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EXECUTIVE SUMMARY 
 
Central British Columbia is presently experiencing a mountain pine beetle (MPB) infestation 
of unprecedented magnitude and intensity. As a result of the current outbreak, annual 
allowable cuts and timber salvage activities have been substantially increased in the Prince 
George Timber Supply Area. The extent to which these activities may alter the availability of 
suitable habitat for wildlife species whose range overlaps the outbreak area is unknown. This 
biodiversity investigation in pine stands addresses the effects of leaving wildlife tree patches 
in cutblocks as a means of retaining biologically important habitat values among a mosaic of 
other stand types and forest ages. 
 
In this report, we compare stand characteristics and small mammal populations found among a 
range of pine-leading forest seral stages, wildlife tree patches and late-seral non-pine-leading 
stand types. Our results showed that a range of habitat structural diversity, vegetation 
complexity, and structural attributes modified by forest practices appears important for 
maintaining species biodiversity. However, strong year-to-year variation in the abundance of 
small mammal species observed in mature forests prevents the development of robust habitat 
models to predict small mammal habitat associations across the managed forest landscape. 
The effect of cumulative disturbances (MPB combined with large-scale salvage practices) on 
the quality of available habitat also remains unknown. Among other conclusions that could be 
drawn from our results relate to focusing on opportunities to layout wildlife tree patches 
within moist habitat types (e.g., areas with relatively high diversity of canopy species 
composition) in pine-dominated landscapes. It appears that retaining standing healthy trees 
among mountain pine beetle devastated forests may not only provide for a mid-term harvest 
but prove to be effective means to achieve short-term forest management goals aimed at 
conserving biological diversity in the Central Interior. 
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1. INTRODUCTION 

1.1 Ecological Context 
The mountain pine beetle (Dendroctonus ponderosae; MPB) outbreak currently occurring in 
central British Columbia is unprecedented in its magnitude and intensity (Eng et al. 2005). In 
response to this outbreak, the annual allowable cut (AAC) was substantially increased in the 
Prince George Timber Supply Area (TSA), among other defined forest areas throughout 
Central British Columbia where lodgepole pine (Pinus contorta var. latifolia) is a significant 
portion of the forest cover (Pederson 2004).  
 
The resulting uplift in harvesting, which is well underway throughout the region, is focused on 
the efficient harvest and utilization of short-term timber values. Changes in forest pattern, 
composition, and structure resulting from the large-scale MPB timber salvage are apparent and 
rapidly diminishing the availability of suitable wildlife habitat for those species whose range 
overlaps the outbreak area. However, it is not yet understood how the current MPB epidemic 
and resulting salvage activities will impact particular elements of biological diversity (e.g., 
Bunnell et al. 2004). As such there is a pressing need for forest and wildlife managers to better 
understand the responses of wildlife populations to determine possible adaptive strategies that 
may enhance the capacity of wildlife to survive through the current MPB event.   
 
In this investigation small mammals have been chosen as ecological indicators for monitoring 
since they can play an important role in forest ecosystems as consumers of invertebrates, seed 
dispersers, fungi distribution vectors, organic material decomposers, as a source of prey for 
many avian and other terrestrial predators (Carey and Johnston 1995; Bowman et al. 2000; 
Carey and Harrington 2001). Moreover, both small mammal abundance and diversity have 
been used previously as bioindicators of change in forested landscapes (Sullivan et al. 2000; 
Sullivan et al. 2005; Pearce and Venier 2005), and they are known to be dependent on forest 
elements such as standing dead trees (a.k.a., snags), fallen trees, decaying woody debris and 
understorey plant communities (Bowman et al. 2000; Carey and Harrington 2001; Pearce and 
Venier 2005).  
 
In addition to data capture on small mammals, during this investigation baseline data has also 
been collected on forest stand structure, plant community composition, and coarse woody 
debris (CWD) volumes and qualities in forests of varying stand ages and site types.  
 

1.2 Management Context 
Modern forest management and harvesting is increasingly complex and requires 
comprehensive monitoring and reporting protocols established within a Sustainable Forest 
Management Plan (SFMP). The overall direction of forest management and operational 
planning with respect to various identified forest values are addressed in such plans with 
achievable goals to strive for sustainable forest management over a long-term planning 
horizon (e.g., Fort St. James SFMP 2007).  
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The majority of the forest tenure holders operating within the Prince George TSA (see Section 
1.4 Project Area below) have committed to the SFMP in principal. A criteria and indicator 
framework is utilized in both the Vanderhoof and Fort St. James Sustainable Forest 
Management Plans (SFMP) to identify, manage for, and maintain key forest values across the 
managed forest landscape. One criterion that refers to the conservation of biological diversity 
states as a goal that:  
 
“Biological richness and its associated values are sustained in the Defined Forest Area”. 
 
One management approach aimed at balancing desired timber extraction with the conservation 
of biological diversity is planned retention of variable amounts of forest structure across the 
managed forest landscape (Franklin et al. 1997; Bunnell et al. 2003). Intended to preserve 
viable habitats, retain connectivity between stands for wildlife dispersal, and increase the 
potential for natural regeneration of future rotations by leaving seed trees to re-stock adjacent 
cut areas, the variable retention harvesting approach to forest management employs non-
traditional harvesting methods (Bunnell et al. 1999; Bunnell et al. 2003; many others). 
Wildlife tree patches (WTPs) retained within or adjacent to cutblocks or along riparian areas 
are one stand level retention strategy utilized throughout B.C. (e.g., Fort St. James SFMP 
2007; Indicator 14, p. 45). 
 
Understanding how effective WTP operational strategies may be requires monitoring and 
reporting that is focused on elements of biological diversity within realistic management 
scenarios on the landscape (Noss 1990; Niemelä 2000; Bunnell et al. 2003; FREP 2007). An 
effectiveness monitoring program can also address the question of the relative value of 
different types of retention across the managed forest landscape. 
 
Previous investigations have assessed the effects of leaving wildlife tree patches in cutblocks 
(e.g., Seip and Parker 1997); however, to date very little monitoring of WTPs in the Sub-
Boreal Spruce (SBS) zone has occurred in tandem with an assessment of the impacts of MPB 
in central interior BC. Characterization of biological diversity in pine stands and quantification 
of forest structure, including habitat elements such as understorey vegetation, dead and dying 
trees (a.k.a., wildlife trees), and downed woody debris may provide forest tenure holders with 
the baseline information required to develop informed management practices for large-scale 
salvage operations in MPB-impacted stands.   
 

1.3 Project Objectives 
The objectives for the project were to: 
 

1. Gather baseline data on small mammals, plant communities, coarse woody debris, and 
standing structure of pine stands of various types (moist and dry), and ages (early, 
intermediate, and late-seral stages of stand development); 

2. Evaluate relationships between small mammal species richness and abundance and 
habitat use of wildlife tree patches in mountain pine beetle-impacted forest areas; 

3. Assess the relative value of stand retention types (pine-leading versus non-pine-
leading and moist vs. dry site types) to best meet biodiversity conservation objectives. 
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1.4 Project Area 
The focal area of the project was within the Moist Interior Plateau Natural Disturbance (NDU; 
Delong 2002) of Supply Blocks C and D (Fort St. James and Vanderhoof Forest Districts, 
respectively) in the Prince George Timber Supply Area (Figure 1).  
 
The project area is within the Sub-boreal Spruce (SBS) biogeoclimatic zone of the province 
between 51˚ 30’ and 59˚ N latitude (Meidinger and Pojar 1991). It is a montane zone 
occupying the rolling Nechako and Fraser plateaus with elevations ranging 500-1300 m above 
sea level.  Forest cover consists primarily of lodgepole pine (PL), sub-alpine fir (Abies 
lasiocarpa), and hybrid interior spruce (Picea engelmannii x glauca). Historically, stands in 
this region have been generated predominantly by fire disturbance and have resulted in a 
mosaic of forest types of varying ages, species compositions, and forest structures. Stand ages 
rarely exceeded 200 years within the SBS zone where the average fire frequency is estimated 
to be between 75 and 250 years (Parminter 1992). 
 

 
Figure 1.  Map of the Prince George Timber Supply Area (TSA). 
NOTE: Project area outline in red. 
 

The climate of this unit is continental, and is characterized by seasonal extremes of 
temperature; severe, snowy winters; relatively warm, moist, and short summers; and moderate 
annual precipitation (Meidinger and Pojar 1991). Mean annual temperature for most of this 
unit ranges from 1.7 to 5.0°C. Average temperature is below 0°C for 4-5 months of the year, 
and above 10°C for 2-5 months. Mean annual precipitation data from long-term stations 



 

MCA Ltd.             Biodiversity Monitoring in Pine Stands of the Prince George TSA            March 31, 2008 4

ranges from 481-727 mm, of which perhaps 25-50% is snow (Meidinger et al. 1991; Banner et 
al. 1993). 
 
