 

 
Plot centres were marked by painting the base of the nearest tree with fluorescent 
orange log marking paint – the orange stump was usually clearly visible after 
harvesting.  The base of the next nearest tree was painted blue, as a failsafe.   
 
Calculations 
CWD volumes for each line transect were calculated using the equation in Marshall et 
al. (2000): 
 

    mi 

yi      =       π2      x Σ     d2
ij                    

  8 x L    j=1  cos λij 
 
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).                 
 
Number of pieces per hectare for each line transect were derived from the equation in 
Marshall et al. (2000): 

    mi 

 yi  = 10,000 x π    x Σ          1         
       2 x L j=1   (lij x cos λij) 

 
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). 
 
Waste log volumes for each plot were calculated in cubic metres per ha.as: 
 

  Vi  =  Σ   (π  x d2
ti ) + (π  x d2

bi )   x   li    x   _  1  _   x   10000 
       2     10000          400 

where Vi is the volume per ha. in grade i, dti is the top diameter of a log in grade i, or 
small end diameter at the intersection with the plot boundary, in rads (1 rad = 2cm); dbi 
is the butt diameter of the log (or large end diameter at the intersection with the plot 
boundary) in rads; and li is the length of the log (or length of the portion within the plot) 
in metres. 
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Results 

Results of the assessments are shown in the following figures and tables.   
 
CWD volume 
Figures 1a-1c and Table 2  show the mean volumes before and after harvest on the three 
units in each study area. 
 
 
Table 2 CWD volumes before and after harvest 
 

preharvest postharvest 

 mean 
volume 
(m3/ha) 

 
S.D. 

mean 
volume 
(m3/ha) 

 
S.D. 

% 
change 

Control 81 67 58 29 - 28% 

Treatment 
1 (Targets) 142 61 143 54 + 1% SBSdk 

Treatment 
2 (BMP’s) 84 58 88 56 + 5% 

 Control 160 59 176 67 + 10% 

SBSmc2 
Treatment 
1 (Targets) 109 60 158 71 + 45% 

 
Treatment 
2 (BMP’s) 307 92 331 107 + 8% 

Control 125 49 196 86 + 57% 

Treatment 
1 (Targets) 126 54 189 73 + 50% ESSFmc 

Treatment 
2 (BMP’s) 164 79 221 105 + 35% 

 
In the SBSdk site, mean postharvest volumes are somewhat lower than preharvest 
volumes in the control unit and almost identical in both treatment units.  Paired-sample 
t tests showed no significant difference between preharvest and postharvest volumes on 
any unit (P>0.05), although one-way ANOVA showed that treatment 1 (the Targets 
unit) had significantly higher CWD volumes than the other two units both before and 
after harvest (P<0.05).  It is of note that the standard deviation (S.D.) in the Control unit 
is also considerably lower after harvest – meaning that the variation in volume is lower.  
The postharvest range of volumes is less than half the preharvest range; in particular 
there are no longer any plots with high volumes (>100m3/ha). 
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Figure 1   Mean CWD volumes before and after harvest 
 

 
 
 
 
 
 

Figure 1c  Mean CWD volume before 
and after harvest in the ESSFmc 
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Figure 1b  Mean CWD volume before 
and after harvest in the SBSmc2 
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In the SBSmc2 site, mean postharvest volumes were somewhat higher than preharvest 
in all three units.  The difference was significant in treatment 1 (the Targets unit), not in 
the control or treatment 2 (BMP’s) units (paired-sample t tests, P<0.05).  One-way 
ANOVA showed that treatment 2 (the BMP’s unit) had significantly higher CWD 
volumes than the other two units both before and after harvest (P<0.05).   
 
In the ESSFmc site, mean postharvest volumes are considerably higher than mean 
preharvest volumes in all units.  Paired t tests showed that postharvest volumes were 
significantly higher on both treatment units (P<0.05); on the control unit it was “not 
quite significant” (P<0.1).  Control and treatment units were not significantly different 
from each other either before harvest or after harvest (one-way ANOVA, P<0.05).  
Standard deviation also increased after harvest, indicating that the range of volumes 
increased on all three units. 
 
 
CWD diameter 
Mean volume of large and small diameter pieces is shown in Figures 2a-2c.  Mean 
volumes of large-diameter pieces before and after harvest are shown in Table 3.  Note 
that >20cm was considered “large” in the SBSdk, whereas “large” was considered 
>30cm in the SBSmc2 and >40cm in the ESSFmc.  (This is the largest diameter class 
that was represented in all three units at each site.) 
 
Table 3 Mean volume of large-diameter logs before and after harvest 
 

mean volume of  
large logs (m3/ha) 

 

preharvest postharvest 

 
% change 

Control 13 9 - 31% 

Treatment 1 
(Targets) 34 40 + 18% 

SBSdk 
>20cm 
diameter 

Treatment 2 
(BMP’s) 14 19 + 36% 

Control 44 30 - 32% 

Treatment 1 
(Targets) 19 28 + 47% 

SBSmc2 
>30cm 
diameter 

Treatment 2 
(BMP’s) 118 110 - 7% 

Control 25 10 - 60% 

Treatment 1 
(Targets) 31 23 - 26% 

ESSFmc 
>40cm 
diameter 

Treatment 2 
(BMP’s) 24 43 + 79% 
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Figure 2   Mean volume of large and small diameter pieces before and after harvest 
 

 
 
 
 
 
 

Figure 2c  Mean volume of large and 
small diameter pieces in the ESSFmc 
(“large” is >40cm) 
 

Figure 2a  Mean volume of large and 
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(“large” is >20cm) 

Figure 2b  Mean volume of large and 
small diameter pieces in the SBSmc2 
(“large” is >30cm) 
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In the SBSdk and SBSmc2, there was little difference in the relative abundance of small 
and large diameter CWD before and after harvest.  In the Treatment units, mean volume 
of large diameter logs was maintained or somewhat increased, compared to a 31-32% 
decline in the Control units, but the volumes involved are likely too small to have any 
biological significance. 
 
In the ESSFmc, there was an increase in the mean volumes of small (<20cm)  and  
moderate (20-40cm) sized CWD in all three units.  The Control unit showed a 60% 
decline in the mean volume of large (>40cm diameter) logs; this was reduced to a 26% 
decline in Treatment 1 (Targets) and reversed to a 79% increase in Treatment 2 
(BMP’s).  Volumes may be too small to have biological significance. 
 
 
CWD length 
Mean volume of long and short pieces is shown in Figures 3a-3c.  Mean volumes of 
long (>10m) logs before and after harvest are shown in Table 4. 
 
 
Table 4 Mean volume of long (>10m) logs before and after harvest 
 

mean volume of  
long logs (m3/ha) 

 

preharvest postharvest 

 
% change 

Control 39 5 - 87% 

Treatment 1 
(Targets) 86 62 - 28% SBSdk 

Treatment 2 
(BMP’s) 42 27 - 36% 

 Control 102 26 - 75% 

SBSmc2 
Treatment 1 
(Targets) 61 45 - 26% 

 
Treatment 2 
(BMP’s) 188 112 - 40% 

Control 101 22 - 78% 

Treatment 1 
(Targets) 93 110 + 18% ESSFmc 

Treatment 2 
(BMP’s) 110 102 - 7% 
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Figure 3   Mean volume of long and short logs before and after harvest 
 

 
 
 
 
 
 

Figure 3c  Mean volume of long and 
short logs in the ESSFmc 

Figure 3a  Mean volume of long and 
short logs in the SBSdk 

Figure 3b  Mean volume of long and 
short logs in the SBSmc2 
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In both the SBSdk and SBSmc2, volumes of long logs were significantly lower after 
harvest in control and treatment 2 (BMP’s), not in treatment 1 (Targets) (paired t-tests, 
P<0.05).  All six units showed a shift towards shorter logs after harvest.  In the Control 
units, the preharvest volume of long logs was reduced by 75-87%, and little or none of 
the remaining volume exceeded 15m long.  In the Treatment units, this shift was still 
present but much less drastic – preharvest volumes of long logs were reduced by 26-
40%, and the actual volumes remaining were several times higher than in the Control.  
Most of the volume reduction was in the longest log categories (>20m long).   
 
In the ESSFmc, volumes of long logs were significantly lower after harvest in the 
control unit but not in either of the treatment units; and volumes in the treatment units 
were not significantly different from each other (paired t-tests, P<0.05).  The Control 
unit showed a significant shift towards mainly short logs after harvest, with the 
preharvest volume of long logs reduced by 78%.  In both treatment units, there was 
little difference between long log volumes before and after harvest, and the actual 
volumes remaining after harvest were about 5 times higher than in the Control.  There 
was also little difference in the volume distribution between length classes before and 
after harvest in the Treatment units – that is, the longest logs present prior to harvest 
were mostly either retained or replaced by similar logs.  
 
