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Introduction 
 
In recent years there has been a move away from considering coarse woody debris 
(CWD) as unsalvaged waste (Maser et al. 1979) and toward an appreciation of this 
resource as a significant contributor toward both forest ecological processes (Lofroth 
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1998, Maser et al. 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 et al. 2002), England (Hodge and Peterken 1998), Australia (Grove 2002, 
Waldendorp et al. 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 

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 et al. 1984, Torgersen and Mason 1987, Way and Khoo 1992), soil 
nutrient turnover (Wagner et al. 1997), seed dispersal (Gorn et al. 2000, Heithaus 1981), 
grain consumption (Brown et al. 1979), predation (McNeil et al. 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 et al. 1995, Torgersen and Bull 1995) and bears (Noyce et al. 1997, Swenson 
et al. 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 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.  
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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).   
 
Ground beetles 

While ants have been only sparingly studied in boreal and sub-boreal regions of North 
America, ground beetles or carabids (Coleoptera: Carabidae) have attracted a lot of 
attention. They are appealing research subjects because they represent a well 
characterized taxonomic group, respond to environmental change, and are relatively easy, 
and therefore inexpensive to collect (Refseth 1980, Niemelä et al. 2000). Furthermore, 
they occupy a wide spectrum of ecological niches and trophic levels (Lovei and 
Sunderland 1996), and have been demonstrated to have potential utility in indicating 
variations in biodiversity (Butterfield 1997) and in ecological and environmental 
conditions. For example, in a study examining the effect of forest successon on carabids, 
Baguette and Gerard (1993) found that the carabid community-composition in Belgian 
spruce plantations varied with stand structure and age, and tended to consist of open 
ground and forest generalist species from the local species pool. Brumwell et al. (1998) 
found that carabids in British Columbia also respond to successional changes in forests, 
and Koivula et al. (2002) found differences in species richness in regenerating stands of 
differing ages in Finland. Studies examining landscape level effects on carabid 
communities provide evidence of response to environmental conditions; for example, 
Halme and Niemelä (1993) examined the effect of fragmentation on carabids and found 
that large-bodied carabids were more abundant in contiguous forests in Finland than in 
forest fragments. Burke and Goulet (1998) had similar results when examining the 
response of carabids to forest fragmentation in Ontario; large-bodied species were more 
abundant, and species richness was higher in large fragments. Abildsnes and Tømmerås 
(2000) found that different species of carabids respond differently to fragmentation of an 
old growth Norwegian forest. 
 
Lindroth (1961-69) completed a comprehensive monograph with taxonomic keys for 
carabids in Canada and Alaska and it has provided an excellent taxonomic base for 
carabidology studies in British Columbia. Knowledge of the carabid communities in west 
central British Columbia is poor, however. A study undertaken near Smithers B.C. in 
harvested, high-elevation stands in the Engelmann Spruce – Subalpine Fir biogeoclimatic 
zone, to examine the immediate (2-4 year post-harvest) response of carabids to partial 
harvesting  (Lemieux and Lindgren 2004), is the only example of (published) carabid 
research in this region. 
 
Species inventories are a necessary component in the development of understanding of 
distribution of species, relationships among species, effects of landscape structure and 
effects of anthropogenic effects, such as forestry (Niemelä et al. 1994), on biodiversity 
(Jenkins 1988).  Baseline inventories of carabids in forested (re-forested) stands have yet 
to be completed for different successional stages of forest regeneration in west central 
B.C. Without this knowledge it is impossible to assess the possible long-term effects that 
harvesting may have upon carabids. Comparing carabids in post harvest stands to 
unharvested stands provides information pertaining to the immediate effect of forest 
harvesting on carabids Examining carabid communities in regenerating forests provides 
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insights into ecological processes involved in forest succession (Niemelä et al. 1993, 
Atlegrim et al. 1997 Ings and Hartley 1999, Koivula et al. 2002, Heyborne et al. 2003, 
Vance and Nol 2003, Brouat et al. 2004, de Warnaffe and Lebrun 2004). Hence, 
knowledge of the fauna that inhabit regenerating and mature forested stands is paramount 
to the understanding of ecological processes that shape the boreal forests (Korpilahti 
1996).   
 