The plant community that defines this zone is diverse with over 350 species of plants (vascular 
and non-vascular) known to occur throughout the SBS (Pojar et al. 1982). Aside from the 
plant community’s contribution to biodiversity and ecological classification, the physical 
structure produced by plants also serves as important habitat for other species. Trees, shrubs, 
forbs, graminoids (grasses, sedges and rushes), lichens and bryophytes (liverworts and 
mosses) occupy varying strata of the understorey extending up to forest canopies. Wildlife 
species that utilize various forest structures defined by vegetation are often less tied to a 
particular species than to the general structure of habitats created by plants (Bunnell et al. 
1999; Tews et al. 2004). 
 
To varying degrees throughout the project area the impacts of mountain pine beetle 
infestations are evident. Pine-leading stands as young 20 years in age have been attacked by 
the recent insect disturbance. Much of the forest areas presently being salvage logged have 
canopies composed entirely of lodgepole pine; however, other stands with much less and 
varying levels of pine are also being cut at unprecedented rates and scales. Subsequently, 
wildlife tree patches being retained across the salvaged forest landscape also range in age and 
tree species compositions. 
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2. METHODS 

2.1 Project design 
Five treatments were chosen for investigation and included variations of temporal measures 
(early, intermediate, and late-seral) and site types (moist vs. dry) in pine-leading stands, 
wildlife tree patches, and mature non-pine leading stands retained during operations (Table 1). 
Pine-leading was defined as ≥70% Lp canopy composition. All non-pine-leading stands were 
comprised of <30% lodgepole pine in their canopy. Sites were established throughout Supply 
Block C and D of the Fort St. James and Vanderhoof FD (Figure 2; Table 2; Appendices A–
D). 
 

Table 1.  Site types and treatment replicates surveyed in the PG TSA in 2007. 

STAND TYPE Early-seral 
(<20 years) 

Mid.-seral 
(20≥70) 

Late-seral 
(70+ yrs) 

WTPs 
(70+) 

Late-seral 
Non-Pine 

Dry (SBSdk, dw3) 
 4 4 4 4 4 

Mesic (SBSmk1, mc2, 
mc3; ESSF mv1) 4 4 4 4 4 

 
 

 
Figure 2.  Representative project sites in early (a), intermediate (b), late-seral pine stands (c) 
& (e), pine-leading wildlife tree patch (d), and non-pine-leading WTP (f).   
 

e) 

a) c) 

d) f) 

b) 
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In each project site an integrated plot centre (IPC) was established and a unique tag identifier, UTM 
coordinate, and plot name were recorded (Table 2).  
 
Table 2.  Description of project sites in the Fort St. James and Vanderhoof Forest Districts. 

Elevation BEC BEC Plot           Treatment 1 
Number 

FSR 2 
Access 

UTM 
Co-ordinates 3 (m) Aspect Sub-unit 4 Variant

FSJ01 L – M Teardrop 454123E 6028173N 825 NW SBSmk 1 
FSJ02 L – M Teardrop 454616E 6027590N 849 E SBSmk 1 
FSJ03 I – M Teardrop 458675E 6023605N 851 SE SBSmk 1 
FSJ04 I – M Teardrop 467717E 6024548N 869 W SBSmk 1 
FSJ05 E – M Tear-Chief 475562E 6025325N 849 E SBSmk 1 
FSJ06 E – M Tear-Chief 477569E 6023266N 848 E SBSmk 1 
FSJ07 P – M Teardrop 467799E 6023470N 818 N SBSmk 1 
FSJ08 I – M Teardrop 462296E 6024582N 847 SE SBSmk 1 
FSJ09 P – M 400 Rd 466112E 6035664N 846 NW SBSmk 1 
FSJ10 E – M 428 Rd 469380E 6039164N 847 E SBSmk 1 
FSJ11 L – M 428 Rd 469169E 6039734N 831 N SBSmk 1 
FSJ12 E – M 400 Rd 471464E 6035936N 851 NE SBSmk 1 
FSJ13 I – D German-Hat 417551E 6069981N 880 N SBSdw 3 
FSJ14 E – D B Rd 418462E 6072366N 873 N SBSdw 3 
FSJ15 P – M German-Hat 405193E 6073102N 870 SW SBSmk 1 
FSJ16 L – D German-Hat 410570E 6071551N 853 N SBSdw 3 
FSJ17 L – D German-Hat 418775E 6069980N 868 S SBSdw 3 
FSJ18 L – D German-Hat 424690E 6069754N 820 SE SBSdw 3 
FSJ19 L – D German-Tsilcoh 425679E 6070240N 820 S SBSdw 3 
FSJ20 L - D German-Hat 413216E 6070823N 587 N SBSdw 3 

VAN01 L – D Grizzly-22 457052E 5941336N 996 SW SBSdw 3 
VAN02 P – D Grizzly 463099E 5942169N 898 N SBSdw 3 
VAN03 E – D Grizzly 461856E 5941260N 988 SE SBSdw 3 
VAN04 P – D Grizzly-25 459845E 5940328N 988 N SBSdw 3 
VAN05 I – D Grizzly 458954E 5954474N 880 NE SBSdw 3 
VAN06 I – D Grizzly 460201E 5951841N 880 E SBSdw 3 
VAN07 E – D Grizzly-5 454611E 5954480N 943 SW SBSdw 3 
VAN08 P – D Grizzly-5 454541E 5954209N 946 SW SBSdw 3 
VAN09 L – M Blue-6000 402656E 5900562N 1103 SW SBSmc 3 

VAN10* E – D Blue-6000 402040E 5899972N 1156 N SBSmc 2 
VAN11* I – D Blue-6000 402232E 5898014N 1171 NE SBSmc 3 
VAN12 P – M Blue-6000 400728E 5896166N 1230 SE SBSmc 3 
VAN13 I – M 500 Rd 366237E 5937423N 1009 SE SBSmc 2 
VAN14 L – D Marilla Main 363585E 5944991N 977 N SBSdk 0 
VAN15 P – D Marilla Main 367220E 5944518N 954 N SBSdk 0 
VAN16 L – D Marilla Main 364298E 5944940N 992 NW SBSdk 0 
VAN17 L – M  Blue Rd 403368E 5894845N 1200 SE SBSmc 3 
VAN18 L – M Blue Rd 398928E 5889860N 1085 W SBSmc 3 
VAN19 L – M Blue Rd 396471E 5888173N 1104 NW SBSmc 2 
VAN20 L – M Blue Rd 401659E 5912068N 1069 NE SBSmc 3 

1 Treatment: E=Early Successional, I=Intermediate (mid-seral), L=Late Successional, P=Wildlife Tree Patch; D=Dry, M=Mesic (moist).  
2 Forest service road (FSR) access to study plots;  
3 UTM coordinates associated to integrated plot centre (IPC) points;       
4 Biogeoclamtic ecosystem classification (BEC) sub-unit and variant (MoF 1991); * although categorized as SBSmc in VRI, these sites were 
classified as “Dry” after ground proofing.  
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2.2 Project site set-up 
Standard Vegetation Resource Inventory (VRI) ground sampling guidelines were utilized in the set-
up of all study sites (RISC 2007; MCA 2007). A one hectare plot (100 m x 100 m) defined the 
sample area used in each monitoring site (oriented in cardinal directions around the IPC).   
 
Non-pine-leading sites were focused on mature (late succession) stands that were <30% Pl 
(lodgepole pine) and were selected to represent typical non-pine components present across the 
managed forest landscapes of the project area (e.g., black spruce wetlands, dry aspen/poplar uplands 
and spruce/fir forest types). 
 

2.3 Data Collection 
Provincial Resource Inventory Committee Standard methodologies (RISC 1998a; 1998b; RISC 
2007) were utilized for all stand structure (including vegetation and coarse woody debris surveys) 
and small mammal sampling.  
 

2.3.1 Forest Structure 
Forest structure attributes of all trees ≥6 cm dbh (diameter at breast height) were assessed with a 
circular 11.28 m radius plot surrounding the IPC within each project site (RISC 1998a; RISC 2007). 
Tree species, diameter at breast height (dbh: 1.3 m above ground), and wildlife tree decay class 
(Figure 3) were recorded.  
 

 
Figure 3.  Wildlife tree classification system (Wildlife Tree Committee of B.C., 2005). 
 
 

Crown class was rated using a VRI classification in which Class 1 represents a healthy crown and 
Class 7 represents a standing dead tree with a broken top. Additionally, wildlife tree types were 
evaluated for all live and standing dead trees ≥6 cm dbh and recorded whenever detected using the 
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coding system developed by Keisker (2000; Table 3). Any rot or fungus occurrence on trees within 
the plot was also recorded. All stems <6 cm dbh (down to 10 cm in height) were tallied by species 
within the 11.28 m radius plot and seedlings (<10 cm in height) were tallied by species within a 
5.64 m radius sub-plot within each project site (Figure 4).  