 
CWD elevation 
All units in all subzones showed an increase in the number of elevated logs per ha. (i.e. 
those supported off the ground at the point of intersection with the sample transect), 
however, there is invariably a large increase in the overall number of logs due to the 
number of short, often broken pieces remaining after harvest as logging debris.  While 
these short pieces do serve some ecological functions (e.g. as organic matter input to 
soil), they are unlikely to fulfil the ecological functions of recently-fallen intact logs.  
This section therefore focuses on long logs (>10m long), as these are considered more 
likely to function as a log recently fallen after a natural disturbance. 
 
Figure 4 shows the mean number of long logs (>10m long) per ha. that were lying on or 
supported above ground before and after harvest.  Table 5 shows the mean number of 
long logs supported at least 30cm above the ground before and after harvest. 
 
In the SBSdk and SBSmc2, there were fewer elevated long logs after harvest in all 
units, but the decrease was considerably greater in the Control unit than in either of the 
Treatment units.  In the SBSdk, the Control unit retained only 6% of the elevated long 
pieces present prior to harvest, whereas the treatment units had 85% and 63% of the 
preharvest number.  In the SBSmc2, the Control unit retained 36% of the preharvest 
number, compared to 81% and 90% in the treatment units.  This suggests that, in 
general, both treatments either retained or replaced more of the elevated long logs 
present prior to harvest than did the control unit, but that harvesting still caused an 
overall reduction in the numbers of elevated long logs.  None of the differences 
described was significant (paired t tests, P<0.05). 
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Figure 4   Mean number of elevated long logs before and after harvest 
 

 
 
 

Figure 4c  Mean number of elevated 
long logs in the ESSFmc 

Figure 4a  Mean number of elevated 
long logs in the SBSdk 

Figure 4b  Mean number of elevated 
long logs in the SBSmc2 
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Table 5 Mean number of long (>10m) logs supported at least 30cm above ground  
 

mean number of  
elevated long logs (logs/ha) 

 

preharvest postharvest 

 
% change 

Control 62 4 - 94% 

Treatment 1 
(Targets) 159 135 - 15% SBSdk 

Treatment 2 
(BMP’s) 70 44 - 37% 

 Control 36 13 - 64% 

SBSmc2 
Treatment 1 
(Targets) 26 21 - 19% 

 
Treatment 2 
(BMP’s) 62 56 - 10% 

Control 13 21 + 62% 

Treatment 1 
(Targets) 21 65 + 210% ESSFmc 

Treatment 2 
(BMP’s) 35 53 + 51% 

 
 
In the ESSFmc, there were more elevated long logs after harvest in all units.  In the 
Control and BMP’s unit, the number of elevated pieces present after harvest increased 
by 62% and 51% respectively over preharvest levels; in the Targets unit there was an 
increase of 210%.  Differences were significant in the Targets unit but not in Control or 
BMP’s (paired t tests, P<0.05).  It should be noted that there was a relatively large 
amount of CWD directly on the ground before harvest in all units but few elevated 
pieces – this is typical of an older stand where there is a relatively high proportion of 
old, well-decayed pieces.  After harvest, the number of long logs that were supported 
off the ground increased in the control and both treatment units.  This is similar to the 
situation after a natural disturbance, where trees fall and are often supported either on 
their own branches or across other logs, although it is unlike the usual post-harvest 
situation (Lloyd, 2003). 
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CWD recruitment – immature and residual trees and stubs 
The density of residual immature trees and stubs found after harvest is shown in Figures 
5, 6 and 7.  Preharvest numbers of understory trees were highly variable between plots, 
but were not significantly different in control and treatment units (Kruskal-Wallis test, 
P<0.05; this test was used where unequal standard deviations in the samples invalidate a 
basic assumption of ANOVA).  Since stubs are created during harvesting, they are not 
present prior to harvest. 
 
 

 
 
 
In the SBSdk (Figure 5), large immature trees (>7.5cm dbh) were significantly more 
abundant on treatment units than on control (Kruskal-Wallis test with Dunn’s Multiple 
Comparison post-test, P<0.05).  Of the two treatment units, mean densities were 
somewhat higher on the BMP’s unit than on the Targets unit, however, preharvest 
densities were also somewhat higher.  These differences were not significant (Kruskal-
Wallis test, P<0.05).  Small immature trees (<7.5cm dbh) were somewhat more 
abundant on the control unit than on either of the treatments; this difference was not 
significant (Kruskal-Wallis test, P<0.05).   
 
Deciduous trees were somewhat more abundant on the BMPs unit than on either the 
Targets unit or the control unit; the difference was not significant and deciduous trees 
were not encountered on the control unit prior to harvest.  Stubs were significantly more 
abundant on the BMP’s unit than on Targets or control unit. 

Figure 5  Density of residual immature and 
deciduous trees and stubs in the SBSdk 
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In the SBSmc2 (Figure 6), large immature trees (>7.5cm dbh) were more abundant on 
treatment units than on control – the difference was significant for the BMPs unit, not 
for the Targets (one-way ANOVA with Tukey post-test, P<0.05).  Small immature trees 
(<7.5cm dbh) were somewhat more abundant on the treatment units than on the control; 
this difference was not significant (one-way ANOVA, P<0.05).   
 
Deciduous trees were not encountered in the SBSmc2 study area.  Stubs were somewhat 
more abundant on treatments than on control units; this difference was not significant 
(one-way ANOVA, P<0.05). 
 
In the ESSFmc (Figure 7), large and small immature trees were significantly more 
abundant in treatment units than in control (one-way ANOVA, P<0.05).  Densities in 
the Target treatment were somewhat higher than in the BMP treatment; this difference 
was not significant.  Deciduous trees were not encountered on this site (they occur 
rarely in the ESSFmc), and there was no significant difference between densities of 
stubs. 
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Figure 6  Density of residual immature 
trees and stubs in the SBSmc2 
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Residue and Waste Assessment 
The volumes of dispersed “waste” wood measured during postharvest surveys are 
shown in Table 6.  Note that grade 5 logs are not considered “waste” but were included 
if they were considered potentially useable by the licencee. 
 
In general, the abundance of green sawlogs dispersed on the site after harvest appeared 
to be unaffected by the project.  Most pieces encountered in all units were relatively 
short, broken pieces that for practical reasons had not been retrieved.  The 
comparatively high volume of green sawlogs in the SBSmc2 Targets unit was primarily 
the result of one “drag” that appeared to have been inadvertently missed.  Green lumber 
rejects (grade 4) were also apparently unaffected by the project – these pieces were 
rarely encountered on any unit. 
 
In general, both dead and dry sawlogs (grade 3) and potentially useable dead and dry 
lumber rejects (grade 5) were more abundant on treatment units than on controls.  In 
both cases, piece sizes were generally larger than for green logs, and were considered 
likely to be pieces that had been retained deliberately as CWD.  None of the differences 
described was statistically significant (one-way ANOVA, P<0.05). 

 
 

Figure 7  Density of residual immature 
trees and stubs in the ESSFmc 
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Table 6  Volumes of potentially economic wood remaining after harvest 
 

mean volume of  
remaining wood (m3/ha) 

 

grade — 
(green 
sawlog) 

grade 3 
(dead and 

dry sawlog) 

grade 4 
(green 
lumber 
reject) 

grade 5 
(dead and 

dry lumber 
reject) 

Control 1.9 0.6 0.0 3.9 

Treatment 1 
(Targets) 0.6 5.3 0.4 9.4 SBSdk 

Treatment 2 
(BMP’s) 0.4 3.5 0.0 7.9 

Control 0.7 3.4 0.0 13.9 

Treatment 1 
(Targets) 4.2 9.4 0.1 22.5 SBSmc2 

Treatment 2 
(BMP’s) 2.1 8.6 0.6 34.6 

Control 2.2 3.3 1.7 7.7 

Treatment 1 
(Targets) 3.2 13.9 0.0 13.4 ESSFmc 

Treatment 2 
(BMP’s) 3.2 4.8 0.0 37.3 

 
 

Note that the waste benchmark applicable at the time of harvest was 15m3/ha, applied to 
green sawlogs only. 
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Summary and Discussion 
Table 7 provides a brief summary of changes to CWD attributes after harvest in control 
and treatment units of the SBSdk and ESSFmc study areas.  Attributes shown in this 
table are those listed in the “Objectives” on page 2.  Table 6 shows a summary of how 
CWD attributes on each of the study units compared with the target values set in Table 
1. 
 