Carabids are distributed non-randomly across the landscape (Niemelä 1990, Niemelä and 
Halme 1992). Therefore microhabitat associations provide insights into the specific 
habitats where carabids tend to be found. Variation in carabid communities has been 
linked to light penetration (Niemelä et al. 1988, Abildsnes and Tømmerås 2000) or solar 
radiation (Huber and Baumgarten 2005). Penetration of light in forested stands is directly 
related to canopy closure (Huber and Baumgarten 2005), which in turn has been 
identified as a variable which influences carabid activity-abundance and community 
composition (Magura and Tothmeresz 1997, Brumwell et al. 1998, Humphrey et al. 1999, 
Jukes et al. 2001, Koivula 2002, Koivula et al. 2002, Magura 2002, Magura and 
Tothmeresz 2002, Heyborne et al. 2003, Lassau et al. 2005 ). Canopy closure can be 
related to stand age and may be a driving factor influencing carabid community 
composition.  
 
Several studies have found shifts in carabid community structure post-harvest (Niemelä 
1990, Niemelä et al. 1993, 1999, Atlegrim et al. 1997, Beaudry et al. 1997, Butterfeild 
1997,  Koivula 2002, Koivula et al. 2002, Heyborne et al. 2003). Niemelä et al. (1992a) 
developed a conceptual model of carabid species succession. The model predicts a loss of 
mature forest species, a decrease in forest generalist and an increase in open ground 
species in early succession post harvest. Open ground species then decline as the forest 
matures and forest generalist increase. Eventually the open ground species will drop out 
of the forest and forest generalist will be dominant.  As the forest regains a mature 
structure mature forest specialist will reappear, although this has not been readily 
observed (Niemelä et al. 1993, Spence et al. 1996, Heyborn et al. 2003) and may not 
occur if source populations are no longer available to provide individuals to colonize 
what may appear to be suitable habitat (Niemelä et al. 1993, Spence et al. 1996).  The 
model has been supported by several studies (Niemelä et al. 1992, Niemelä et al. 1993, 
Atlegrim et al. 1997, Koivola et al. 2002, Koivula and Niemelä 2003). The pattern of 
carabid response is not universal, however. Heyborn et al. (2003) noted that carabids 
associated with mature forest conditions were not re-establishing when the vegetation 
succession was moving towards becoming a closed forest. Also, carabids considered 
mature forest species were not lost in young post harvest stands at high elevations in 
studies by Pearsall et al. (2003) and Lemieux and Lindgren (2004). 

Vegetation is frequently used as a variable for explaining carabid distributions and 
community structure. For example, Niemelä et al. (1992b) found non-random 
distributions, attributable to habitat associations, for the five most abundant species 
collected in coniferous Finnish forests. While the five species occurred throughout the 
study area the authors found differences in small scale distributions that they suggest 
could be attributed to active habitat selection by carabids based on vegetation species.  
Niemelä et al. (1992a) found different carabid communities in 5 ecotones defined by 
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vegetative characteristics, ranging from meadow to mixed wood boreal forest in central 
Alberta. Halme and Niemelä (1993) compared carabids from fragmented forests in a 
suburban agricultural environment with carabids from a large contiguous forest in 
Finland, and suggest that carabid diversity was likely related to vegetation diversity for 
the most abundantly collected species. Abildsnes and Tømmerås (2000) found the 7 most 
common carabids had habitat associations in Norwegian spruce stands related to ground 
cover, vegetation type, solar radiation, canopy cover, tree density and mean maximum 
spruce tree height; however the associations were not apparent post-harvest. Heybourn et 
al. (2003) found that different plant communities had unique carabid communities in 
post-harvest stands and old growth Douglas-fir forests in Oregon. However, the influence 
of red wood ants on carabid distribution was demonstrated to be greater than vegetation 
associations by Hawes et al. (2002) during a study that looked at red wood ants (ants in 
the Formica rufa group) specifically as a variable influencing carabids. 

Ant and Ground Beetle Interactions 

Interactions between ants and carabids have been suspected to be highly important in 
influencing the distribution, abundance and community composition of carabids (Lovei 
and Sunderland 1996; Ranius and Jansson 2002).  Based on the observation of a negative 
correlation between the abundance of carabids and the abundance of red wood ants 
(Niemelä et al. 1992b), Lovei and Sunderland (1996) stated that studying carabid 
communities requires the consideration of ants as a potential factor affecting distribution. 
This has been supported by several recent studies, e.g., Koivola et al. 2000, Reznikova 
and Dorosheva 2000, and Hawes et al. 2002.   