 
  

Table 3.  Classification of snag function as habitat for wildlife using (WTT) coding system 
(adapted from Keisker 2000).   
Wildlife Tree Type Code  Distinguishing Features  

WTT-1  Hard outer wood surrounding decay-softened inner wood  
WTT-2  Outer and inner wood softened by decay  
WTT-3  Small, excavated or natural cavities  
WTT-4  Large, excavated or natural cavities  
WTT-5  Very large natural cavities and hollow trees  
WTT-6  Cracks, loose bark, or deeply furrowed bark  
WTT-7  Witch’s brooms  
WTT-8  Large branches, multiple leaders, or large-diameter broken tops 
WTT-9  Arthropods in wood or under bark  
WTT-10  Open-structured trees in or adjacent to open areas  

 
Canopy layer tree height, diameter, and age were assessed using a minimum of three representative 
canopy trees. Tree cores were extracted from each tree to determine mean age and height was 
determined using a clinometer. Stand age was determined as the average of a minimum of three tree 
cores extracted from representative canopy trees.  
  

2.3.2 Coarse Woody Debris 
Coarse woody debris data was collected along 150 m of line-sampling transect in each project site, 
which was laid out as a 50 m equilateral triangle. One corner of the triangle was situated on the IPC 
(Figure 4).   
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Sampling scheme utilized for stand structure and CWD data collection. 

11.28 m 

5.64 m 
50 m

IPC 
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The orientation of the CWD transect within the 1 hectare study plot was determined by an initial 
random bearing away from the IPC. Species (when possible), diameter, length, piece shape, and 
decay class of CWD with diameters of ≥7.5 cm were measured along the line transect at the point of 
intersection.  Length was estimated into 3 classes (1 = <2m, 2 = 2-10 m, 3 = >10m).  CWD decay 
class was classified based on sapwood and heartwood condition and woody debris structural 
integrity (Figure 5). 
 
 

 
Figure 5.  Decay classes for coarse woody debris (RISC 1998a). 

 

2.3.3 Understorey Vegetation 
Within project sites, understorey plant community data was quantified within two fixed radius plots 
(5.64 m and 11.28 m) surrounding the IPC (VRI 2007; Figure 4 above). Plant species and relative 
abundance were recorded as percent species cover within defined survey plots. Herbaceous plants 
(forbs), bryophytes (mosses), and lichens were all assessed within a 5.64 m radius plot, and all 
shrub species were tallied within an 11.28 m radius plot. Standard 7-letter codes for genus and 
species were used to record plant occurrences (e.g., GOODOBL: Goodyera oblogifolia; Appendix 
E). All plant species occurrences were recorded to the species level with the exception of grasses 
(Poaceae) and willows (Salix spp.), which were recorded to the family and genus level, respectively. 
 

2.3.4 Small mammal surveys 
Small mammal surveys were completed within a 1 hectare project plot set within each stand. A 25 
m grid was overlaid onto each plot to facilitate even distribution of small mammal trap stations on 
each site (Figure 6). A total of 16 trap stations per 1 ha project site.  
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Figure 6.  Arrangement of 16 small mammal trap stations (   ) within the 1 ha. sample plot 

 
 
Each trap station centre was marked with a 1.5 m flagged pigtail stake. Within three metres of trap 
station centre two Sherman (Tallahasse, FL) live-capture mammal traps were placed for a total of 
32 traps set concurrently in each sample plot. Live-traps were placed in favourable microsites to 
optimize trap effectiveness which often consisted of runways along pieces of coarse woody debris 
or in thicker vegetation (Figure 7). 
 
 

    
Figure 7.  Small mammal traps in situ within 3 m of each trap station centre location. 
 
 
All trapping followed RISC (1998b) inventory methods and handling guidelines and the appropriate 
Wildlife Act Permit (#PG07-35485 under s.19 of the Wildlife Act, RSBC, c. 488 AND s.2(c)(i) of 
the Permit Regulation, B.C. Reg. 253/2000) was obtained prior to data capture. Small mammal 
surveys were focus was on voles (Microtus spp. and Clethrionomys spp.) and mice (Zapus spp. and 
Peromyscus spp.), although some incidental captures (e.g., shrews [Sorex spp.]) were expected. 
Plywood cover boards were placed over each trap to provide shelter from precipitation for trapped 
mammals. In each trap seeds, a piece of carrot, and a small smear of peanut butter was placed inside 
a roll of cotton batting to provide nourishment and insulation for captured mammals (RISC 1998b). 

100 m 

25 m 

25 m 

IPC 
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 π2 * Σ(d2) 
8 × L 

 
Four sample sites were surveyed concurrently (see groupings in Appendices A – D). Traps were 
placed within each site then locked open for three nights to allow resident small mammals to 
become accustomed to the trap. Traps were then set every evening at dusk and checked every 
morning at dawn for the following three nights. To minimize the risk of mortality of animals, 
whenever possible the time between openings of traps in the evening and checking of traps in the 
morning did not exceed 10 hrs (RISC 1998b). 
 
Each trapped mammal was identified to species (according to Nagorsen 2002), aged (adult or 
juvenile), and marked with a spot of permanent black marker on the back of the left ear to identify 
re-captures in subsequent trap nights. All trapping was conducted according to a safety protocol 
based on WorkSafe BC recommendations. Traps were all disinfected with a 10% bleach solution  
between trapping sessions to eliminate disease transfer from one area to another, as well as for 
human safety during trap handling (RISC 1998b). 
 

2.4 Data analysis 

2.4.1 Forest Structure 
Stand structure variables (e.g., tree diameters, heights, densities, etc.) were tallied for all treatment 
replicates and summary statistics, including means and standard errors, were produced for each 
treatment. Comparison of forest structures were made between all pine-leading treatment types 
using analysis of variance (ANOVA) with Tukey’s all pair-wise comparisons test and Kruskal-
Wallis test with pair-wise comparison depending on whether the variable was normally on non-
normally distributed. Comparisons were also made between mean forest structures variables of late 
succession pine-leading stands and late succession non-pine-leading stand structures using paired T-
tests; α≤0.05 was used in all cases to test for significance. 
 
Crown class values and wildlife tree class distributions were tallied and graphically presented to 
develop visual impressions of the canopy structure and health of each stand type. A formal 
statistical analysis of canopy heath or potential wildlife usage was not conducted; these qualitative 
variables are summarize for each forest type since they are not well suited to quantitative statistical 
approaches.  
 

2.4.2 Coarse Woody Debris 
We used Van Wagner’s (1968) equation to calculate volume of CWD (cubic metre per hectare, 
m3/ha) for a site using the line intersect method: 
 

V =  
 
 

Where: V is volume per unit area (m3/ha), 
d is piece diameter at transect line intersection (cm), 
L is slope-corrected length of sample line (m). 
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Volume of CWD by site was reported by four different volume classes: total volume, 7.5 – 19.9 cm 
volume, 19.9 – 29.9 cm, and > 30 cm volume.   
 
Summary statistics of CWD volumes for all late-seral pine-leading and non-pine-leading stands are 
presented and compared using paired T-tests; α≤0.05 was used to test for significance. 
 

2.4.3 Understorey Vegetation 
Understorey vegetation communities are presented in this report as comparisons of the species 
richness and abundance of the various elements of understorey vegetation between late succession 
pine-leading and non-pine-leading stands.  
 
Abundances were calculated using the percent cover determined within the fixed radius vegetation 
plots (5.64 m and 11.28 m radius) scaled up to one hectare for each project site in order to make 
proportional comparisons of plant species abundance between site types and treatments. For 
example, the percent cover of shrub species determined within the 11.28 m radius plot (a 400 m2 
area), was scaled up by factor of 25 (25 x 400 m2 =  1 hectare).  
 
Note: Due to the nature of the shrub growth that can occur in multiple layers (e.g., dwarf, low and 
high shrub species) within the understorey of any forest type, the resultant total percent shrub cover, 
which combines the shrub cover estimates from various shrub layers present, may exceed the area 
of one hectare as has been the case within some project sites in this investigation.   
 

2.4.4 Small Mammals 
Data captured on small mammals in 2006 was compared to 2007 data to determine year-to-year 
fluctuations. Data was also combined to evaluate the influence of habitat characteristics on the 
presence or absence of specific small mammal species at different sites (dependent variables: 0 = 
Not detected at site; 1 = Detected at site). Species-habitat analyses were performed using logistic 
regression. For three of the species captured at multiple sites in both 2006 and 2007 (Red-backed 
vole, Meadow vole, Deer Mouse), we developed a set of candidate logistic regression models (10 
models for 2006; 12 models for 2007; Appendix F) that contained, in various biologically and 
ecologically relevant combinations, one or more of the following factors: Total volume of coarse 
woody debris, Total shrub cover, WTP / Non-WTP, Seral stage, Moisture regime (Moist or Dry), 
and Pine / Non-Pine (2007 only). A global model included all of the variables and selected 
interactions between terms. To avoid pseudo-replication, data sets for 2006 and 2007 were analyzed 
separately.  
 
Since most small mammal species have one or more litters of juveniles each summer we compared 
small mammal capture data for juveniles and adults combined as well as for adults alone to test for 
variation introduced by juvenile dispersal movements.  
 
Pearson’s correlations coefficients were used to examine relationships between small mammal 
captures by species and habitat elements. We tested our data for normality using normal probability 
plots and the Shapiro-Wilk statistic. Where the assumptions of normality were not met for an 
ANOVA, we used the Kruskal-Wallis One-way non-parametric method, and report the Chi-square 
approximation of p-values.  
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Candidate models were evaluated based on the comparison of Akaike’s Information Criterion (AIC) 
values, an objective and quantitative method for model selection (Burnham and Anderson 2002). 
The model with the lowest AIC was taken to be the most parsimonious for the data; however, 
models with AIC values that differed from the model with the lowest AIC by less than two were 
also considered to fit the data equally well (Burnham and Anderson 1998). 
 

