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EXECUTIVE SUMMARY 
 
This report summarizes preliminary results of biodiversity investigations of pine stands. 
Research was conducted on relationships between forest structure and the presence of selected 
wildlife taxa.  In July 2006, study sites were established across managed forest landscapes of the 
Fort St. James and Vanderhoof Forest Districts.  The study focused on lodgepole pine (Pinus 
contorta var. latifolia) – leading stands that had been impacted by mountain pine beetle 
(Dendroctonus ponderosae Hopkins) to varying degrees.  In total, 32 study sites representing 
young, intermediate, and mature forest stands as well as wildlife tree patches were 
studied.  Forest stand structure, plant species community composition, coarse woody debris 
volumes and qualities, small mammal diversity and abundance as well as the presence of owls 
were assessed.  Further surveys are anticipated on small mammal, songbird and woodpecker 
populations in the spring of 2007. 
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INTRODUCTION  
 
Achievement of biological diversity conservation objectives requires forest managers, policy 
makers, and the public to have better information about the relationships between biodiversity 
and the structure of forest stands and landscapes.  At present, the results of numerous studies 
suggest that biological diversity is positively related to the structural and compositional 
complexity of habitats and that in general biodiversity is diminished when forest structures are 
simplified (Hansen et al 1991; Bunnell 1995; Spies 1998; Stelfox et al. 2000; Tews et al. 2004).  
However, few studies have evaluated these relationships at multiple spatial scales, from the stand 
through the landscape level, or within the context with large-scale disturbance events such as the 
present mountain pine beetle (Dendroctonus ponderosae, Hopkins) epidemic, which has rapidly 
altered the pine forests of central interior British Columbia. 
 
Although retention of forest structure in a natural range of variability is widely recognized as one 
approach to achieve biological conservation objectives (e.g., Franklin et al. 1997; DeLong 2002; 
PG SFMP 2006), the ecological impacts of the beetle outbreak and large-scale salvage harvesting 
on wildlife habitats and populations are uncertain (Chan-McLeod 2006).  This study examines 
plant and terrestrial animal species richness and abundance and combines this with an 
assessment of the influence of structural retention on habitat values and the persistence of plant 
and animal communities over time, with particular emphasis on the structural elements of pine-
dominated ecosystems.   Thus, across the affected landscape new priorities are being 
implemented to increase our understanding of the dynamics of the mountain pine beetle 
infestations within current ecosystem processes.   
 
Characterization of lodgepole pine (Pinus contorta var. latifolia) forests and associated habitat 
values for plant and animal species diversity attempts to address conservation planning 
objectives and establish operational linkages to managing pine stands across the forest landscape 
of central interior B.C.  Quantifying forest structure details, including habitat elements such as 
understorey vegetation, species composition, dead and dying trees (wildlife trees), and downed 
woody debris measured through a range of seral stages provides baseline data required by forest 
tenure holders to develop best management practices during large-scale salvage operations in 
MPB-impacted stands.  Monitoring also allows the efficacy of biodiversity conservation to be 
tested in retained forest areas (e.g., wildlife tree patches) during salvage operations in Sub-Boreal 
Spruce (SBS) ecosystems (e.g., Bunnell et al. 2004). 
 
Habitat elements such as shrub cover and dead and dying trees and coarse woody debris (CWD) 
are structural elements recognized as important stand-level features for a range of species in 
managed forests (Hansen et al. 1991; Machmer and Steeger 1995; Spies 1998; Bunnell et al. 
2004; Manning et al. 2005; Fenger et al. 2006).  One-quarter of the vertebrate species (birds, 
small mammals, amphibians, and furbearers) in British Columbia depend upon wildlife trees 
(Stevens 1997; Bunnell et al. 2004; Fenger et al. 2006), and CWD for nesting, roosting, foraging, 
and shelter or as travel routes throughout their respective territories (e.g., Proulx and Kariz 2000; 
Bull 2002).  CWD also provides a substrate for diverse species of invertebrates, fungi and lichen, 
and as it decomposes it returns elements back into the nutrient cycle of the soil and forest floor 
(Stevens 1997; Lofroth 1998).  Managing the structural elements retained across the harvested 
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landscape may be an effective approach overall to conserving species diversity (Noss 1990; 
McCleary and Mowat 2002).   
 