Carabid studies have generally failed to account for the presence of red wood ants (Lovei 
and Sunderland 1996). Lovei and Sunderland (1996) and Ranius and Jansson (2002) 
suggest that the results of carabid studies have likely (if not certainly) been influenced by 
red wood ants. Associations between red wood ants and carabids are generally negative, 
i.e., the carabid fauna is negatively affected by the presence of red wood ants. Many of 
the observed impacts of red wood ants on carabids stem from research designed to 
examine the impact of foraging ants on herbivory. For example, Karhu (1998) found a 
negative impact of Formica aquilonia on carabids in white birch stands in Finland, and 
Laakso and Setala (1998, 2000) indicated that predatory invertebrate mesofauna, of 
which carabids can be considered an important part, significantly increased in activity 
abundance with the removal of F. aquilonia nests. Punttila et al. (2004) found red wood 
ants impacted carabids at elevations where they were both present in birch forests in 
Finland. Studies examing carabid distribution, as it relates to habitat in natural and 
disturbed systems, have also lead to observations of negative carabid ant associations; for 
example, Niemelä et al. 1992b found mostly negative associations between the pitfall 
catches of carabids and red wood ants in coniferous Finnish forests. Carabids also 
respond to the presence of red wood ants in post harvest stands in Finland (Koivula 
2002). Koivula et al. (1999) found a significant impact of red wood ants on carabids 
while examining the effect of leaf litter on carabid abundance as did Koivula and 
Niemelä (2003) when examining the impact of harvesting pescriptions on carabids. 
Studies examining biodiversity and the use of invertebrates as indicator taxa have 
uncovered negative associations between carabids and wood ants as well. For example 
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Oliver and Beattie (1996) found a strong negative correlation between ants and both 
carabid and scarab beetle species richness in Australian forests when pursuing research 
on methods for examining biodiversity.  Foord et al. 2003 noted a negative association 
between carabids and wood ants in South Africa.  

Vegetation species composition, stand vertical structure and field vegetation 
characteristics tend to reflect variation in moisture, nutrients and light penetration. In 
studies examining carabid distributions these variables tend to be intertwined and affect 
carabids in manners that differ, depending on landscape level variables such as degree of 
fragmentation and elevation. The effects can be either positive or negative depending on 
the carabid species or community being examined, the geographic location and 
disturbance history of the area in which the study occurs (Ribera et al. 2001). Conversely, 
the influence exerted by the presence of aggressive ants has been negative in all studies to 
date.  

While ants are directly and intimately associated with CWD in sub-boreal forests 
(Lindgren and MacIsaac 2002), its importance as a habitat feature to carabids is less 
clear, because it is the larvae of some species that require this resource, while adults are 
probably less dependent (Larochelle and Larivière 2003). For example, adults of 
Pterostichus adstrictus, one of the more common carabids in this study, is found in a 
wide variety of habitats, and uses logs and branches primarily for shelter, whereas their 
larvae are found in rotting logs and leaf litter (Larochelle and Larivière 2003). Larval 
caraqbids are rarely studied, and therefore very poorly known. Thus, ant nest sampling 
should reflect CWD quality and quantity directly, at least if this resource is in any way 
limiting, whereas carabid sampling reflect CWD presence more or less indirectly.  
 
CWD Management 

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 (Lloyd 2002).  
 
Objectives 

The objectives of our study were to: a) examine variations in the physical attributes of 
CWD between harvested and non-harvested sites in the sub-boreal spruce biogeoclimatic 
zone of British Columbia; b) record CWD attributes associated with utilization by ants; c) 
determine the effect on ants of stand successional stage in comparison to ground beetles; 
d) determine the effects of temperature as a limiting factor for ants; e) determine the 
pattern of bear foraging for ants in CWD in harvested blocks of different age; f) 
characterize interactions between ants and ground beetles; and g) provide 
recommendations for CWD management. 
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Study Plots 
 
Using records obtained from Houston Forest Products (Weldwood Canada), non-
harvested and post-harvest sites (2-3, 8-10, 13-15, 23-25 years, and burned stands) 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 (2-3, 
8-10, 13-15, and 23-25 years), and burned (21 years post disturbance) sites.   
 
Plots intensively examined for carabids are indicated by ( ‡ ) 
 
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. 
 
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 
plot is approximately 200m into forest at 252 degrees.  Canopy cover prohibits GPS 
signal. 
 