3. RESULTS 

3.1 Stand Structure 
Comparison of stand structural attributes recorded among all pine-leading stands was reported in 
year one results (MCA 2007) of this investigation; therefore, here the focus is on novel results of 
comparisons made between late-seral pine and non-pine-leading (moist and dry) treatment types. O 
Overall, the new data appears to confirm findings from year one. 
 
Overall late-seral stage pine-leading and non-pine-leading stand types appeared generally similar in 
forest structure (Table 4). Evidently, only canopy tree diameter significantly differed between pine 
and non-pine-leading stands (F1,16 = 4.60, p = 0.023). The greatest diameter recorded was among 
non-pine-leading canopy trees on moist sites, which was significantly greater than both late-seral 
dry pine-leading and non-pine-leading canopy trees. The diameter of canopy trees was greater on 
moist ecotypes overall but did not appear different between pine or non-pine-leading project sites 
(Table 4; small characters in common indicate a lack of significant difference).  
 
Among all stand structure variables measured tree density appeared most dissimilar between 
treatments; however, the higher mean density of stems (<6 cm dbh) in mature pine-leading stands, 
recorded as 1738 stems/ha (± 348), was not statistically different from the mean number of stems 
observed in any other late-seral forest type (e.g., 850 stems/ha [± 131 stems/ha] in moist non-pine-
leading sites). 
 
Tree basal area was also found to be greatest overall in mature pine-leading stands with a combined 
(moist and dry site) average of 39.6 m2/ha (± 4.0); this compared to a combined average of 30.6 
m2/ha (± 1.6) among late-seral non-pine-leading stands. The inverse relationship was observed 
between forest type mean tree diameters, which showed slightly greater average tree diameters in 
non-pine-leading stands (19.9 cm dbh ± 1.1 versus 17.4 cm dbh ± 0.3).  
 
Stand age was greatest among moist non-pine-leading stands (154 years ± 28). The overall average 
stand age in late-seral pine-leading stands was determined to be 107 years (± 12) but was generally 
variable (late-seral was defined as >70 years old); therefore did not appear significantly different 
between forest types (F1,16 = 0.978, p =0.436) in this investigation.  
 
Mean stem density of saplings (<6 cm dbh) recorded on moist pine-leading sites (2606 stems/ha ± 
1488) was more than double the combined (moist and dry site) mean stem density recorded on all 
non-pine-leading sites (1293 ± 549 stems/ha); however, this was not found to be significantly 
different (Table 4). 
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Table 4.  Means stand structure characteristics (± SE) of late-seral pine and non-pine-leading stands. 
Stand 
Characteristics 1 

 
Pine-leading stands 

 
Non-pine-leading stands F1,16

 2 p 
 

Dry Moist Dry Moist 
 

 
Trees 3 (>6cm dbh)           
  Basal area 5 (m2/ha) 43.7 a  ±5.0 35.4 a ±6.2 30.7 a ±2.8 30.5 a ±1.9 2.046 0.161 
  Density 4 (trees/ha) 1738 a ±347.7 1112 a ±174.5 1150 a ±203.4 850 a ±153.4 2.595 0.101 
  Diameter 6 (cm) 17.4 a ±1.8 19.0 a ±1.3 18.1 a ±1.5 20.6 a ±1.5 0.788 0.524 
Canopy trees 7        
  Height 8 (m) 20.5 a ±2.5 22.0 a ±2.0 18.4 a ±1.1 20.9 a ±2.6 0.486 0.699 
  Diameter 9 (cm) 24.4 a ±3.5 27.1 ab ±1.5 25.0 a ±0.9 34.1 b ±1.3 4.600 0.023 
  Age 10  (years) 107 a ±7 108 a ±24 103 a ±31 154 a ±28 0.978 0.436 
        
Saplings 11        
  Density <6 cm dbh 212 a ±112 2606 a ±1487 656 a ±431 1931 a ±973 1.465 0.273 
        
Seedlings 12        
 Stem density  50 a  ±50 225 a ±95 0 a ±0 225 a ±165 1.419 0.285 
           

1 Average stand characteristics (± std. error) in pine-leading (>70% PL) and non Pine-leading (<30% PL) stands calculated from 4 replicates in each 
2 Analysis of Variance (ANOVA) with Tukey’s pairwise comparisons; small characters (in the body of the table) in common indicate a lack of 
significant difference. 
3 All stand trees >6 cm in diameter at breast height (dbh = 135 cm); tallied within 11.28 m radius plot 
4 Calculated number of stems >6 cm dbh per hectare 
5 Mean diameters of all trees measured at breast height  
6 Mean basal area calculated using π (½ dbh)2; totaled for all trees tallied within the 11.28 m plot  
7 Canopy data is average of three randomly selected dominant/co-dominant trees in each plot 
8 Average heights of selected canopy trees  
9 Mean diameters of selected canopy trees   
10 Mean ages determined from tree core samples from selected canopy trees 
11 Mean sapling stem counts (<6 cm dbh) tallied within the 11.28 m radius plot 
12 Mean seedling stem counts (<10 cm in height) tallied within the 5.64 m radius plot 
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Analysis of tree species abundance and richness revealed substantially different canopy 
compositions between pine-leading and non-pine-leading stands and ecotypes. Tree species 
diversity was generally higher within non-pine-leading stands with the highest tree species 
richness (six species) recorded on dry ecosites (Figure 8).   
 

Figure 8.  Tree species canopy composition of late-seral pine-leading and non-pine-leading stands 
on moist and dry ecosites. 
NOTE: (PINUCON is Pinus contorta, PICEAX is Picea engelmannii x glauca, PICEMAR is Picea mariana,  
ABIELAS is Abies lasiocarpa, PSEUMEN is Pseudotsuga menziesii var. glauca and POPUTRE is Populus 
tremuloides). a) and b) are pine-leading and c) and d) are non-pine-leading.  

 

 

Both moist and dry non-pine-leading sites were composed of greater than 70% spruce tree 
species (PICEAX and PICEMAR) whereas pine-leading stands were all composed of greater 
than 70% lodgepole pine (PINUCON). 
 
The distribution of wildlife tree classes (WTC) among canopy trees in both moist and dry site 
types revealed noticeable differences in the proportions of live and dead trees in pine-leading 
and non-pine-leading stands (Figure 9). Overall, pine-leading stands show considerably 
higher proportions of standing dead trees (WTC classes 3-9) and was most pronounced in dry 
sites. The greatest proportion of healthy live trees (WTC class 1-2) was observed within non-
pine-leading stands on both moist and dry ecosites.  
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Figure 9.  Distribution of wildlife tree classes among trees in stands within pine-leading and 
non-pine-leading late successional stands in moist and dry areas of the Fort St. James and 
Vanderhoof FD.  
NOTE: a) and b) are pine-leading, c) and d) are non pine-leading. For WTC definitions see Figure 3. 
 

 
 
 
 
 
A similar result was yielded by comparing the mean crown class values for pine-leading and 
non-pine-leading stands (Figure 10). Non-pine-leading stands showed noticeably higher 
proportions of Crown Class 1 and 2 than pine-leading stands, particularly on dry sites. Trees 
with Crown Class 3 and 4 represented a greater proportion of pine-leading stands overall (in 
both moist and dry sites).  
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Figure 10.  Crown class compositions for pine-leading and non-pine-leading late-seral stage 
stands within moist and dry ecosites; a) and b) are pine leading and c) and d) are non-pine-
leading. 
 
 
 

3.2 Coarse Woody Debris 
Coarse woody debris volumes for all pine-leading stands (of the various seral stages) were 
presented in the year one report of this project (see MCA 2007). In this report only novel 
comparison of CWD volumes are presented between late-seral pine-leading and non-pine-
leading stands.  
 
 
Non-pine-leading Stands vs. pine-leading Stands 
A combined total CWD volume of 510.9 m3/ha was measured in all late-seral non-pine-
leading stands in this investigation. The mean volume of CWD within each of the non-pine-
leading stands was 63.86 m3/ha (± 14.3). This compared to a total volume of 276.6 m3/ha and 
a mean volume of 34.58 m3/ha (± 12.4) recorded within pine-leading stands. Mean CWD 
volume comparisons made between the various CWD size classes (7.5 cm to 19.9 cm, 20-30 
cm, and 30+ cm) revealed significant differences between forest types and ecotypes for all 
size classes (Table 5) except the smallest size class (7.5 – 19.9 cm).  
 