This project focuses on the relationships between forest structure and presences of selected 
wildlife taxa at stand and landscape spatial scales within the managed forest landscapes of 
Vanderhoof and Fort St. James Forest Districts of the Moist Interior Plateau in central interior 
B.C.  Furthermore, the study includes a range of successional stages, wildlife tree patches 
(WTP), and vegetation types, structures, and physiographic settings across study area.   
 

Project Objectives 
 
Objectives of the project include:  
 

1. Gathering of baseline data on selected taxa (plants, small mammals, owls, forest 
songbirds, and woodpeckers) and habitat elements in pine-leading stands of various site 
types (SBS moist and dry), and ages (early, mid and late seral stages);  

 
2. Assessing species richness of plants and selected wildlife species, stand structure, and 

levels of CWD in lodgepole pine stands impacted by mountain pine beetle and large-
scale salvage operations; and, 

 
3. Evaluating the conservation effectiveness of retaining late successional forest structure 

(e.g., wildlife tree patches) on plant and animal species richness and abundance across the 
harvested lodgepole pine landscape. 

 
 

General Forest and Wildlife Descriptions 
The Sub-boreal Spruce biogeoclimatic zone is located in the central interior of the province 
between 51˚ 30’ and 59˚ N latitude (Meidinger and Pojar 1991).  It is a montane zone occupying 
the rolling terrain of the Nechako and Fraser plateaus with elevations ranging 500-1300 m above 
sea level.  Forest cover consists primarily of lodgepole pine, 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).   
 
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 
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various forest structures defined by vegetation are often less tied to a particular species than to 
the structure of the habitat created by plants (Bunnell et al. 1999; Tews et al. 2004). 
 
The small mammal (voles, mice, shrews, squirrels, weasels) community in dry SBS forests is 
likely less diverse than many other BEC zones in British Columbia (MCA, unpublished data).  
However, small mammals provide an important prey base to many larger species, including 
raptors, mustelids, felids, and canids.  This community is dominated by 2 main species, the 
southern red-backed vole (Clethrionomys gapperi) and the deer mouse (Peromyscus 
maniculatus).  Partly due to their high fecundity, red-backed voles may be the most numerous 
mammals in B.C., and thus are a critical component of the food chain in many different 
ecosystems.  Several other small mammals are relatively common, including red squirrels 
(Tamascurius hudsonicus), common shrews (Sorex cinereus), meadow voles (Microtus 
pennsylvannicus), and short-tailed weasels (Mustela ermina). 
 
The songbird and woodpecker communities represent a significant proportion of the biological 
diversity of forested and non-forested landscapes throughout British Columbia.  In Central 
Interior BC over 90 songbirds and woodpecker species are known to occur, comprising 
approximately 70% of all the forest-dwelling terrestrial vertebrates (Bunnell et al. 2004).  The 
majority of woodpeckers and approximately 1/5 of all songbird species are year round residents 
in the Central Interior (Bunnell et al. 2004). 
 
Owls are a relatively reclusive taxon, and as such are rarely encountered during typical wildlife 
inventories.  Despite their low frequency of incidental detections, they are an important 
component of the avifaunal landscape in most forested ecosystems.  Owls have been labeled as 
indicator or umbrella species (e.g. Spotted Owl, see Simberloff 1998), or as having specific 
management guidelines (e.g. Great Gray Owl [Bouchart 1991], Spotted Owl [USDI 1992]).   
 