Table 7 Summary of changes to CWD attributes after harvest 
 

CWD 
attribute SBSdk SBSmc2 ESSFmc 

Volume   
(total) 
 

Control:  reduced (n.s.)2  
Targets:  no change  
BMP’s:  no change 

Control:  slight increase 
(n.s.)  
Targets:  increased  
BMP’s:  slight increase 
(n.s.)  

Control:  increased  
Targets:  increased  
BMP’s:  increased 

Diameter 
(volume of large-
diameter logs) 

Control: slight decrease 
(n.s.) 
Targets:  slight increase 
(n.s.) 
BMP’s:  slight increase 
(n.s.) 

Control:  slight decrease 
(n.s.) 
Targets:  slight increase 
(n.s.) 
BMP’s:  no change 

Control:  slight decrease 
(n.s.) 
Targets:  slight decrease 
(n.s.) 
BMP’s:  slight increase 
(n.s.) 

Length 
(volume of logs 
>10m long) 

Control:  large 
reduction  
Targets: slight 
reduction (n.s.) 
BMP’s: small reduction  

Control:  large reduction  
Targets: slight reduc tion 
(n.s.) 
BMP’s: moderate 
reduction 

Control:  large reduction  
Targets:  no change 
BMP’s:  no change 

Elevation 
(number of long 
logs >30cm 
above ground) 

Control:  large decrease 
(n.s.) 
Targets: slight decrease 
(n.s.) 
BMP’s:  moderate 
decrease (n.s.) 

Control:  large decrease 
(n.s.) 
Targets:  slight decrease 
(n.s.) 
BMP’s:  slight decrease 
(n.s.) 

Control:  moderate 
increase (n.s.) 
Targets:  large increase  
BMP’s:  moderate 
increase (n.s.) 

Immature/ 
residual trees 

more large (>7.5cm 
dbh) immature trees in 
both treatments than in 
control unit 

more large (>7.5cm dbh) 
immature trees in BMP’s 
unit than in control; 
somewhat more in 
Targets (n.s.) 

more large (>7.5cm dbh) 
and small (<7.5cm dbh) 
immature trees in both 
treatments than in 
control unit 

Stubs more in treatment units 
than in control unit 

somewhat more in 
treatment units than in 
control unit (n.s.) 

same in control and 
treatment units 

 
 
 
                                                 
2 n.s. – not statistically significant (P<0.05) 
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The summary table indicates that the primary change in postharvest CWD attributes 
attributable to the adapted harvesting practices is a large increase in the volume and 
number of long logs retained on the cutblock compared to the volume and number 
remaining on the control units.  Reduction in piece size following harvest is widely 
reported as the major change to CWD after harvest (Lajzerowicz, 2000; Adams, 2002; 
Lloyd, 2003; Densmore et al., 2004), but all treatment units had long log volumes 
similar to or only slightly less than preharvest volumes.  This project appears to have 
been successful in improving long log retention relative to control areas, and also in 
maintaining overall CWD volumes relative to preharvest volumes, especially in the 
SBSdk site where CWD volumes were lowest.   
 
The other major change reported in the literature is a reduction in large-diameter logs 
and in overall volume compared to preharvest levels – this appears not to be an issue in 
this study.  Overall volume may become a long-term issue (e.g. Densmore et al., 2004) 
but this is outside the scope of this report. 
 
In the SBSdk and SBSmc2, both treatment units retained a higher percentage of 
preharvest CWD volume than did the control unit, a considerably higher percentage of 
the preharvest long log volume, and retained a greater number of long logs that were 
supported off the ground.  This has implications for wildlife use (e.g. small mammals 
are frequently associated with CWD volume (Hayes and Cross, 1987); elevated pieces 
provide cover and snow-free spaces) (Keisker, 1999) and also for rate of decay – decay 
would be slower in pieces that are not in contact with damp ground.  In the ESSFmc, 
total CWD volume increased after harvest on all three units – this is not unusual in the 
ESSFmc (Lloyd, 2003) and is likely due to the relatively high proportion of 
unmerchantable wood in an old subalpine fir stand.   
 
Large (>7.5cm dbh) immature trees were more abundant on treatment units than on 
control at all three sites.  These trees have value in the short term in that they provide 
structure in an otherwise denuded cutblock.  Depending on their size and density, they 
can provide cover for wildlife species from small mammals to large ungulates, and may 
be particularly useful to songbirds, which select habitats mainly on the basis of 
vegetation structure (e.g. Morrison and Meslow, 1984).  In the long term, trees that 
were immature but relatively large and healthy at stand initiation could be older and 
larger than planted stock at rotation age, thus potentially fulfilling the role of large live 
trees in the later stand.   
 
It should be noted that all units had a much higher density of residual immature trees 
than is usual in recent postharvest sites (Lloyd, 2003) despite a windstorm in the SBSdk 
site that uprooted a large number of them prior to the postharvest assessment.  The sites 
may have had an unusually high number of understory trees prior to harvest, or the 
harvesting crews may be becoming more conscientious in maintaining immature trees 
during normal harvesting. 
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“Strip retention” and “clump retention” 
 
In the SBSmc2, the feller-buncher operator used a somewhat different approach to that 
used by machine operators in the other two sites.  In the SBSdk and ESSFmc, operators 
maintained or created groups of logs, stubs and immature trees opportunistically 
wherever suitable conditions occurred (such as existing patches of deadfall or groups of 
immature trees).  In the SBSmc2 site, where logs, snags and understory trees were 
uniformly dense, the operator suggested using a variation on “strip logging” whereby 
the machine makes multiple parallel entries into a stand.  Downed logs, stubs and 
immature trees were concentrated in the relatively undisturbed strips between the 
parallel machine travel paths.  In this way, the machine operator was able to work 
systematically and with no perceived loss in efficiency either to himself or to the 
skidder operator (who followed the same paths), but was not able to take advantage of 
natural clumps of logs or trees unless they occurred within the retention strips.  
 
Although this study was not designed to compare the two approaches, it appears that the 
primary difference between them is in distribution rather than volume – in the SBSmc2 
site, downed logs and residual trees remained in more or less clearly defined strips 
rather than in discrete clumps.  This was most noticeable in the BMPs unit, where CWD 
volumes were high (>300m3/ha) before and after harvest – in the Targets unit, the strips 
tended to break up into clumps, probably due to the lower volume of CWD present.  
The improved connectivity along strips may benefit species with limited mobility (e.g. 
some small mammals and lichens, for which travel or dispersal between clumps may be 
problematic); for large species (e.g. ungulates) it may inhibit mobility across strips. 
 
Overall, strip retention is probably best suited to areas where deadwood and immature 
trees are abundant and evenly distributed across the cutover area.  In areas where 
deadwood and immature trees are relatively sparse, more effort should be directed to 
those that do occur, and clump retention would then be the preferred approach. 
 
 
Targets and Best Management Practices 
Overall, there was little difference between the two treatment units on any of the three 
sites, and in terms of CWD management they were generally more similar to each other 
than to the control unit.  Other factors included: 

• Differences in pre-harvest deadwood volumes.  In the SBSdk site, the Targets 
unit had significantly more CWD than either the control or BMPs unit before 
and after harvest.  This resulted in larger and more frequent retention clumps in 
the Targets unit.  Clumps in the BMPs unit were sparse and generally included 
few logs, but this is more likely a result of preharvest conditions than of a 
change in effort on the part of the harvesting crew.  In the SBSmc2 site, the 
BMPs unit had significantly more CWD than either the control or Targets unit 
before and after harvest.  Retention strips were larger and more clearly defined 
in the BMPs unit, which was certainly a result of the higher CWD volumes 
involved.  However, this unit also had high live tree densities, and the feller-
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buncher operator reported some difficulty in finding space for retained dead logs 
and trees as well as space to put the “drags” of timber for skidding to the 
roadside.  A relatively high proportion of long logs was lost on this unit after 
harvest, but this may simply have been because there were so many present 
originally that the machine operators could not relocate or manoeuvre around 
them without breakage. 

• Differences in terrain.  In the SBSdk site, crews reported that the Targets unit 
was more difficult to log than the BMPs unit.  Steep slopes constrain machine 
movement and can make it difficult to work around a potential clump.  

• The “learning curve”.  On all three sites, crews were instructed to log the 
control unit first, then, after the training session, the Targets unit and lastly the 
BMPs unit.  This means that the Targets unit was always harvested while the 
crews were learning new ideas and new processes.  By the time the BMPs unit 
was harvested, several days later, the crews were becoming accustomed to the 
new considerations and could be expected to work more efficiently.  This was 
especially noticeable in the SBSmc2 site, where the feller-buncher operator 
reported that his system for handling merchantable and unmerchantable logs was 
much better developed by the time he harvested the BMPs unit. 