Total CWD volume was greatest within moist non-pine-leading stands and was determined to 
be significantly higher overall, as well as for both the medium (20 cm – 30 cm) and large 
CWD size classes (Table 5). The next greatest total volume of CWD was recorded in dry 
pine-leading stands but this was not significantly greater than dry non-pine-leadings stands. 
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Table 5.  Mean coarse woody debris volume (m3/ha ± S.E.) by size class in late-seral pine-
leading and non-pine-leading stands.  
CWD Class 1 Treatments2 F1,16 p3 
 Pine-leading Non-pine-leading   
 Dry Moist Dry Moist   
7.5 cm – 19.9 cm  43.7 a ± 16.7 13.1 a ± 7.3 18.8 a ± 8.9 35.5 a ±  3.6 1.875 0.188 
20.0 cm – 30 cm   8.1 ab ±  5.4  4.2 a ± 3.0 14.8 ab ± 6.7 34.5 b ± 10.0 3.941 0.036 
>30 cm   0.0 a ±  0.0  0.0 a ± 0.0     1.9 a ± 1.9 22.2 b ±  8.5 6.086 0.009 
Total Vol. 51.9 a ± 21.2 17.3 a ± 8.4 35.5 ab ± 14.7 92.2 b ± 14.3 4.341 0.027 

1Size class groupings defined by the diameter of CWD piece size that occurred along the sample transect   
2Treatment: mean CWD volume data for late-seral (>70 years) pine-leading (>70% PL) and non-pine-leading 
(<30% PL) stands on moist and dry ecosites 
3p-values derived from ANOVA comparisons 

 
 

Overall the average CWD piece size was greatest in non-pine-leading stands (16.43 m3/ha ± 
0.50) and was found to be significantly higher than within pine-leading stands (12.20 m3/ha ± 
0.27) (p= 0.001). The mean decay class (2.76 ± 0.1) and overall average piece length (2.74 m 
±0.1) did not significantly differ between forest type or ecosite. Notable differences in CWD 
volumes between moist and dry sites within the two forest types are seen in Figure 11.  
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Figure 11.  CWD piece sizes (± S.E.) found in moist and dry treatments within late successional pine-
leading and non pine-leading stands.  
NOTE: CWD size classes are defined by piece diameter: small (7.5-19.9 cm), medium (20-30 cm), and large (>30 cm). 
 

 
 
Within moist sites, non-pine-leading stands showed higher CWD volumes for each piece size 
class with significantly higher volumes for medium and large size classes. For dry sites, the 
opposite trend was observed with higher CWD volumes in pine-leading stands for the small 
CWD piece size class; however it was not significantly different than in non-pine-leading 
stands.  
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3.3 Understorey Vegetation 
Overall, 132 species of plants were detected within the project area. For complete results on 
understorey vegetation found throughout pine-leading stands of the various seral stages see 
MCA 2007. Here the focus is on novel comparison between late-seral pine-leading and non-
pine-leading stands only.  
 
Within late seral pine and non-pine-leading stands, 89 species were detected in total. This 
included seven tree species, 25 shrubs species, 45 herbaceous species, four club-moss 
species, five species of bryophytes, one species of fern and two species of horsetails 
(Appendix E). Of the total number of species, 61 were found in two or more of the study 
sites and 17 were detected in at least half of the study sites. Among the most common species 
occurring were prickly rose (Rosa acicularis), bunchberry (Cornus canadensis), twinflower 
(Linnaea borealis) and red stemmed feathermoss (Pleurozium schreberi).  Of the 89 species 
recorded, 73 species were found in moist sites and 68 were found within dry sites; 53 species 
were common to both moist and dry.  

 
A total of 64 species were found within pine-leading stands; of those, 21 were exclusive to 
this forest type. Sixty-seven species were found within non-pine-leading stands and of those, 
23 were exclusive to non-pine-leading stands.  

 
Twenty-six species were recorded only once during the project and were considered 
uncommon. Fourteen of these uncommon species were found within pine-leading stands 
whereas 12 were found on non-pine-leading-stands. Both forest types had eight uncommon 
species recorded within moist sites. 
 
Overall plant species richness did not significantly differ between pine and non-pine-leading 
site on either dry or moist ecosites. However, 14 common species (found in >4 sites 
throughout the project area) were detected in pine-leading stands only and six common 
species were found exclusively within non-pine-leading stands.    
 
Some of the most common species exclusive to non pine-leading stands included black 
gooseberry (Ribes lacustre), sweet scented bedstraw (Galium triflorum), arctic lupine 
(Lupinus arcticus) and bog cranberry (Vaccinium oxycoccos). The most common species 
found exclusively within pine-leading stands included Saskatoon (Amelanchier alnifolia), 
rattlesnake-plantain (Goodyera oblongifolia), ground cedar (Lycopodium complanatum) and 
pyramid spirea (Spiraea pyramidata). 

 
A comparison of relative species abundance (represented by cover values) between forest 
types and ecotypes (moist vs. dry) revealed slightly greater relative species abundance for all 
plant groups (tree, shrubs, herbs and bryophytes) in pine-leading stands than in non-pine-
leading stands. However, only bryophyte cover was found to be significantly higher within 
pine-leading stands and was consistent for both moist and dry ecotypes (Figure 12).  
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Figure 12.  Average plant species cover (± S.E.) for late-seral pine-leading and non-pine-
leading stands within moist and dry areas. Percent cover values for trees, shrubs, herbs and 
bryophytes are presented as m2/ha. 

 
 
No significant differences were found between the most common species and ecotypes 
(moist and dry) of each forest type (pine and non-pine-leading). This justified combining the 
species cover values of the two ecotypes for overall forest type comparisons (Figure 13). 
Among the 10 most common species only twinberry (Lonincera involucrata; LONIINV) and 
one-sided pyrola (Pyrola secunda; PYROSEC) appeared to be significantly different (p= 
0.0171; and, p=0.0234, respectively) in coverage; both species were more common in non-
pine-leading stands. 
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Figure 13.  Mean cover values (± S.E.) for the 10 most common plant species within late-seral pine-leading and 
non-pine-leading stands; moist and dry replicates combined. For species 7-letter codes see Appendix E. 
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3.4 Small Mammals  
A total of 389 small mammals representing seven different species were captured over 3840 trap 
nights (40 sites x 32 traps/site x 3 nights/trap) from 1 June to 29 July 2007 (Table 6). Twenty-
three of these (or 5.9%) were re-captured individuals. Southern Red-backed Vole (Clethrionomys 
gapperi, CLGA) was the most abundant mammal trapped, representing 61.8% (241 individuals) 
of total captures.  This was followed by Deer Mouse (Peromyscus maniculatis, PEMA) with 
32.4% (126), Meadow Vole (Microtus pennsylvanicus, MIPE) with 3.1% (12 individuals), Long-
tailed Vole (Microtus longicaudus, MILO) with 1.0% (four individuals), and Common Shrew 
(Sorex cinnerus, SOCI) with 0.8% (three individuals).  Two other mammal species together 
made up less than 1% of total captures: Snowshoe Hare [Lepus americanus, LEAM]- 0.5%), and 
Red Squirrel [Tamiasciurus hudsonicus, TAHU]- 0.2%.  
 
The number of small mammals captured on any one project site in 2007 ranged from 0 to 36.  
The average capture abundance was 9.7 (±1.3) per site. The overall capture rate in 2007 was 
calculated to be 10 captures for every 100 trap nights of effort.   
 
 
Table 6.  Total small mammal species abundances recorded in 2007 by treatment type (early, 
mid, late-seral pine-leading stands, wildlife tree patches, and late-seral non-pine-leading stands). 

1 For species 4-letter codes see Appendix G. 
2 Pine-leading stands included early-seral (<20 years), mid-seral (20 to <70 years), late-seral (>70 years), and 
wildlife tree patch (WTP; >70 years old) project sites. 
 
 
In 2006 a total of 724 small mammals trap events, also representing seven different species were 
recorded over 3072 trap nights (32 sites x 32 traps/site x 3 nights/trap) from 26 July to 17 
September (Table 7). Seventy-five (or 10.4%) of the trap events were previously recorded 
individuals. The Southern Red-backed Vole (CLGA) was the most abundant species captured 
(518 individuals; or 71.6% of all captures); 67 of these (or 12.9% of all CLGA captures) were re-
captured individuals. Deer Mouse (PEMA) was caught 138 times (representing 19.1% of all 
captures). Six PEMA captures (or 4.3% of all PEMA) were previously recorded individuals. 
Meadow Vole (MIPE) with 41 recorded captures (2 were re-captures) represented 5.7% of 
overall total captures. Common Shrew (SOCI) was the only other species to represent more than 
1% of total trap events with 16 individuals caught (or 2.2% of all small mammals caught). Red 
Squirrel (Tamiasciurus hudsonicus, TAHU); Short-tailed Weasel (Mustela erminea, MUER); 

SPECIES 1 Pine-leading stands 2 Non-Pine 
Leading TOTALS 

 Early-seral Mid-seral Late-seral WTP Late-seral  
       

CLGA 27 46 65 58 45 241 
PEMA 58 17 9 30 12 126 
MIPE 7 2 2 1 0 12 
MILO 1 0 1 2 0 4 
SOCI 0 0 0 3 0 3 

LEAM 2 0 0 0 0 2 
TAHU 0 0 0 0 1 1 
Totals 95 65 77 94 58 389 
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and Flying Squirrel (Glaucomys sabrinus, GLSA) combined represented less than 2% of all 
captures.  
 