2) Post-harvest sites (2 years) n=3. 
Site One: Chisholm (Houston Forest Products) ‡

Cutblock number 631-TH2 
09U 613828E 6007491N 
 
Site Two: Nadina South (Houston Forest Products) ‡

Cutblock number 045-1 
09U 630054E 5969832N 
Elevation 1018m 
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Site Three: Pimpernel 2 site (CanFor).   
Just west of 3.5 km on Pimpernel road.   
09U 626877E 6004003N  
Elevation 838m 
 
2) Post-harvest sites (8-10 years) n=4. 
These sites were adjacent to the mature sites under 1 above 
 
Site One: Decker Lake (Babine Forest Products) 
Cutblock number  
05503 10U 0309359E  6013680N 
 
Site Two: Tanglechain (Houston Forest Products) ‡  
Cutblock number 452-2  09U 0664241  6087541N 
 
Site Three: Nadina West (Houston Forest Products) ‡
Cutblock number 021-1   
09U 621437E 5984074N 
 
Site Four: Nadina East (Houston Forest Products) 
Cutblock number 074-1   
09U 649161E 5981829N 
 
3) Post-harvest sites (13-15 years) n=4. 
 
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 0634134E 6005648N 
Elevation 907m 
 
Site Three: Nadina West 15 (NW15): Block 011-1‡

-off Duel Lake Road 
09U 0623613E 5982200N 
Elevation 1.51 km 
 
Site Four: Tanglechain (Houston Forest Products) ‡

Cutblock number 451-2 
09U 669405E 6089080N 
 
4) Post-harvest sites (23-25 years) n=3 
 
Site One:  Pimpernel 25 (P25) ‡:  
Immediately to the north of block 342-1 
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09U 0630078E 6003705N 
Elevation 875m 
 
Site Two: Morice River (MR25) ‡:  
-along Morice river road just after 48 km 
09U 06223826E 6002697N 
Elevation 816m 
 
Site Three: Tatsha 25 (T25): Block ? 
09U 0654169E 5964593N  
Elevation 924m 
Junction of Tatsha Main (0 km), Shelford main (103 km), Andrew Bay roads (0 km) 
 
5) Naturally burned 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 0649176E 6012296N 
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 0647346E 6011507N 
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 
 
6) New 8 year sites used in the bear survey (n=3) 
 
Site One: Nadina West 8A.  Block 041-2.   
09U 0625349E 5979853N  
Elevation 1080 m 
 
Site Two: Nadina West 8B.   
Block 051-3   
09U 0618662E 5982103N  
Elevation 965m 
 
Site Three: Owen Lookout 8.   
Block 397-4.   
09U 0636629E 6005566N  
Elevation 870m 
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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. 
Results are reported in terms of species richness. 
 
2.  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. Results are reported in terms of 
species richness. 
 
3.  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. 
 
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 had to be 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.  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. This was done in year 1 only. The approach 
was abandoned due to difficulty in locating replicated sites in terms of site characteristics 
and aspect.  
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7. Pitfall trap sampling (carabid ant interactions). Three randomly placed 80m long 
transects with pitfalls clusters; 5 traps in a satellite arrangement, spaced by 20m were laid 
out (25 pitfall per transect).  Pitfalls were reset every 2 weeks.  Two plots of each age 
class were sampled in this manner from May 25, 2005 until August 28, 2005.  Overall, a 
total of 750 pitfalls were placed.  This pitfall trap sampling was done in addition to what 
is described under 1, and was done specifically for the purpose of sampling for both ants 
and ground beetles more intensively. In this report, these data are reported in terms of 
species richness only. 
 
8. Trap level vegetation sampling. To document trap level vegetation and ground cover 
variation digital images of each of the 750 pitfall traps were taken from a height of 
approximately 1.5 m. Vegetation species composition and abiotic features were recorded 
in an approximately 2 m2 area for each individual trap. These data have not been analyzed 
yet. 
 
9. Canopy closure. Vertical digital photographs were taken using a Nikon CoolPix 990 
camera fitted with a wide angle lens. The camera was held at ~1 m above the ground to 
eliminate influence of the brush layer. Relative canopy closure was calculated using a 
grid point overlay. 
 
10. Shading experiment.  Pieces of downed woody debris were selected for testing 
Leptothorax canadensis response to shading while stumps, because of preferred nesting 
habitat, were selected for Formica aserva.  For each species ten replicate pairs of woody 
debris were selected with one member of each pair randomly assigned to shading.  With 
respect to downed woody debris, all pieces selected as pairs were matched for diameter 
(within 5cm) and azimuth (within 15 degree with one exception where lack of suitable 
matches required a 30 degree variation).  Overall, piece azimuth varied from 68 degrees 
to 108 degrees.  As there was great variation in the length of downed woody debris, all 
pieces were cut to a 2.5m length using a hand saw.  Great effort was made not to 
otherwise disturb the wood.  With respect to stumps, pairs were matched for diameter 
(within 10 cm) and height (within 15 cm).  In each case, for both DWD and stumps, 
visual examination of the wood confirmed the presence of ants of the appropriate species.  
In addition, pairs were no greater than 15m from each other. 
 