 

Table 8 shows the abundance of key indicator attributes specified in the 
planning/monitoring matrix described on page 2, along with the target value considered 
appropriate for each site based on the values found in mature unmanaged forests of 
similar types.   

 

Table 8 Target and actual levels of postharvest CWD attributes 
 

SBSdk SBSmc2 ESSFmc CWD 
attribute target actual 

(mean) 
target actual 

(mean) 
target actual 

(mean) 
Volume  
(total) 
m3/ha 

>50 
Control:  58 
Targets:  143 
BMPs:  88 

>200 
Control:  176 
Targets:  158 
BMPs:  331 

>200 
Control:  196 
Targets:  189 
BMPs:  221 

Volume  
(>10m long) 
m3/ha 

>25 
Control:  5 
Targets:  62 
BMPs:  27 

>100 
Control:  26 
Targets:  45 
BMPs:  112 

>80 
Control:  22 
Targets:  110 
BMPs:  102 

no. of  
long logs/ha. 

>40 
logs/ha 
>15m 
long 

Control:  0 
Targets:  58 
BMPs:  13 

>70 
logs/ha 
>15m 
long 

Control:  7 
Targets:  21 
BMPs:  34 

>50 
logs/ha 
>15m 
long 

Control:  0 
Targets:  51 
BMPs:  37 

 
 

In the treatment units, CWD volumes were near or in excess of target values in most 
cases, except for the Targets unit of the SBSmc2 site, where the target value was clearly 
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not met.  However, target values were set based on data in the preharvest cruise 
compilation for the entire cutblock, and therefore should be applied to the entire block.  
Based on limited cruise plot data, the SBSmc2 Targets unit should probably have been 
assigned a separate, lower target volume.  If targets are required for a stratum within a 
block (e.g. for a riparian management area or other special management zone), care 
should be taken that cutblock targets are not used indiscriminately. 

Targets for numbers of long logs per ha. were derived from the average volume of a log 
of given length, and were intended to help machine operators visualize the stated targets 
(because the operators were generally more familiar with log length than volume).  This 
target proved the most difficult to achieve and may not be operationally feasible, 
because the target number was not always present prior to harvest and the 15m length 
allows for almost no breakage of existing or newly-recruited logs.  This target, if used at 
all, would be more realistically expressed as a number of >10m logs. 

Overall, it appears that the result of this CWD management approach depends more on 
preharvest conditions within the cutblock, and on the care and effort expended by the 
harvesting crews, than on whether and what targets were set.  It should be noted, 
however, that all the operators working on this project were interested in the concept 
and willing to experiment with new ideas.  Had this not been the case, the use of targets 
may have made more of a difference in the result. 

 

Cost-effectiveness 
The intent of this management approach is to make the best possible use of 
unmerchantable or uneconomic wood, but not to leave merchantable wood remaining 
on the site.  However, the decision as to whether a given tree or snag is merchantable 
and should be bunched for skidding to the roadside, or unmerchantable and should 
remain on site, is made by the feller-buncher operator.  Due to the limitations of his 
equipment, he generally only sees about 6-7m up the tree bole and is not always able to 
make a completely reliable judgement.  Under normal cond itions, most operators prefer 
to risk skidding unmerchantable logs to the roadside rather than risk leaving 
merchantable ones on site.  For this project, the operators were instructed to skid grade 
3 logs (dead and dry sawlogs) to the roadside, but to leave grade 5 logs (dead and dry 
lumber rejects) on the block.  Where the feller-buncher operator could not clearly 
distinguish between grade 3 and 5 wood, he was instructed to leave the log behind if he 
was “fairly sure” it was a grade 5. 
 
Waste assessments on the three study areas showed low volumes of green wood (grades 
“-” and 4) that were consistent with normal operational practices.  Volumes of grade 3 
logs were generally higher on treatment units than on controls, and this likely represents 
logs that were misidentified as grade 5’s by the machine operator.  Actual volumes 
involved were approximately 3-5m3/ha in the SBSdk, 8-10 m3/ha in the SBSmc2 and 5-
15 m3/ha in the ESSFmc.  Under the waste benchmarks applicable at the time of harvest 
(15 m3/ha, applied to green sawlogs only), these volumes would not be considered 
“waste”.  However, they would be considered under the current benchmark effective 
January 1, 2005 (10 m3/ha, applied to green and grade 3 sawlogs).  As of January 1, 
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2006, waste benchmarks will be replaced by CWD targets specified in the cutting 
permit3.  Where CWD is either a management objective, or is incorporated into standard 
operating practices, it is recommended that CWD targets be set to cover the anticipated 
volumes of sawlog and grade 3 logs. 
 
Volumes of potentially useable grade 5 logs were generally higher on treatment units 
than on controls.  Depending on economic factors, this volume could represent: 
a)  wood that could have been salvaged (e.g. for pulp), although there would certainly 
have been losses due to breakage during transportation; or 
b)  time and effort that was saved by not bunching, skidding and processing 
uneconomic wood (when the value of pulp logs does not justify the cost of hauling 
them). 
 
None of the three licencees reported increased logging costs attributable to clump or 
strip  retention (other than operator training time) although changes in operator and 
machine time could have been masked by terrain differences in the area harvested or 
other unrelated factors that affect ease of harvesting.   
 
Overall, there appear to be few or no operational costs involved with managing for 
CWD as outlined in this document, whereas significant improvements in CWD 
retention were realized, especially in piece size and elevation.  There may be some 
potential revenue lost in terms of grade 3 logs that are inadvertently left on site.  Based 
on this study, the expected volume would be about 3-10 m3/ha., probably depending on 
the volume of standing dead wood as well as on the skill of the operator.  The volume 
of grade 5 logs may represent a cost or a saving, depending on economic conditions. 
 
 

Practical recommendations for adapted harvesting methods 
1.  Targets and Best Management Practices 
These trials did not demonstrate differences in results according to whether or not crews 
were instructed to meet predetermined targets for CWD retention.  Differences may 
exist, but were obscured by site factors such as live and dead tree abundance and 
density, terrain differences and other unrelated factors.  Education and training of 
harvesting crews is therefore emphasized as the initial step in improving CWD 
management. 
 
2.  Field guides to desired CWD levels 
Crews in the SBSmc2 trial commented that targets in terms of either volume or numbers 
of logs per hectare were not easily understandable to field crews, because they had no 
clear idea of what the target value should look like.  They suggested that, given 
sufficient experience, desired levels would be easier to visualize relative to a previous 
block (i.e. a little more or a little less than on a specific block harvested earlier).  
Pictorial guides may also be useful, especially with novice crews. 
                                                 
3 B.C. Ministry of Forests, Revenue Branch.  Provincial Logging Residue and Waste Measurement 
Procedures Manual, Appendix 5. 
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3.  Alternatives to retention of clumps 
Crews in the SBSmc2 trial felt that CWD and other structural elements could be 
retained more easily and efficiently in strips rather than in clumps.  This approach 
worked well for retaining overall CWD volume and fairly well for retaining long logs, 
and the harvesting crew found it easy and efficient to implement.  This suggests that: 

• different techniques may be better suited to different sites.  Strip retention 
worked well on a site where dead wood was abundant and fairly uniformly 
distributed; retention in clumps would likely work better in a site where 
structural elements were less abundant and more patchily distributed.  Other 
alternatives are undoubtedly also possible. 

• different techniques may be better suited to different crews – in particular, 
where a crew has prior experience with different harvesting techniques, it may 
be more efficient to adapt the familiar technique than to introduce a new one. 

 
4.  Day and Night harvesting 
Crews in the SBSdk trial, who began harvesting operations before dawn, reported that 
CWD retention was considerably easier during daylight hours.  During pre-dawn 
operations, the lights on the feller-buncher illuminated the area directly in front of the 
machine but provided limited visibility on either side, making identification and 
placement of retained logs to the side of the machine’s path more difficult.  This 
suggests that where aggressive retention of CWD is planned across an entire block, it 
could be more easily achieved during the summer.  Where CWD retention is 
concentrated in a part of a block (e.g. a riparian or lakeshore management zone), this 
area should be harvested during daylight hours. 
 
5.  CWD and “avoidable waste” 
There is a recognized conflict between retaining logs on site as CWD for biodiversity 
purposes and incurring penalties for leaving “avoidable waste”.  Mechanisms for 
resolving this conflict are not yet finalized, but will most likely involve stating in the 
cutting permit or Forest Stewardship Plan that certain volumes of dead wood will be left 
dispersed on site for CWD purposes. 
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APPENDIX I - OPERATIONAL STRATEGIES FOR CWD MANAGEMENT  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Maintain clumps of CWD and other 
structural elements 

 
Clumps could be built around: 

• existing deadfall   
• a group of snags (stubbed, with tops 

left in clump 
• existing clump of immature trees   
• alder patch (or other tall shrubs) 
• existing deciduous or cull trees 
• a ridge crest or area where the skidder 

doesn’t go 
Remember they must be visible! 
 