Table 7.  Total small mammal species abundances recorded in pine-leading treatment types 
(early, mid, late-seral pine-leading stands and wildlife tree patches) caught in 2006. 

1 For species 4-letter codes see Appendix G. 
 
 
The number of small mammals captured on any one project site in 2006 ranged from 0 to 68.  
The average number of captures per site was 22.6 (±2.7). The overall capture rate in 2006 was 
calculated to be 23.6 captures for every 100 trap nights of effort.   
 
The total number of juveniles as a proportion of total yearly mammal captures varied from 45% 
(323 juveniles; 267 CLGA, 42 PEMA, 14 MIPE) in 2006 to 15.7% (61 juveniles; 47 CLGA, 10 
PEMA, 2 MILO, 2 LEAM) in 2007. All juveniles were removed from the habitat element 
correlation analyses since resulting juvenile dispersals into sub-optimal habitats is thought to 
create potential variation in the habitat correlations that exist within adult (over-wintering) small 
mammal populations.  
 
Removing juveniles from the analysis, however, did not significantly alter the correlations 
between habitat elements and number of captures. Incidental captures (e.g., red squirrel, flying 
squirrel and snowshoe hare) were also removed as incidental captures were not representative of 
the small mammal community targeted in this investigation as their numbers were not 
quantifiably robust enough for inclusion.  
 

3.4.1 Abundances by treatment type  
Examination of small mammal captures by seral stage class, revealed no significant differences 
in total small mammals captures (Kruskal-Wallis = 2.68, p= 0.6129), CLGA captures (Kruskal-
Wallis= 2.47, p= 0.6498), PEMA captures (Kruskal-Wallis= 8.59, p= 0.0722), SOCI captures 
(Kruskal-Wallis= 8.21, p= 0.0843), or MIPE (Kruskal-Wallis= 7.70, p= 0.1033) captures.  No 
significant difference was detected between species richness by site between the five seral stage 
classes (Kruskal-Wallis = 7.4517, p= 0.1139).  
 
Similarly, no significant difference was detected between the dry and moist sites within the late 
seral stage class for total small mammal captures (Kruskal-Wallis = 0.40, p= 0.5271), CLGA 

 
SPECIES 1 

 
Early-seral Mid-seral Late-seral WTP TOTALS 

      
CLGA 49 106 156 207 518 
PEMA 59 29 20 30 138 
MIPE 18 5 7 11 41 
SOCI 5 5 3 3 16 
TAHU 3 1 1 1 6 
MUER 1 0 2 1 4 
GLSA 1 0 0 0 1 
Totals 136 146 189 253 724 
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captures (Kruskal-Wallis= 0.04, p= 0.8330), PEMA captures (Kruskal-Wallis= 0.15, p= 0.7017; 
Table 8).   
 
Wildlife tree patch sites also exhibited a lack of difference between dry and moist sites for total 
captures (Kruskal-Wallis= 0.33, p= 0.5637), CLGA captures (Kruskal-Wallis= 0.33, p= 0.5614), 
PEMA captures (Kruskal-Wallis= 0.04, p= 0.8501), or SOCI captures (Kruskal-Wallis= 2.29, p= 
0.1306).   
 
Table 8.  Southern Red-backed Vole and Deer Mouse mean abundances in late-seral pine-leading 
and non-pine-leading stands in 2007. 

1 Only species found in greater than 25% of all project sites shown here. For 4-letter codes see Appendix G. 
 
 
No significant correlations between small mammal species and CWD volumes by volume class 
or CWD decay class were detected.  Weak negative correlations (-0.4452) between PEMA 
captures and basal area (m2/ha) of shrub cover, and between MIPE captures and stems per 
hectare in the plot (-0.4591), were detected. 
 
Results from the logistic regression models for the 2006 data were not conclusive. Although each 
species had only one model that outscored all others (Table 9), none of the variables included 
within these models substantially improved the ability to predict presence or absence of species 
within a plot (p > 0.05). In the case of the meadow vole for example, the best model was only 
able to properly classify (as present or absent) 10% more of the sampled plots, when compared 
to random assignment. 
 
Results from 2007 were slightly more informative. The better performing models for the red-
backed vole and the meadow vole, like for 2006, were not able to correctly predict presence or 
absence much better than random assignment. However, the top models for the deer mouse did 
contain predictive variables (Table 9). Three of the four models that were qualified as 
performing equally well using AIC included either seral stage or shrub cover as predictive 
variables; the best performing model included both of these variables. This model suggested that 
the probability of capturing deer mouse in any given plot increases with stand age and decreases 
with shrub cover density (Figure 14). The ability of this model to accurately predict presence or 
absence of deer mouse was relatively low, properly classifying only 15% more sites when 
compared to random assignment. 
 

Pine-leading Non-pine-leading Kw p SPECIES 1 
DRY MOIST Dry MOIST    

           
CLGA 10.5 ± 5.2 5.8 ± 2.8 5.3 ± 1.4 6.0 ± 1.7 0.04 0.8330 
PEMA 0.0 ± 0.0 2.3 ± 1.3 3.0 ± 1.8 0.0 ± 0.0 0.15 0.7017 
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Table 9.  Summary of logistic regression models predicting small mammal presence or absence at specific sites. Models are presented 
by increasing ∆AIC values and only models having AIC values differing by less than 2.00 (∆AIC < 2.00), when compared to the 
lowest value, are considered equally plausible. 

1 Asterix (*) indicates interaction between the two term

Year Species Predictors Model -2 log 
likelihood 

Parameters 
(K) AIC ∆AIC 

       
2006 Deer Mouse Global 21.33 11 43.33 0.00 
       
 Meadow Vole CWD, WTP, CWD * WTP1 32.62 4 40.62 0.00 
       
 Red-backed Vole Shrub cover, CWD, Shrub Cover * CWD 13.62 4 21.62 0.00 
       
2007 Deer Mouse Seral stage, Shrub cover, Seral stage * 

Shrub cover 46.70 4 54.70 0.00 

  WTP, Shrub cover, WTP * Shrub cover 47.57 4 55.57 0.87 
  WTP, Seral stage, WTP * Seral stage 48.12 4 56.12 1.42 
  Shrub cover, CWD, Shrub cover * CWD 48.59 4 56.59 1.89 
       
 Meadow Vole Global 10.92 13 36.92 0.00 
  Pine 33.62 2 37.62 0.70 
  CWD, WTP, CWD * WTP 30.62 4 38.62 1.70 
  Seral stage, Shrub cover, Seral stage * 

Shrub cover 30.72 4 38.72 1.80 

       
 Red-backed Vole WTP, Shrub cover, WTP * Shrub cover 30.88 4 38.88 0.00 
  Pine 35.99 2 39.99 1.11 
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Figure 14.  Probability of occurrence of Deer mouse within a plot (in 2007) in relation to Total 
shrub cover and stand Seral stage (Circle and solid line = Early and Intermediate; Triangle and 
dashed line = Late). 
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4. DISCUSSION 

4.1 Pine-leading forest structure  
The forest structure of pine-leading stands in this investigation appeared generally similar overall 
in moist and dry sites among similar age classes. Stand tending activities focused on timber 
production; particularly even-aged management appears to have reduced the spatial 
heterogeneity and compositional diversity of stands. Overall there was a high level of recent tree 
mortality throughout the project area as a result of the mountain pine beetle attack. Many of the 
young pine plantations as well as mid and late-seral stands and wildlife tree patches retained 
during salvage harvest operations are composed of great amounts of standing dead and dying 
trees. Although these stands likely represent future potential for large quantities of coarse woody 
debris recruitment, while they are still standing they may effectively maintain structural diversity 
that provides opportunity for utilization by wildlife occurring throughout the region (Bunnell et 
al. 2004; Fenger et al. 2006). In fact, wildlife tree classes most valued by wildlife (Class 6 – 9) 
were frequently recorded in late-seral pine-leading stands.  
 
Retention of legacies of individual live trees, dead trees, coarse woody debris, and patches of live 
forest is apparent across the managed pine-dominated landscape. Continued operational 
consideration to retaining decadent trees, wounding trees and inoculating trees with taprot fungi 
may further conserve and promote elements of biological diversity (Franklin et al. 1987; Carey et 
al. 1999). Thinning of stands with underplanting also appears to have good potential on many 
sites to enhance tree species diversity and accelerate canopy stratification and understorey 
development of spatial heterogeneity.  
 
As was observed in this investigation late-seral pine-leading forest types are often mixed with 
non-pine species that can represent variable amounts of healthy vertical structure. Generally 
mixed with other coniferous tree species, pine-leading stands also contained on occasion 
deciduous tree species such as trembling aspen. These cone and seed bearing trees are potential 
sources for wind dispersals and natural regeneration of adjacent clearings or within-stand 
openings. It was observed that large densities of coniferous advanced regeneration can be present 
within the understorey of pine-leading stands, especially on moist ecosites. This can be an 
important consideration for future stocking level requirements. Moist forest types were also 
found to generally contain higher numbers of uncommon plant species. 
 