Shading tents consisted of landscape fabric supported by metal poles inserted into short 
PVC pipe driven into the ground.  Both the control and shaded wood had PVC pipe 
driven into the ground and only after these supports were placed was one member of each 
pair randomly selected for shading.  The tent walls were laid out in a U-shaped design 
such that no direct insolation of the wood was possible. 
 
The wood was inspected several times over the 6 week period for ant activity.  At the end 
of the experimental period (6 weeks) each piece of wood was opened by hatchet and/or 
chainsaw to carefully assess the presence or absence of ants. 
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Ants 

Species richness 
 
To date 18 species of ants have been collected at all sites sampled (Table 1).  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.  
 
Table 1. Ant species (Hymenoptera: Formicidae) 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. 
 
Sub-Family Species group Species 
Myrmicinae   

 Leptothorax canadensis (Provancher) 
 Myrmica alaskensis (Wheeler) 
 Myrmica incompleta (Provancher) 

 

 Myrmica detritinodis (Emery) 
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) 
 

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 
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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. Mean (±SE) number of carpenter ant (Camponotus herculeanus) colonies as a 
percentage of all identified ant colonies found nesting within coarse woody debris in 
post-harvest (4 ages) and non-harvested stands.   
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Figure 2. Mean (±SE) number of Formica aserva colonies as a percentage of all 
identified ant colonies found nesting within coarse woody debris in post-harvest (4 ages) 
and non-harvested stands.  
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Figure 3. Mean (±SE) number of Formica neorufibarbis colonies as a percentage of all 
identified ant colonies found nesting within coarse woody debris in post-harvest (4 ages) 
and non-harvested stands.  
 
 

 
Figure 4. Mean (±SE) number of Myrmica alaskensis colonies as a percentage of all 
identified ant colonies found nesting within coarse woody debris in post-harvest (4 ages) 
and non-harvested stands.  
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Figure 5. Mean (±SE) number of 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.  
 
As can be seen from the data, there are distinct patterns of relative abundance for several 
of the species.  Camponotus herculeanus queens are frequently found in 2-3 year-old 
clearcuts, but colonies have yet to establish. Colonies then appear to build slowly in 
abundance, peaking in the 23-25 year old stands and then declining in the closed canopy 
mature forest.   The relative abundance of Formica aserva is similarly absent in 2-3 year 
old cutblocks, but builds more quickly, peaking in the 13-15 year old post-harvest stands 
and then declining.  Formica neorufibarbis builds rapidly initially, but then declines as F. 
aserva increase, and finally increases again as F. aserva declines. We hypothesize that 
this pattern is due to the role in F. neorufibarbis as a slave species, which is used by the 
facultative slave-maker F. aserva. The relative abundance of Myrmica alaskensis 
correlates well with post-harvest 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 
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total only 16 individual ants were collected in all pitfall traps set in non-harvested stands 
compared to 566 in 8-10 year old post-harvest stands.  

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 2) and in 
parameters such as mean large end diameter (Table 3) from all post-harvest sites. 
 
Table 2. Surface area and volume of coarse woody debris attributes in non-harvest, post-
harvest (2-3, 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. 
 
 
Stand type 

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 (2-3 yrs) n=2 434 ± 285 66.8 ± 41.9 
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 are currently only available from two of the three burned study sites.  
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Table 3. Physical attributes of coarse woody debris attributes in non-harvest, post-harvest 
(2-3, 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. 
 
 
 
 
Stand and woody debris type 

Mean large 
end 
diameter 
(cm ± SD) 

Mean 
total 
length (m 
± SD) 

Mean % 
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 (2-3 yrs) n=3 DWD 16.6 ± 3.5 3.4 ± 2.1 14.0 ± 15.5 2.5 ± 0.3 

Post-harvest sites (2-3 yrs) n=3 Stumps 32.7 ± 7.1 0.2 ± 0.1 47.6 ± 26.7 2.1 ± 0.2 

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 are currently only available from two of the three burned study sites.  
 

Wood Boring 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.  
 
No patterns were detected indicating a link between wood borer activity and ant 
utilization. 
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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) were never found nesting in CWD. F. 
dakotensis is not known from the literature to use this resource, while Lindgren and 
MacIsaac (2002) recorded it (listed as M. fracticornis) from small diameter, “very rotten” 
pieces.  As Myrmica detritinodis is common in pitfall traps in the study sites it is 
probable that it does not make any use of larger diameter 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 determined with certainty if this 
species is using CWD for nesting based on our limited data.   
 