Keep the larger, longer logs intact 
and on the block 
 

 
• don’t skid unwanted logs 
• identify unmerchantable stems at the 

stump and leave on site 
• place unwanted snags 

o in direction of skid 
o to one side of skid route 
o in or adjacent to clump 

• applies particularly to snags with 
branches and bark 

 

Think Jackstraw!! 
Imitate natural distribution 
 

• try not to disturb natural 
accumulations of downed logs 

• if a tree or snag is felled and left,  
put it down across other logs (off 
the ground if possible).   

• avoid bunching groups of logs if 
they are not going to be skidded to 
the landing 
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Stub snags around the 
outside of a clump 

 

 

• the stubs act as “rub trees” to prevent 
damage to the clump 

Place unwanted snags (or stub tops) 
in or around the clump 

 

 
 

• in direction of skid 
• at the side to avoid damage to live trees 
 

Even a single stub could be a marker 
for two or three logs at its base! 
 

 

Maintain immature, deciduous and large  
cull trees for habitat and for future CWD 
 

For immature trees, look for 
• pole size or larger preferred 
• large, healthy crowns 
• in clumps where possible 
 
Large green trees could be 
• aspen or cottonwood 
• declining or cull trees of  

little commercial value 
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APPENDIX 2 
 
 
 

Responses of ant and ground beetle communities to variations in coarse woody debris 
quality, disturbance and stand structure 
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Introduction 
 
In recent years there has been a move away from considering coarse woody debris (CWD) as 
unsalvaged waste (Maser and others 1979) and toward an appreciation of this resource as a 
significant contributor toward both forest ecological processes (Lofroth 1998, Maser and 
others 1994, Stevens 1997) and as habitat for many species (Keisker 2000).  This change in 
attitude has been reflected by review publications in North America (Laudenslayer and others 
2002), England (Hodge and Peterken 1998), Australia (Grove 2002, Waldendorp and others 
2002),  and Fennoscandia (Jonsson and Kruys 2001).    In Canada, recognition of the role of 
CWD within forest ecosystems has grown, and it has now been included by some forestry 
companies as a critical filter habitat and biodiversity indicator within their Canadian 
Standards Association sustainable forest management certificate (Todd 2002).   
 
Ants (Hymenoptera:Formicidae) constitute one of the most abundant and ubiquitous animal 
taxa in the world. In one of the few studies on comparative biomass in ecosystems, Fittkau 
and Klinge (1973) reported that the biomass of ants in the Amazon constituted just under 20 
percent of total animal biomass, and was more than twice that of all vertebrates combined.  
Ants are also one of the most widely distributed taxa, ranging from the tropics (Fittkau and 
Klinge 1973) to the northern treeline, with sporadic colonies found some distances beyond 
this (Francoeur 1983). Further, they are known to contribute significantly to ecosystem 
processes that include but are not limited to: pest management (Carlson and others 1984, 
Torgersen and Mason 1987, Way and Khoo 1992), soil nutrient turnover (Wagner and others 
1997), seed dispersal (Gorn and others 2000, Heithaus 1981), grain consumption (Brown and 
others 1979), predation (McNeil and others 1978), and decomposition of organic material 
(Haines 1978).   In addition, and of particular relevance to the forests of British Columbia, 
ants serve as a significant food source for birds (Bull and others 1995, Torgersen and Bull 
1995) and bears (Noyce and others 1997, Swenson and others 1999) thus playing an 
important role in the forest food web.  Lindgren et al. (unpub) found that grizzly bears in the 
central interior of British Columbia spent more time foraging for ants than for any other 
source of animal matter.  
 
Ants (Hymenoptera: Formicidae) are a thermophilic taxon that in cooler climates must select 
nesting habitats which maximize daily heat gain (Hölldobler and Wilson 1990).  In boreal 
and sub-boreal forests three common strategies are employed: 1) nesting under rocks; 2) the 
construction of thatched nests from forest litter, and; 3) nesting in dead wood (Hölldobler and 
Wilson 1990).  Ideal nesting substrate should gain heat quickly, be of sufficient mass to hold 
that heat as ambient temperature declines, and be elevated above the soil to maximize 
insolation.  Of these cooler climate nesting strategies, CWD best meets these criteria 
throughout the colony lifecycle.   
 
North American literature directed at surveying the ant fauna of specific geographical regions 
illustrate the increasing dependence of ants upon CWD with increasing latitude.  While just 
less than 10 percent of species use dead wood as nesting habitat in Nevada, which has an 
average latitude of 38o N (Wheeler and Wheeler 1986), just over 35 percent used dead wood 
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in North Dakota (average latitude 48o N) (Wheeler and Wheeler 1963), and just under 60 
percent of species collected near Prince George British Columbia were dead wood associated 
(latitude 53o N) (Lindgren and MacIsaac 2002).  Further, the latitude effect is mirrored by 
cooling climate.  Colorado, at the same approximate latitude as Nevada, has a much greater 
percentage of dead wood dependent ants than Nevada.  That is, 33 percent of the ant fauna is 
dead wood dependent in Colorado (Gregg 1963), compared to just less than 10 percent in 
Nevada (Wheeler and Wheeler 1986).   
 
Currently, forest managers have few criteria upon which to base decisions regarding CWD 
management.  Attention has been given to easily measured parameters such as volume and 
total surface area, the latter often expressed as percentage ground cover.  It is then assumed 
that maintaining volume or total surface area of CWD in harvested plots, as compared to 
non-harvested plots will maintain the ecological functionality of CWD.  However, as will be 
discussed, there are significant differences in the physical attributes of CWD between 
harvested and non-harvested sites.  
 
The objective of our study is to examine variations in the physical attributes of CWD 
between harvested and non-harvested sites in the sub-boreal spruce biogeoclimatic zone of 
British Columbia.  Attributes associated with utilization by ants are highlighted along with 
the effect of surrounding stand structure.   
 

Study Plots 
 
Using records obtained from Houston Forest Products (Weldwood Canada), non-harvested 
and post-harvest sites (8-10, 13-15, and 23-25 years) were identified in pine (Pinus contorta 
var. latifolia) leading stands within the sub-boreal spruce (SBS) biogeoclimatic zone and 
moist cold (SBSmc) subzone (Meidinger and Pojar 1991).  Pine leading stands were chosen 
given the commercial significance of this species in the area.  Stands were identified within a 
100km radius of Houston, British Columbia (54o 23' 59" N - 126o 40' 0" W). Within each, a 
one hectare sampling plot was randomly positioned at least 50m away from an edge (i.e. 
road, stream, significant elevation change, forest or cutblock edge). 
 
Study plots have been identified in non-harvested stands (n=4), post harvest stands (8-10, 13-
15, and 23-25 years), and burned (21 years post harvest) sites.   
 
1) Non-harvested plots (n=4).  
 
Site One: Decker Lake (Babine Forest Products) 
Parked on far side of bridge immediately after cutblock 05502.  Working approximately 200 
meters to northeast of vehicle.  100,0 point of plot is 10U 0309527E/6017535N). 
 
Site Two: Tanglechain (Houston Forest Products)  
Nearest road access at UTM 09U 658641E/6092206N. This is not far off of the Tanglechain 
road near the beginning of the NSR cutblock 428. Work is occurring approximately 200m to 
the South.  Canopy cover prohibits GPS signal. 
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Site Three: Nadina West (Houston Forest Products) 
0,0 of plot is 9U 620813E/5984110N 
 
Site Four: Nadina East (Houston Forest Products) 
Nearest road access approximately 1km from 074-1(road ends at 074-1).  From vehicle plo t 
is approximately 200m into forest at 252 degrees.  Canopy cover prohibits GPS signal. 
 
2) Post-harvest sites (8-10 years) n=4. 
 
Site One: Decker Lake (Babine Forest Products) 
Cutblock number 05503 
 
Site Two: Tanglechain (Houston Forest Products)  
Cutblock number 452-2 
 
Site Three: Nadina West (Houston Forest Products) 
Cutblock number 021-1 
 
Site Four: Nadina East (Houston Forest Products) 
Cutblock number 074-1  
 
3) Post-harvest sites (13-15 years) n=3. 
 