Moisture regime appears to be an important determinant of shrub cover and composition. 
Furthermore, our initial assessment of wildlife tree class composition shows that moist sites 
contained more standing live lodgepole pine trees than dry sites (MCA 2007). Overall there was 
a relatively high level of plant species richness recorded within pine-leading stands throughout 
the project area. Plant structural characteristics that were associated with understorey plant 
communities were attributed mainly to shrub and herb-layer species cover. The herb-layer was 
generally described from ground level up to 1m in height, and the shrub layer up to 3 m in the 
understorey. Herb layer species are predominantly seen at ground level up to 10 cm and from 10 
cm up to 1 m or more in height. Some common ground level herbaceous species recorded in 
pine-leading stands include Bunchberry (Cornus canadensis) and Wild Strawberry (Fragaria 
virginiana). Herbaceous species which are found between 10 cm and 1 m height include 
Fireweed (Epilobium angustifolium), as well as species such as lilies, orchids and asters.   
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4.2 Non-pine-leading forest structure  
Non-pine-leading stand were generally seen to be less dense and more structurally diverse than 
pine-leading stands overall. The structural diversity of healthy late-seral non-pine tree species 
and associated advanced regeneration were prevalent throughout the Sub-boreal Spruce zone in 
the project area. The overall volumes of coarse woody debris and understorey plant community 
richness and abundance appear somewhat greater than in pine-leading stands; especially on most 
sites. Similar to pine-leading stands late-seral non-pine-leading stands on moist ecosites appear 
to have the greatest occurrence of plant species richness including many uncommon plants that 
were found only within non-pine-leading sites. 
 
The non-pine-leading stands in this investigation were composed of up to six tree species 
including black, white and hybrid spruce, Douglas-fir, sub-alpine fir, trembling aspen, and 
lodgepole pine. A heathly canopy and crown closure was reflected in the high proportion of 
wildlife tree and crown class 1 and 2 observed in non-pine-leading stands on moist and dry 
ecosites. Non-pine-leading stands had similar proportions of higher tree classes (WTC 5 and 
greater) as late-seral pine-leading stand types. The greater proportion of recently killed canopy 
trees observed within moist non-pine-leading (compared to dry non-pine-leading) sites was 
consistent with the relative proportion of lodgepole pine, which was observed to be greater 
among moist sites.  
 
Coarse woody debris volumes recorded within the two largest piece size classes (20-30 cm and 
>30 cm) was consistently greatest in moist non-pine-leading stands. As well, the total volume 
and overall average CWD piece size were significantly greater in non-pine-leading stands. This 
was likely due to the significantly larger canopy tree diameters recorded in moist non-pine-
leading stands. As larger trees senesce and eventually die they become coarse woody debris 
observed in the understorey (Franklin et al. 1987). Moist ecosites in Central Interior B.C. 
generally have a natural disturbance regime cycle that is longer than the longevity of trees 
(Delong and Kessler 2000; Delong 2002). This facilitates the development of forest structural 
complexity that was observed in non-pine-leading stands of this investigation. 
 

4.3 Small mammals  
The small mammal fauna recorded here was typical of mature Sub-boreal Spruce forest, and 
forest regenerating following clearcutting (Sullivan et al. 2000 and 2001). Red-backed voles 
(CLGA) and deer mice (PEMA) were ubiquitous throughout the project area, and showed year-
to-year variation in abundance. The inability to detect significant relationships between small 
mammal abundances and richness and habitat elements likely reflects relatively homogeneous 
habitats in the project area. Although the sample included sites in three different seral stages, and 
late seral sites in both pine and non-pine-leading stands, all sites were located in a relatively 
small geographic area.   
 
Small mammal population levels can also experience large temporal fluctuations (e.g. Nordyke 
and Buskirk 1991, Schmid-Holmes and Drickamer 2001). In years with high numbers of 
particular species, individuals with be pushed into sub-optimal habitats that do not necessarily 
represent pattern of habitat use at lower population densities (Sullivan et al. 2005).  Since the 
results presented here in regards to small mammal habitat associations in the Prince George TSA 
are similar to year one of the project (MCA 2007), there is confidence that inter-year population 
variability is not confounding any small mammal – habitat structure relationships.   
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Although fewer animals were caught in 2007 compared to the same sites in 2006, the trapping 
effort was completed prior to the largest influx of juveniles into the population in mid to late 
summer.  Red-backed voles can have several litters in a breeding season (Banfield 1974), and 
dispersing young generally move away from optimal habitat as they become over-saturated by 
conspecifics.   
 
Associating small mammal presence – absence with specific habitat elements can be challenging, 
due to other sources of variation in habitat use. However, PEMA was found to have noticeable 
albeit weak preference for older stands with relatively low shrub cover. CWD has consistently 
been identified as a key habitat element for small mammals (e.g., Carey and Harrington 2001); 
however, in this investigation no such relationship was determined.  Bowman et al. (2000) also 
found no associations between two small mammal species and number of CWD pieces, but 
concluded that CWD was probably not limiting in that landscape, limiting the efficacy of habitat 
associations. 
 
Several studies have concluded that some mammal species, especially red-backed voles, are 
linked to old-forest conditions (e.g., Nordyke and Buskirk 1991, Sullivan et al. 2001).  However, 
other studies have reported no difference in small mammal populations between young managed 
stands and old-growth stands (e.g., Sullivan et al. 2005).  Overall, it appears that numerous 
factors influence small mammal habitat associations, and patterns are not consistent among 
different forest types. Sullivan et al. (2005) note that while CLGA may be associated with old 
forest conditions in moist forest types, this relationship may not hold true in drier forest types 
with lower densities of animals, as in the project area of this investigation. 
 
The diversity and abundance of small mammal communities have also been suggested as varying 
consistently in response to complexity of vegetation structure and absence of various 
compositional elements because spatial heterogeneity and compositional diversity 
(biocomplexity) in plant and fungal communities is prerequisite to pre-interactive niche 
diversification, animal community diversity and the ability of ecosystems to resist or recover 
from disturbance (ecosystem resilience) (Tilman 1996, 1999; Carey et al., 1999; Carey 2003). 
 
In this investigation only red-backed voles and deer mouse were captured in sufficient numbers 
for population trends to be realistically monitored. However, the amount of temporal variability 
(time of year) in capture rates combined with annual population cycles suggests that there are 
few statistical advantages to monitoring these species for trend, as very long time frames would 
be required to determined with confidence the existence of a decline. Given these limitations, the 
cost of conducting a broad-scale, long-term monitoring program based on small mammals to 
assess the sustainability of forest management cannot be justified on financial grounds. 
 
Notably there are other taxa that have proven utility as indicators for cost-effective monitoring of 
biodiversity (e.g., Waterhouse and Armleder 2007). Preliminary baseline data on forest 
songbirds and woodpeckers has been collected for the project sites in this investigation (MCA 
2008). Year one results corroborate other research (e.g., Mitchell et al. 2006; Drever et al. 2008), 
that suggests forest birds have tremendous potential to evaluate the long-term efficacy of forest 
management practices for sustaining species diversity and abundance. 
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Appendix A.  Map of pine-leading project sites in the Fort St. James Forest District. Outlined and numbered project 
areas denote survey site groupings.  
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Appendix B.  Map of non-pine-leading sites (grouping #4) along the Germansen-Hat FSR in the Fort St. James FD.  
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Appendix C.  Map of pine-leading project sites in the Vanderhoof Forest District.  
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Appendix D.  Map of non-pine-leading project sites (grouping #6) along the Blue FSR in the Vanderhoof FD.  
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Appendix E.  Vegetation species recorded within the project area of Fort St. 
James and Vanderhoof Forest Districts (2006 and 2007). 
 
TAXA-Code 1  Genus Species Common Name 
       
TREES     
ABIELAS Abies lasiocarpa Subalpine Fir 
BETUPAP Betula papyrifera White Birch 
PICEAX Picea engelmannii x glauca Englemann x White Spruce 
PICEENG  Picea engelmannii  Englemann Spruce 
PICEGLA Picea glauca White Spruce 
PICEMAR Picea mariana Black Spruce 
PINUCON Pinus contorta var. latifolia Lodgepole Pine 
POPUBAL Populus  balsamifera ssp. balsamifera Black Poplar (Cottonwood) 
POPUTRE Populus  tremuloides Trembling Aspen 
PSEUMEN Pseudotsuga menziesii var. glauca Douglas Fir (Interior) 
     