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). Data for 2-3 year5 old 
post-harvest stands are being processed. 
 
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. The dimensions of CWD on burned sites indicates that large 
piece-sizes suitable for C. herculeanus are more prominent. C. herculeanus is an 
important species for vertebrates, e.g., bears (see Figure 7 below) and pileated 
woodpeckers, so a reduction in piece-size in harvested blocks relative to natural 
disturbance blocks may impact on important food sources for these organisms. 
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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 

*Bold P-values denotes that the dimension differs significantly from overall mean  α=0.05 
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Table 5. 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 

*Bold P-values denotes that the dimension differs significantly from overall mean  α=0.05 
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Table 6. 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 

*Bold P-values denotes that the dimension differs significantly from overall mean  α=0.05 
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Temperature as a limiting factor for ants 
Based on the results of our sampling to determine how ants utilize CWD relative to 
successional stage of stands post-harvest, we hypothesized that ants are largely limited by 
temperature. Furthermore, we assumed that much of the ant fauna in the study area is 
near the limit of their thermal tolerance. Therefore, we established a shading experiment 
for two of the dominant species, Leptothorax canadensis and Formica aserva, to 
determine if shading, and the resulting reduction of temperature, would affect nest 
persistence.  
 

Canopy closure 
As expected, canopy closure increases with time in clearcuts. Figure 6 shows that canopy 
closure progresses rapidly from around 13-15 years, which coincides with Formica 
aserva dropping out of the system. Leptothorax canadensis nest abundance also declines 
as canopy closure increases, while Myrmica alaskensis assumes dominance. 

 
Figure 6. Percentage canopy (+/- SE) cover with seral stage. Data for each seral stage are 
pooled from three replicate sites.  
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Mean temperature declines steadily with seral stage (Figure 7). In non-harvested stands, 
mean temperature is below 10 oC, which may be a lower limit for most ant species; only 
Myrmica alaskensis appears to be able to persist at these low temperatures. 

 
Figure 7. Mean temperatures (+/- SE) with seral stage.  Data for each seral stage are 
pooled from three replicate sites.  Temperature recorded each 30 minutes over 41 days 
between June and August 2005. 
 

Shading Experiment 
The shading experiment demonstrated that Formica aserva is particularly dependent on 
insolation for successful nesting (Table 7). In control stumps, only two of ten stumps 
were abandoned by the ants, while all but one of the shaded stumps were abandoned. The 
one stump that retained activity was linked to an occupied log just outside the shading 
area, which may explain the persistence of this particular colony. The results from 
Leptothorax canadensis was bordeline significant (Table 8), with five of the shaded logs 
having fewer colonies than control logs, and four of the ten logs with the same number of 
colonies at the end of the experiment. Only in one replicate did the shaded log have more 
nests than the control logs.  
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Table 7. Formica aserva colony presence (1) or absence (0) following 10 weeks of 
shading.  Criteria for colony presence: Greater than 100 workers found in presence of 
larvae or pupae 
 

Replicate Control Shaded 

1 1 0 

2 1 0 

3 1 0 

4 1 0 

5 1 0 

6 1 0 

7 0 1 

8 1 0 

9 1 0 

10 0 0 

 
 
Table 8. Number of Leptothorax canadensis colonies per log following 10 weeks of 
shading 
 

Replicate Control Shaded 

1 0 1 
2 3 1 
3 4 3 
4 3 3 
5 3 1 
6 2 2 
7 3 3 
8 2 1 
9 3 1 
10 3 3 

Mean 2.6 1.9 
Paired t-test: P=0.066 
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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 (Figure 8) were evident in 13-15 and 23-25 year old plots.  Bears 
appear to prefer nests of Camponotus herculeanus and Formica aserva (Figure 9).  These 
two species form larger nests and are larger in body size than other species in these 
stands. Overall, up to 6 % of the CWD surveyed had been affected by bears in 13-15 and 
23-25 year old plots (Table 9). In 13-15 year old blocks, this was equivalent to about 150 
pieces of CWD per ha that bears foraged in, showing that this is a significant food 
resource for bears. 
 
 

 
Figure 8. A stump opened by a bear foraging for ants. 