Site One: Topley 15 (T15): Block 332-1 
0,100 @ 09U 0675222E 6040311N 
Elevation 736m 
 
Site Two: Fenton Creek 15 (FC15): Block 398-2 
Road 09U 0634134E6005648N 
Elevation 907m 
 
Site Three: Nadina West 15 (NW15): Block 011-1 
-off Duel Lake Road 
09U 0623613E5982200 
Elevation 1.51 km 
 
4) Post-harvest sites (23-25 years) n=3 
 
Site One:  Pimpernel 25 (P25):  
Immediately to the north of block 342-1 
09U 0630078E6003705N 
Elevation 875m 
 
Site Two: Morice River (MR25):  
-along Morice river road just after 48 km 
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09U 06223826E6002697 
Elevation 816m 
 
Site Three: Tatsha 25 (T25): Block ? 
09U 0654169E5964593N  
Elevation 924m 
Junction of Tatsha Main (0 km), Shelford main (103 km), Andrew Bay roads (0 km) 
 
5) Naturally burn sites.   Swiss Burn (Burned in 1983, examined in 2004) n=3 
 
Site One: Swiss Burn 1 (SB1): 1 hectare 
Kilometer 13.5 on Carrier Road, 130 deg in, approx. 1 km walk 
UTM at road 09U 0649176E6012296N 
Elevation at road 977m 
 
Site Two: Swiss Burn 2 (SB2): Two 25X25m plots 
Up along road at 10.5km off Carrier road 
UTM at road 09U 0647346E6011507N 
Elevation 1.14 km 
Rough bearing off road 55 deg 
 
Site Three: Swiss Burn 3: One 25X100 plot 
Road south off of Parrot at 8km 

Sampling 
 
Sampling occurred at each site as provided in original research proposal.  This included: 
 
1.  Pitfall trap transects.  Four randomly placed 80m long transects with pitfalls spaced by 
20m were laid out (5 pitfall per transect).  Pitfalls were set for 2 weeks.  Each plot was 
sampled in this manner in June and July.  Overall, a total of 320 pitfalls were placed.  Pitfall 
trapping is primarily for the purpose of sampling for ants and ground beetles. 
 
2.  Coarse Woody Debris Transects.  Two randomly placed 4X100m strip plots.  Coarse 
woody debris within the strip was measured for heartwood and sapwood decay, length, large 
end diameter, large end diameter at strip edge, small end diameter at strip edge, percentage 
bark, and beetle boring holes along a 2cm wide strip across the portion of the tree in plot.  
The CWD within plot was also opened by hatchet and any ants discovered were sampled and 
recorded.  Overall, a total of 6,400m2 were sampled for CWD. 
 
3.  Litter sampling.  Ten randomly placed 0.5m2 litter samples were collected in the field.  
Litter collected was then hung in a mini-Winkler extractor and allowed to hang for 48 hours 
for invertebrate extraction.  Each site was sampled by four replicate sets of ten samples. 
Overall a total of 80m2 of litter was sampled.  Litter sampling is primarily for the purpose of 
sampling for ants and ground beetles. 
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4.  Coarse Woody Debris pitfall sampling.  Invertebrate fauna closely associated with CWD 
was sampled by placing pitfall traps adjacent to four pieces of CWD in each of decay classes 
1-4 (Decay class 5 was omitted as a consequence of its complete incorporation into the soil 
and difficulty to locate).  Pieces must have been a minimum of 5m long and in contact with 
the ground for more than 90% of its total length.  Pitfalls were placed adjacent to the CWD at 
the center of its long axis.  Overall a total of 84 pitfalls were placed.  Not all sites had enough 
CWD in all classes to allow for 4 replicates in each decay class.  Coarse woody debris pitfall 
trapping is primarily for the purpose of sampling for ants and ground beetles. 
 
5.  Temperature monitoring.  Two iButton temperature dataloggers were placed in the duff at 
each site.  Temperature was monitored every 30 minutes over a 43 day period between July 
and August.  Earlier placement was limited by datalogger availability. 
 
6.  Forest Edge pitfall sampling.  To measure changes in invertebrate fauna as you move 
from a cutblock into the forest, a 200m pitfall transect was laid out centered on the forest 
edge.  Pitfalls were placed at 0, 2.5, 5, 7.5, 10, 15, 20, 25, 50, 75, and 100 meters both into 
the forest and into the cutblock.  All transects ran at a N 90 E azimuth to match insolation.  
Overall, 84 pitfalls were placed. 
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Coarse woody debris: Attributes 
 
In total, 1,953 pieces of CWD have been examined within the 5 stand types surveyed to date.   
 
While we found no reductions in CWD volume and the related parameter, total surface area 
in our earliest plots post-harvest (Table 1), variations in the physical attributes of the CWD 
between harvested and non-harvested sites are apparent.  It was evident in harvested stands 
that there was a high degree of physical damage (i.e., crushed wood and splintering) to decay 
class 2 wood, presumably as a result of the activity of heavy machinery.  In 8-10 year post-
harvest plots, 63 percent of decay class 2 stumps (n=177) and 59 percent of DWD (n=301) 
displayed evidence of such mechanical damage.  While this characteristic was almost 
certainly exploited by pioneering ant species (e.g., Leptothorax canadensis) for access to 
nesting sites it could also allow more water penetration that may increase the rate of decay 
and, thus, the rate of removal of this resource from the stand. Exacerbating this potential 
increase in the rate of decay is the observation that 85 percent of pieces of CWD in the 8-10 
year old post-harvest stand were in full contact with the ground, as compared to 53 percent of 
pieces in non-harvested stands. 
 
As to be expected, naturally burned sites differed in CWD volumes (Table 1) and in 
parameters such as mean large end diameter (Table 2) from all post-harvest sites. 
 
Table 1: Surface area and volume of coarse woody debris attributes in non-harvest, post-
harvest (8-10, 13-15, and 23-25 yrs) and burned (21 years post-disturbance) sites.  Coarse 
woody debris is defined as all woody debris with an end-diameter equal to or greater than 
10cm regardless of length and includes stumps.  Snags are excluded from these estimates. 
 
 Mean surface area    

(m2 ha-1 ± SD) 
Mean volume  
(m3 ha-1 ± SD) 

Non-harvested sites n=4  656 ± 622 84 ± 87 
Post-harvest sites (8-10 yrs) n=4  684 ± 904 120 ± 184 
Post-harvest sites (13-15 yrs) n=3  423 ± 213 57 ± 33 
Post-harvest sites (23-25 yrs) n=3 364 ± 341 68 ± 67 
Burns (21 yrs post-disturbance) n=2 * 979 ± 640 164 ± 102 
* data is currently only available from two of the three burned study sites.  
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Table 2: Physical attributes of coarse woody debris attributes in non-harvest, post-harvest (8-
10, 13-15, and 23-25 yrs) and burned (21 years post-disturbance) sites.  Coarse woody debris 
is defined as all woody debris with an end-diameter equal to or greater than 10cm regardless 
of length.  Coarse woody debris is divided into stumps and downed woody debris (DWD).  
DWD is defined as CWD that is within 45 degrees of horizontal. 
 
 
 Mean large end 

diameter (cm ± 
SD) 

mean total 
length (m ± 
SD) 

Mean percentage 
bark retention (± 
SD) 

Mean decay 
class*: Sapwood (± 
SD) 

Non-harvested sites 
n=4 DWD 

18.9 ± 6.8 12.9 ± 7.5 29 ± 39 2.5 ± 0.8 

Non-harvested sites  
Stumps n=4 

n/a n/a n/a n/a 

Post-harvest sites (8-
10 yrs) n=4 DWD 

16.5 ± 6.8 3.7 ± 3.7 8.6 ± 18.8 2.4 ± 0.6 

Post-harvest sites (8-
10 yrs) n=4 Stumps 

29.8 ± 13.7 0.3 ± 0.2 37.2 ± 32 2.3 ± 0.5 

Post-harvest sites (13-
15 yrs) n=3 DWD 

15.9 ± 3.4 3.5 ± 2.2 2.8 ± 5.3 2.6 ± 0.4 

Post-harvest sites (13-
15 yrs) n=3 Stumps 

29.2 ± 5.9 0.2 ± 0.1 12.5 ± 4.2 2.7 ± 0.4 

Post-harvest sites (23-
25 yrs) n=3 DWD 

20.7 ± 7.3 4.1 ± 2.6 0.3 ± 1.6 3.1 ± 0.5 

Post-harvest sites (23-
25 yrs) n=3 Stumps 

36.1 ± 9.3 0.3 ± 0.2 1.3 ± 4.4 3.3 ± 0.6 

Burns (21 yrs post-
disturbance) n=2** 

29.9 ± 6.0 15.6 ± 3.7 0.4 ± 0.7 2.6 ± 0.3 
 

* Decay classes follow Maser et al. (1979). 
** data is currently only available from two of the three burned study sites.  
 