SHRUBS 2     
ACERGLA Acer  glabrum Douglas Maple *** 
ALNUCRI Alnus  crispa ssp. crispa Green Alder *** 
ALNUSIN Alnus crispa ssp. sinuata Sitka Alder *** 
ALNUTEN Alnus tenuifolia Mountain Alder *** 
AMELALN Amelanchier alnifolia Saskatoon *** 
ARCTUVA Arctostaphylos uva-ursi Common Bearberry * 
CHIMUMB Chimaphila umbellata Prince's Pine * 
CORNSTO Cornus  stolonifera Red-Osier Dogwood *** 
GAULHIS Gaultheria hispidula Creeping Snowberry ** 
JUNICOM Juniperus communis Common Juniper ** 
LEDUGRO Ledum groenlandicum Common Labrador Tea ** 
LONIINV Lonicera involucrata Black Twinberry ** 
OPLOHOR Oplopanax horridus Devils Club *** 
RIBELAC Ribes  lacustre Black Gooseberry ** 
RIBELAX Ribes  laxiflorum Trailing Black Current * 
ROSAACI Rosa acicularis Prickly Rose ** 
ROSAWOO Rosa woodsii Wild Rose ** 
RUBIDA Rubus idaeus Wild Red Raspberry ** 
RUBUPAR Rubus parviflorus Thimbleberry ** 
RUBUPED Rubus pedatus Five-Leaved Bramble * 
RUBUPUB Rubus pubescens Trailing Raspberry * 
SHEPCAN Shepherdia  canadensis Soopolallie ** 
SORBSCO Sorbus scopulina Western Mountain-Ash *** 
SORBSIT Sorbus  sitchensis Sitka Mountain-Ash *** 
SPIRBET Spiraea betulifolia Birch-Leaved Spirea ** 
SPIRDOU Spiraea douglasii Douglas Spirea ** 
SPIRPYR Spiraea pyramidata Pyramid Spirea ** 
VACCCAE Vaccinium  caespitosum Dwarf Blueberry * 
VACCMEM Vaccinium  membranaceum Black Huckleberry ** 
VACCMYR Vaccinium  myrtilloides Velvet-Leaved Blueberry ** 
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TAXA-Code Genus Species Common Name 
SHRUBS cont.     
VACCOVA Vaccinium  ovalifolium Oval-Leaved Blueberry ** 
VACCULI Vaccinium  uliginosum Bog Blueberry * 
VACCVIT Vaccinium  vitis-idaeus Ligonberry * 
VIBUEDU Viburnum  edule Low Bush-Cranberry ** 
VIBUOPU Viburnum  opulus High Bush-Cranberry ** 
     
HERBS     
ACHIMIL Achillea millefolium Yarrow 
ACTARUB Actaea rubra Baneberry 
AGROSCA Agrostis scabra Hair Bentgrass 
ANTEPUL Antennaria pulcherima Showy Pussytoes 
ARALNUD Aralia nudicaulis Wild Sarsaparilla 
ARNICOR Arnica cordifolia Heart-Leaved Arnica 
ASTECIL Aster  ciliolatus Fringed Aster 
ASTECON Aster  conspicuus Showy Aster 
ASTEMOD Aster  modestus Great Northern Aster 
CALACAN Calamagrostis canadensis Bluejoint 
CLINUNI Clintonia uniflora Queens Cup 
CORNCAN Cornus canadensis Bunchberry 
EMPENIG Empetrum nigrum Black Crowberry 
EPILANG Epilobium  angustifolium Fireweed 
ERIGACR Erigeron acris Bitter Fleabane 
FESTOCC Festuca occidentalis Western Fescue 
FRAGVIR Fragaria virginiana Wild Strawberry 
GALIBOR Galium boreale Northern Bedstraw 
GALITRF Galium trifidum Small Bedstraw 
GALITRI Galium triflorum Sweet Scented Bedstraw 
GEOCLIV Geocaulon lividum Northern Bastard Toadflax 
GERABIC Geranium  bicknellii Bicknell's Geranium 
GEUMRIV Geum rivale Purple Avens 
GOODOBL Goodyera oblongifolia Rattlesnake-Plantain 
HERALAN Heracleum lanatum Cow Parsnip 
HIERALB Hieracium albiflorum White Hawkweed 
HIERGRA Hieracium gracile Slender Hawkweed 
LATHNEV Lathyrus nevadensis Purple Peavine 
LATHOCH Lathyrus ochroleucus Creamy Peavine 
LINNBOR Linnaea borealis Twinflower 
LISTCHO Listera chordata Heart-Leaved Twayblade 
LUPIARC Lupinus arcticus Arctic Lupine 
MELALIN Melampyrum lineare Cow-Wheat 
MITENUD Mitella nuda Common Mitrewort 
MONEUNI Moneses uniflora Singles Delight 
OSMOCHI Osmorihiza  chilensis Sweet-Cicely 
PETAPAL Petasites palmatus Palmate-Leaved Coltsfoot 
PLATDIL Platanthera dilatata Fragrant White Bog Orchid 
PLATOBT Platanthera orbtusata One Leaved Rein Orchid 
PLATORB Platanthera orbiculata Round-Leaved Rein-Orchid 
POACEAE Poaceae ssp. Grass Family 
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TAXA-Code Genus Species Common Name 
HERBS cont.     
PLATDIL Platanthera dilatata Fragrant White Bog Orchid 
PLATOBT Platanthera orbtusata One Leaved Rein Orchid 
PLATORB Platanthera orbiculata Round-Leaved Rein-Orchid 
POACEAE Poaceae ssp. Grass Family 
POTEPAL Potentilla palustris Marsh Cinquefoil 
PYROASA Pyrola asarifolia Common Pink Wintergreen 
PYROCHL Pyrola  chlorantha Green Wintergreen 
PYROMIN Pyrola  minor Lesser Wintergreen 
PYROSEC Pyrola secunda One-sided Wintergreen 
SENETRI Senecio triangularis Arrowleaf Ragwort 
SOLICAN Solidago  canadensis Canadian Goldenrod 
SOLISPA Solidago  spathulata Mountain Goldenrod 
STREAMP Streptopus  amplexifolius Clasping Twistedstalk 
STREROS Streptopus  roseus Rosy Twistedstalk 
STRESTR Streptopus  streptopoides Small Twistedstalk 
THALOCC Thalictrum occidentale Western Meadowrue 
TIARTRI Tiarella trifoliata Foamflower 
VICIAME Vicia americana American Vetch 
VIOLADU Viola adunca Early Blue Violet 
VIOLCAN Viola canadensis Canadian Violet 
     
CLUB_MOSSES     
LYCOSEL Lycopodium selago Fir Clubmoss 
LYCOCOM Lycopodium complanatum Ground Cedar 
LYCOOBS Lycopodium obscurum Ground Pine 
     
MOSSES     
AULAPAL Aulacomnium palustre Glow Moss 
PLAGMED Plagiomnium medium Medium Plagiomnium Moss 
PLEUSCH Pleurozium schreberi Red-Stemmed Feathermoss 
POLYCOM Polytrichum commune Common Hair-Cap 
POLYJUN Polytrichum juniperinum Juniper Hair-Cap 
PTILCRI Ptillium  crista-castrensis Knight's Plume 
RHYTROB Rhytidiopsis  robusta Pipecleaner Moss 
THUIABI Thuidium  abietinum Wiry Fern Moss 
     
FERNS AND HORSETAILS    
     
ATHYFIL Athyrium filix-femina Lady Fern 
DRYOEXP Dryopteris expansa Spiny Wood Fern 
EQUIARV Equisetum arvense Common Horsetail 
EQUIPRA Equisetum pratense Meadow Horsetail 
EQUISYL Equisetum sylvaticum Wood Horsetail 
GYMNDRY Gymnocarpium dryopteris Oak Fern 
        

1 TAXA-Code refers to RISC VRI standard 7-letter codes 
2 Shrubs are delineated by height class where *** = tall shrubs (2-10m; RISC 2007), ** = low shrubs (30cm – 2m); 
* = dwarf shrubs (up to 30cm; MacKinnon et al.1999). 
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Appendix F.  Complete set of logistic regression models tested to predict 
presence or absence of small mammal species on specific plots.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1 Not included in 2006 
2 Asterix (*) indicates interaction between the two terms 
  
 
 

Model Identification  Predictors 
  
Global WTP, Seral stage, Moisture regime, Shrub cover, Pine1, 

CWD, CWD * WTP2, Moisture regime * WTP, Pine * WTP1, 
Moisture regime * CWD, Seral stage * Shrub cover, WTP * 
Shrub cover, CWD * Shrub cover 

  
1 CWD 
  
2 WTP 
  
31 Pine 
  
4 CWD, WTP, CWD * WTP 
  
5 WTP, Seral stage, WTP * Seral stage  
  
6 Moisture regime, WTP, Moisture regime * WTP 
  
71 Pine, WTP, Pine * WTP 
  
8 Shrub cover, CWD, Shrub cover, CWD 
  
9 Moisture regime, CWD, Moisture regime * CWD 
  
10 Seral stage, Shrub cover, Seral stage * Shrub cover 
  
11 WTP, Shrub cover, WTP * Shrub cover 
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Appendix G.  Small mammal species 4-letter codes and scientific names. 
4-letter Code Common Name Scientific Name 
   
CLGA Southern Red-backed Vole Clethrionomys gapperi 
GLSA Flying Squirrel Glaucomys sabrinus 
LEAM Snowshoe Hare Lepus americanus 
MILO Long-tailed Vole Microtus longicaudus 
MIPE Meadow Vole Microtus pennsylvanicus 
MUER Short-tailed Weasel Mustela erminea 
PEMA Deer Mouse Peromyscus maniculatis 
SOCI Common Shrew Sorex cinnerus 
TAHU Red Squirrel Tamiasciurus hudsonicus 
   

 
 