 28

 
 
 

0

5

10

15

20

25

Camponotus
herculeanus

Formica aserva Formica neorufibarbis Leptothorax
canadensis

Myrmica alaskensis

Ant species

P
e
rc

e
n

ta
g

e

 
Figure 9.  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. 
 
Table 9.  Summary data of bear foraging activity on coarse woody debris in forest stands 
of different age post-harvest. Mature denotes unharvested stands.  
 

 
 

Age Class 

Average number of 
pieces of CWD 
showing bear 

foraging per ha per 
age class 

Average number 
of pieces per ha 

per age class 
(foraged and non-

foraged pieces) 

Percentage of pieces 
of CWD showing 

signs of bear foraging 
per hectare by age 

class 
2 0 2108 0 
8 17 2800 0.60 
15 152 2421 6.28 
25 76 1242 6.12 

Mature 0.3 1358 0.02 
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Ground Beetles 
 
Assessment of the carabid fauna in regenerating and mature stands in the Nadina FD is 
ongoing. Reduction in replication was required as logistical constraints made sampling as 
outlined in the proposal impossible. Sampling at the stand level was reduced from 4 
transects (100 traps) to 3 transects (75 traps). Two stands of each age class were sampled, 
rather than 3, as logistical constraints dictated.  

 A total of 4950 individual pitfall samples were collected. Preliminary examination 
indicates at least 25 species present in the studied stands (Table 8). Identifications will be 
verified by experts at the University of Alberta once all beetles have been processed. 
Given that we likely have several more species, the number of species is consistent with 
the study by Lemieux and Lindgren (2004), who found 28 species in high elevation 
spruce-subalpine fir forests southwest of Smithers, BC. Identification of ants collected in 
the pitfall traps is also ongoing. A species list of ants in the Nadina FD was compiled as 
per Higgins and Lindgren 2004. Analysis of samples is ongoing.  

Coarse woody debris was analysed at the stand level.  Recording CWD proximity to 
pitfall traps was abandoned after preliminary surveys indicated numerous difficulties that 
could possibly be overcome only by in-depth spatial analyses. Our main conclusion was 
that linear relationships based on distance likely provide no additional information above 
what was collected in the trap scale vegetation surveys.  

Vegetation analysis is ongoing. Digital images and vegetation species lists were recorded 
at each individual trapping point. Presence of environmental structures; e.g. CWD, fine 
woody debris, litter, rocks, bare ground etc., were also recorded.   

The data collected will be used as predictor variables in logistic regression analysis to 
examine variation in carabid activity abundance and diversity. 

Preliminary impressions from data processed to date suggest that the carabid fauna 
responds to the initial disturbance of harvesting with the loss of mature forest species and 
the colonization of the harvested areas by species adapted to open landscapes and 
disturbance; e.g., Pterostichus adstrictus, Amara laevipennis,  Bembidion sp. Harpalus 
sp. Similar trends have been observed in studies examining carabid response to 
harvesting (Niemelä et al. 1982, 1993, 1999, Atlegrim et al. 1997, Beaudry et al. 1997, 
Butterfeild 1997, Koivula 2002, Koivula et al. 2002, Heyborne et al. 2003). In the 10 and 
16 year old stands carabid activity abundance and diversity appears to be greatly reduced. 
This we suspect is due to the increase in abundance of the ant Formica aserva, which 
may compete with carabids for resourses such as CWD, as well as exert direct predatory 
pressure on ground beetle populations. Competition between ants and carabids has been 
suggested as an important factor influencing carabid distributions (Hawes et al 2002). In 
the stands 25 years of age some species of carabids found in the mature forest reappear; 
with catches appearing to be dominated by Scaphinotus angusticollis. This species 
dominated all habitats (forest, edge, clearcut, and retention patches) in the high-elevation 
study by Lemieux and Lindgren (2004), who found very low ant activity. F. aserva 
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abundance in the 25 year old blocks of our study has declined significantly (Figure 2), 
allowing the return of this species. 

Recovery of the full species assemblage found in mature stands has not been readily 
observed in closed canopy stands (Niemelä et al. 1993, Spence et al. 1996, Heyborn et al. 
2003) and do not appear to be recovering in the 25 year old stands examined. It is 
possible that the post-harvest forests are not returning to a state similar to the pre-harvest 
forest. Lack of CWD in suitable states of decay and size may be a limiting factor in 
recovery of carabid species assemblages, assuming that source populations to provide 
colonizing individuals are present in adjacent stands.  

Table 10. Species of ground beetles (Coleoptera: Carabidae) found in harvest blocks and 
mature forest of different age in the Nadina Forest District, 2003-2006.  NOTE: The list 
is not complete, since identifications are ongoing. 
 