 

Ants 

Species richness 
 
To date 18 species of ants have been collected at all sites sampled.  One species, Formica 
dakotensis, has not been previously recorded as occurring in British Columbia.  However, 
this species has been found in northwestern Alberta and in the Yukon so its presence here is 
not surprising.  
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Table 3: Ant species collected in the sub-boreal spruce, moist cold (SBSmc) biogeoclimatic 
zone and subzone in British Columbia, Canada.  Species list represent collections from post 
harvest stands at ages 8-10, 13-15, and 23-25 years as well as non-harvested stands.  
Taxonomy follows Bolton (1995) except where more recent revisions are available. 
 

FAMILY FORMICIDAE 
Sub-Family Myrmicinae  

Leptothorax canadensis 
(Provancher) 

 

Myrmica alaskensis 
(Wheeler) 

 

Myrmica incompleta 
(Provancher) 

 

 

Myrmica detritinodis 
(Emery) 

 

Sub-Family Formicinae  
Camponotus 
herculeanus (Linnaeus) 

 

Camponotus 
noveboracensis (Fitch) 

 

Formica fusca group 
Formica accreta 
(Francoeur) 
Formica argentea 
(Wheeler) 
Formica hewitti Wheeler 

 

Formica neorufibarbis 
(Emery) 

Formica rufa group 
Formica dakotensis 
(Emery) 

 

Formica obscuriventris 
(Mayr) 

Formica sanguinea group 
 Formica aserva (Forel) 
Lasius pallitarsis 
(Provancher) 

 

Lasius alienus 
(Foerster) 

 

 

Polyergus breviceps 
(Emery) 
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Ants and seral stage 
 
In all sites studied five species of ants comprised greater than 90% of all colonies found 
within CWD.  Thus this overview will focus on these five species (Camponotus herculeanus, 
Formica aserva, Formica neorufibarbis, Myrmica alaskensis, and Leptothorax canadensis).  
 
Variations in the community structure of these five species were evident with seral stage. 
 
Figure 1: Camponotus herculeanus colonies as a percentage of all identified ant colonies 
found nesting within coarse woody debris in post-harvest (3 ages) and non-harvested stands.  
Data for each stand type is pooled. 
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Figure 2: Formica aserva colonies as a percentage of all identified ant colonies found nesting 
within coarse woody debris in post-harvest (3 ages) and non-harvested stands. Data for each 
stand type is pooled. 
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Figure 3: Formica neorufibarbis colonies as a percentage of all identified ant colonies found 
nesting within coarse woody debris in post-harvest (3 ages) and non-harvested stands. Data 
for each stand type is pooled. 
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Figure 4: Myrmica alaskensis colonies as a percentage of all identified ant colonies found 
nesting within coarse woody debris in post-harvest (3 ages) and non-harvested stands. Data 
for each stand type is pooled. 
 

0

1 0

2 0

3 0

4 0

5 0

6 0

7 0

8 0

9 0

Post-harvest(  8-10 years)Post-harvest  (13-15 years)Post-harvest  (23-25 years)Non-harvested: late seral

Stand

 



Operational CWD trials in the Northern Interior  page Axvii 

 
Figure 5: Leptothorax canadensis colonies as a percentage of all identified ant colonies found 
nesting within coarse woody debris in post-harvest (3 ages) and non-harvested stands. Data 
for each stand type is pooled. 
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As can be seen from the data, there are distinct patterns of relative abundance for several of 
the species.  Camponotus herculeanus appears to build in abundance slowly in early seral 
stages, peaking in the 23-25 year old stands and then declining in the closed canopy mature 
forest.   The relative abundance of Formica aserva builds more quickly, peaking in the 13-15 
year old post-harvest stands and then declining.  While no pattern is discernible for Formica 
neorufibarbis, the relative abundance of Myrmica alaskensis correlates well with stand age 
while Leptothorax canadensis is negatively correlated. 
 
Further, a profound difference is evident in overall ant utilization of CWD between harvested 
and non-harvested stands.  For example, while 49 percent of CWD pieces (including stumps) 
(n=739) in 8-10 year old post-harvest stands hosted ant colonies, only 3 percent of pieces 
(n=333) in non-harvested sites hosted ants.  
 
In total, 16 species of ants were collected from coarse woody debris in both harvested and all 
non-harvested plots.  However, of these, only 4 were collected within non-harvested stands 
whereas all 16 were present in the harvested stands.  Of a total of 1,167 colonies of ants 
sampled from CWD in this study only 11 separate colonies were located in non-harvested 
stands. Foraging activity was essentially absent in non-harvested stands.  In total only 16 
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individual ants were collected in all pitfall traps set in non-harvested stands compared to 566 
in 8-10 year old post-harvest stands.  
 

The utilization of CWD by ants 
 
Of the 1,953 pieces of CWD examined within this study to date some 1,167 colonies of ants 
have been collected and identified.  Of the 18 species found to date, only 2 species (Formica 
dakotensis and Myrmica detritinodis) have not been found either nesting within CWD or are 
known from the literature to use this resource at least occasionally.  As Myrmica detritinodis 
is common in pitfall traps in the study sites it is probable that it does not make any use of 
CWD for nesting.  As only a single specimen of Formica dakotensis was found in a pitfall 
trap and has not been found elsewhere the species is clearly rare and it cannot be ascertained 
with certainty if this species is using CWD for nesting.   
 
Provided below are comparisons between the available CWD of a seral stage and the CWD 
used by the five most common species of ants for nesting.  Data is provided for 8-10. 13-15 
and 23-25 year post-harvest stands (Tables 4, 5 and 6). 
 
Most obvious from Tables 4-6 is that Camponotus herculeanus, shows a preference for larger 
pieces of CWD than are typical for 8-10 and 13-15 year post-harvest sites.  In 23-25 year 
post-harvest sites, the CWD preference of this ant species is not significantly different from 
the overall mean CWD on site only because available CWD happens to be larger on these 
older plots.   
 



Operational CWD trials in the Northern Interior  page Axix 

 
Table 4.  Relationship between available CWD in 8-10 year old post-harvest stands (n=4) 
and CWD utilized by 5 species of ants.  Statistical comparisons were made using the Mann-
Whitney 2 sample test. 
 
 Type of 

CWD 
Average 
end 
diameter 
(cm ± SD) 

Average 
length (m ± 
SD) 

Percentage 
Bark (± SD) 

Sapwood 
decay class 
(± SD) 

Heartwood 
decay class 
(± SD)) 

Overall CWD 
in harvested 
stands 

DWD 
(n=439) 

16.5 ±6.8 
 

3.7 ±3.7  8.6 ±18.8  2.4 ±0.6  2.4 ±0.7  

 Stumps 
(n=333) 

29.8 ±13.7 0.33 ±0.2 37.2 ±32 2.3 ±0.5 2.3 ±0.6 

CWD 
occupied by 
ant species 
 

      

Camponotus 
herculeanus 

DWD 
(n=7) 

26.2* ±4.8 
p=0.002 

3.0 ±2.4 
p=0.57 

5.0 ±3.0 
p=0.67 

2.4 ±0.5 
p=0.74 

2.7 ±0.8 
p=0.35 

 Stumps 
(n=5) 
 

36.1 ±8.2 
p=0.2 

0.4 ±0.1 
p=0.22 

37.5 ±37.4 
p=0.8 

2.2 ±0.4 
p=0.69 

2 ±0 

Formica aserva DWD  
(n=9) 

18.1 ±8.0 
p=0.57 

4.6 ±3.2 
p=0.32 

16.0 ±24.6 
p=0.15 

2.6 ±0.7 
p=0.38 

2.6 ±0.7 
p=0.5 

 Stumps 
(n=17) 
 

35.8 ±11.0 
p=0.09 

0.31 ±0.1 
p=0.76 

36 ±31.2 
p=0.96 

2.4 ±0.5 
p=0.65 

2.5 ±0.5 
p=0.22 

Formica 
neorufibarbis 

DWD 
(n=19) 

22.9* ±13.5 
p=0.04 

4.9 ±5.2 
p=0.33 

6.4 ±10.3 
p=0.47 

2.7 ±0.8 
p=0.11 

2.9* ±0.8 
p=0.2 

 Stumps 
(n=28) 
 

40.3* ±13.6 
p=0.001 

0.37 ±0.2 
p=0.42 

35 ±34.1 
p=0.72 

2.3 ±0.5 
p=0.66 

2.3 ±0.5 
p=0.89 

Leptothorax 
canadensis 

DWD 
(n=150) 

16.3 ±6.4 
p=0.99 

4.2 ±3.7 
p=0.16 

7.7 ±16.7 
p=0.45 

2.3 ±0.5 
p=0.67 

2.4 ±0.6 
p=0.27 

 Stumps 
(n=79) 
 

30.7 ±13.4 
p=0.51 

0.33 ±0.1 
p=0.51 

38.1 ±32.8 
p=0.89 

2.1* ±0.4 
p=0.04 

2.2 ±0.9 
p=0.23 

Myrmica 
alaskensis 

DWD 
(n=24) 

14.5* ±5.3 
p=0.048 

6.2* ±5.2 
p=0.04 

2.1 ±3.8 
p=0.22 

2.6 ±0.8 
p=0.48 

2.8 ±0.9 
p=0.12 

 Stumps 
(n=36) 

30.3 ±10.8 
p=0.84 

0.35 ±0.3 
p=0.11 

50.5* ±28.8 
p=0.01 

2.4 ±0.5 
p=0.23 

2.5 ±0.8 
p=0.52 

* Denotes significance at alpha=0.05 
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Table Five: Relationship between available CWD in 13-15 year old post-harvest stands (n=3) 
and CWD utilized by 5 species of ants.  Statistical comparisons were made using the Mann-
Whitney 2 sample test.  
 
 Type of 

CWD 
Average 
end 
diameter 
(cm ± SD) 

Average 
length (m ± 
SD) 

Percentage 
Bark (± SD) 

Sapwood 
decay class 
(± SD) 

Heartwood 
decay class 
(± SD)) 

Overall CWD 
in harvested 
stands 

DWD 
(n=300) 

15.9 ± 6.1 2.8 ± 2.7 2.3 ± 9.2 2.6 ± 0.6 2.7 ± 0.8 

 Stumps 
(n=253) 

28.0 ± 9.8 0.2 ± 0.1 13.2 ± 18.3 2.7 ± 0.6 2.5 ± 0.8 

CWD occupied 
by ant species  
  

      

Camponotus 
herculeanus 

DWD 
(n=20) 

20.6* ± 6.1 
p<0.001 

4.6* ± 3.9 
p<0.001 

1.3 ± 4.5 2.7 ± 0.5 2.8 ± 0.8 

 Stumps 
(n=36) 
 

30.7 ± 8.3 0.3* ± 0.1 
p<0.01 

15.8 ± 18.5 2.8 ± 0.6 2.7 ± 0.8 

Formica aserva DWD  
(n=14) 

18.9 ±9.2 4.4 ± 6.5 0.6 ± 1.3 2.9 ± 0.6 3.4* ± 1.0 
p=0.01 

 Stumps 
(n=29) 
 

34.4 ± 13.6 0.3 ± 0.2 12.6 ± 21.0 3.0 ± 0.6 2.7 ± 0.7 

Formica 
neorufibarbis 

DWD 
(n=10) 

16.6 ± 3.7 1.7 ± 1.0 0.6 ± 1.6 2.6 ± 0.52 3.1* ± 0.3 
p=0.03 

 Stumps 
(n=2) 
 

53.7* ± 
11.7 
p=0.02 

0.4 ± 0.1 13.0 ± 17 3.5 ± 0.7 2.0 ± 0.0 

Leptothorax 
canadensis 

DWD 
(n=147) 

16.5 ± 6.1 3.8* ± 3.9 
p<0.01 

3.9* ± 11.6 
p<0.01 

2.6 ± 0.5 2.6 ± 0.7 

 Stumps 
(n=91) 
 

29.6 ± 11.2 0.2 ± 0.1 13.0 ± 17.3 2.8 ± 0.7 2.5 ± 0.8 

Myrmica 
alaskensis 

DWD 
(n=77) 

16.0 ± 6.1 2.4 ± 2.5 0.8* ± 0.7 
p=0.04 

2.8 ± 0.6 3.2* ± 0.8 
p<0.001 

 Stumps 
(n=63) 

30.1 ± 8.4 0.2 ± 0.2 13.5 ± 19.7 2.8 ± 0.7 3.1* ± 0.8 
p<0.001 

* Denotes significance at alpha=0.05 
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Table Six: Relationship between available CWD in 23-25 year old post-harvest stands (n=4) 
and CWD utilized by 5 species of ants.  Statistical comparisons were made using the Mann-
Whitney 2 sample test. No significant differences were noted for this seral stage. 
 
 
 Type of 

CWD 
Average 
end 
diameter 
(cm ± SD) 

Average 
length (m ± 
SD) 

Percentage 
Bark (± SD) 

Sapwood 
decay class 
(± SD) 

Heartwood 
decay class 
(± SD)) 

Overall CWD 
in harvested 
stands 

DWD 
(n=184) 

19.2 ± 8.8 4.3 ± 3.5 0.2 ± 1.7 3.0 ± 0.6 3.2 ± 0.8 

 Stumps 
(n=119) 

34.9 ± 12.2 0.3 ± 0.3 1.0 ± 4.3 3.4 ± 0.8 3.5 ± 1.0 

CWD occupied 
by ant species  
  

      

Camponotus 
herculeanus 

DWD 
(n=22) 

22.3 ± 10.3 5.5 ± 3.6 0.0 ± 0.0 3.2 ± 0.6 3.5 ± 0.9 

 Stumps 
(n=2) 
 

34.4 ± 11.5 0.2 ± 0.2 0.0 ± 0.0 3.5 ± 0.7 3.5 ± 0.7 

Formica aserva DWD  
(n=0) 

n/a n/a n/a n/a n/a 

 Stumps 
(n=1) 
 

42.5 0.4 0 3 3 

Formica 
neorufibarbis 

DWD 
(n=10) 

18.6 ± 5.0 4.3 ± 2.7 0.0 ± 0.0 2.8 ± 0.8 3.1 ± 0.7 

 Stumps 
(n=7) 
 

39.7 ± 8.8 0.6 ± 1.0 2.9 ± 7.6 3.9 ± 0.9 4.3 ± 1.0 

Leptothorax 
canadensis 

DWD 
(n=30) 

17.2 ± 6.0 4.8 ± 2.8 0.1 ± 0.4 2.8 ± 0.7 3.0 ± 0.7 

 Stumps 
(n=18) 
 

37.7 ± 11.3 0.3 ± 0.1 1.2 ± 4.7 3.2 ± 0.9 3.3 ± 1.0 

Myrmica 
alaskensis 

DWD 
(n=41) 

18.4 ± 7.4 4.9 ± 3.2 0.0 ± 0.0 3.0 ± 0.5 3.4 ± 0.7 

 Stumps 
(n=35) 

34.9 ± 9.7 0.3 ± 0.1 0.2 ± 0.9 3.6 ± 0.7 3.6 ± 0.9 

* Denotes significance at alpha=0.05 
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Bear foraging activities on CWD for ants 
 
Little or no signs of bears foraging on CWD were evident in 8-10 year old post-harvest plots 
where there were few species of large ants that also form large colonies.  However, signs of 
bear foraging were evident in 13-15 and 23-25 year old plots.  Bears appear to prefer nests of 
Camponotus herculeanus and Formica aserva (Figure 7).  These two species form larger 
nests and are larger in body size than other species in these stands. 
 
Figure 6: A stump opened by a bear foraging for ants. 
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Figure 7:  The percentage of ant nests (5 species) in CWD showing signs of foraging by 
bears.  Data from post-harvest stands 13-15 and 23-25 years of age. 
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 Beetles 
 
Coarse woody debris utilization by beetles was determined by counting the number of beetle 
woodborer exit holes along a 2cm sampling strip randomly positioned on the CWD. 
 
Borer hole diameters were ordinally classified as Small (1-2mm), Medium (3-5mm) and 
Large (>5mm).  The greatest number of small holes we found in non-harvested stands.  
 
A Master’s degree project has just begun (January 2005) to take charge of the beetle 
identifications and analysis of collected data. The student in charge of this project is Duncan 
McColl. 
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Plans for Year Three 
This coming summer we plan to examine: a) cutblocks 2-3 years post-harvest and selective 
logged stands at approximately 50 years of age.  We will soon be in consultation with 
Houston Forest Products and the Ministry of Forests to locate these sites.  
 

Field researchers: Year One 
 
Field work was performed by: 
Robert J. Higgins: PhD candidate UNBC 
Duncan McColl: Summer student UNBC 
Laurel MacDonald: Summer student UNBC 
Anne MacLeod: Summer student HFP 
David deWit: Summer student HFP 
 

Field researchers: Year Two 
 
Field work was performed by: 
Robert J. Higgins*: PhD candidate UNBC 
Duncan McColl: Summer student UNBC 
Lisa Zukewich: Summer student UNBC 
Anne MacLeod: Summer student HFP 
 
*Contact for further details:  
rhiggins@cariboo.bc.ca 
(250) 392-8176 
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