Carabid Species  
Trachypachus holmbergi Mannerheim 
Notiophilus sylvanicus Eschsholtz 
Carabus teadatus Fabricius 
Scaphinotus angusticollis (Fischer von Waldheim) 
Scaphinotus marginatus (Fischer von Waldheim) 
Pterostichus herculaneus Mannerheim 
Pterostichus adstrictus Eschsholtz 
Pterostichus riparius (Dejean) 
Pterostrichus neobrunneus Lindroth 
Pterostichus sp. 
Calathus advena (LeConte) 
Calathus ruficollis Dejean 
Calathus sp. 
Synuchus impunctatus (Say) 
Amara laevipennis Kirby 
Harpalus laticeps LeConte 
Harpalus nigritarsis C.R. Sahlberg 
Harpalus somnulentus Dejean 
Harpalus sp. 
Trechus chalybeus Dejean 
Syntomus americanus (Dejean) 

            Elaphrus clairvillei Kirby 
Bembidion sp. 1 
Bembidion sp. 2 
Agonum sordens Kirby 
Agonum sp. 
 

CWD has been shown to influence carabid adults and larvae (Jabin et al. 2004) and is 
likely a contested resource in stands where F. aserva are present. If CWD is the limiting 
factor future research may be valuable in developing carabids as an indicator of CWD 
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dynamics in second growth stands reaching harvest age and of success of CWD retention 
in cut blocks.    
 

 

Field researchers 

Year One 
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 
 

Year Two 
Robert J. Higgins*: PhD candidate UNBC 
Duncan McColl: Summer student UNBC 
Lisa Zukewich: Summer student UNBC 
Anne MacLeod: Summer student HFP 

Year Three 
Robert J. Higgins*: PhD candidate UNBC 
Duncan McColl: MSc candidate UNBC 
Deanna Danskin: Summer student UNBC 
Lisa Zukewich, Summer student HFP 
 
*Contact for further details:  
rhiggins@cariboo.bc.ca
(250) 392-8176 
 

Conclusions and Future Research Directions 
During the three years, we have assembled a large body of information on the importance 
of CWD for invertebrates. The original intent was to determine if ants could serve as 
effectiveness indicators for monitoring the biological functionality of CWD left after 
harvesting operations. We also surveyed the ground beetle fauna, primarily because this 
fauna is well studied, and is used as an indicator taxon of industrial forestry impacts on 
biodiversity in many parts of the world.  
 

mailto:rhiggins@cariboo.bc.ca
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Notable findings. 
 
1. The area of study has a cool and relatively wet climate, which is largely unsuitable for 
ants except where they can take advantage of insolation. Thus the ant fauna in natural 
settings, i.e., unharvested forests, is impoverished and cannot be used as a yardstick for 
how species are affected by harvesting. 
 
2. Ants appear to be rather non-selective in their choice of CWD for nesting with the 
possible exception of the carpenter ant, Camponotus herculeanus. This species has large, 
persistent nests which can house many thousands of workers. A lack of large diameter  
and volume CWD may favour Formica aserva, which may compete with carpenter ants 
for the same nesting resources. This may have some implications for bears and other 
myrmecophagous vertebrates.  
 
3. Bears forage extensively for ants when these are present. In this area this tends to be 
primarily 15-25 years post-harvest, when ant populations have built up sufficiently to 
make this foraging strategy cost efficient.  
 
4. Ground beetles, which have been studied extensively in temperate forests, and have 
been proposed to be good bioindicators of post-harvest effects, appear to be in part 
affected by ant abundance, rather than habitat change. In other words, harvesting favours 
the buildup of ant populations, which in turn suppress ground beetle populations by 
competition or direct predation. Hence, so called “forest specialist” species may be able 
to persist after clearcut harvesting if the climate is cool enough to exclude (or at least not 
favour) aggressive ants like Formica aserva. This hypothesis will be tested in on-going 
research by Duncan McColl. 
 

Future research plans 
We are currently requesting funding to test the hypothesis of ant-ground beetle 
interactions through the FSP funding program. Even in the absence of such funding, Mr. 
McColl will do one (partial) additional field season to examine whether the effects on 
abundance we observed can be explained by either competition or predation. Mr. McColl 
is expected to graduate with a Master of Science (NRES) in 2007. Mr Higgins will 
continue analyses of the considerable data he has assembled over the past 3 years, and is 
expected to graduate with a PhD in 2007. We will forward the resulting documents to 
HFP. 
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