 

Management History 
Modern forest management and harvesting is increasingly complex and requires comprehensive 
guidance and monitoring protocol set within Sustainable Forest Management (SFM) plans.  The 
overall direction of forest management planning and operations with respect to the many 
identified biological values are defined as key elements necessary to achieve sustainable forest 
management over a long-term planning horizon.  Additionally, SFM plans often set the basis for 
meeting the requirements of independent third-party certification of forestry practices.  The 
Canadian Standards Association (CSA) is one of the certifying bodies operating in Canada 
(CSA, 2006).   The CSA Z809-02 Standard for Sustainable Forest Management sets out the 
requirements that must be met for forest companies to achieve CSA certification.  The SFMP is 
also the vehicle through which compliance with CSA Standard Z809-02 is demonstrated, as well 
as Canadian Forest Products Ltd’s (Canfor) own forestry principles (Canfor Ltd. 1999).   
 
Canfor has committed to the development of monitoring strategies to assess the success of forest 
management approaches in sustaining biological diversity on tenured landbase.  Both the 
Vanderhoof and Fort St. James Sustainable Forest Management (SFMP) plans use a criteria and 
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indicator framework to identify and manage for and maintain key environmental and 
socioeconomic values on the forest landscape.   
 
One of the criterion in the Canfor Sustainable Forest Management Framework states that 
“Biological richness and its associated values are sustained in the defined forest area (DFA).”  
Paramount to assessing this indicator is the development of monitoring strategies and appropriate 
measures (measurables) that can be used to assess the status of indicator species populations. 
 
Ecological sustainability of any forest management system requires an understanding of the 
influence of timber harvest on ecological processes and communities (Niemelä 2000; 
Lindenmayer et al. 2000).  The inherent difficulty in measuring and monitoring the biological 
complexity and diversity of ecosystems requires selection of taxa or taxonomic assemblages that 
may quantifiably demonstrate ecological responses to these factors (Kremen 1992; Bunnell and 
Dunsworth 2004).  In this context, a useful surrogate measure of biodiversity is species richness 
(Bunnell et al. 2003). 
 
Numerous authors have suggested that the selection of biological indicators should focus on 
components of diversity that: (1) are likely to respond to changes in forest landscapes both at the 
stand and landscape levels; (2) occur simultaneously in large number of species; (3) are 
relatively easy to survey; (4) can be surveyed at relatively low cost; (5) are well known with 
respect to their ecology; and (6) encompass a range of functional groups in the ecosystem (Noss 
1990; Kremen 1992; Niemelä 2000).   
 
The present magnitude and intensity of mountain pine beetle infestations and the scale of salvage 
harvesting is unprecedented.  As a result of current extensive infestations of the Mountain Pine 
Bark Beetle, annual allowable cuts have been substantially increased in the Prince George TSA 
to accommodate an efficient harvest and utilization of short-term timber values (Pederson 2004).  
However, it is recognized that this increase in harvesting must be balanced with maintaining 
other values of sustainable forest management (PG SFMP 2006).   
 
Stand level retention consists primarily of wildlife tree patches (WTPs) and riparian management 
areas (RMA).  Maintenance of forest structure through WTP retention is thought to contribute to 
conservation of ecosystem diversity by conserving a variety of seral stages, tree species, vertical 
forest structure, undisturbed forest floor, and unique habitat elements and features at the stand 
level.  These features may include coarse woody debris for cover, shrubs for browse, and live or 
dead standing trees for cavity sites. 
 
It is anticipated that the larger the cut block design, the more stand-level retention that will be 
associated with the block (Eng 2004).  However, salvage blocks may likely have reduced 
retention in relation to their size compared to non-salvage blocks due to diminished quality of 
stand level retention features (Tinker and Knight 2000, 2001).  Forest managers often speculate 
about the “quality and quantity” of biological diversity inhabiting lodgepole pine stands, 
particularly when the majority of stems have been killed by mountain pine beetle.  Similarly, 
questions about the soundness of mitigation measures such as the retention of WTPs of various 
size and composition in MPB-killed lodgepole pine landscapes have been contemplated (K. 
Deschamps, Canfor, pers. comm.). 
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EXPERIMENTAL DESIGN 
 

Study Area 
The Prince George Timber Supply Area (TSA) defines the area contained within three separate 
forest districts and eight delineated timber harvest “Supply Blocks”: Fort St. James (A, B, and 
C); Vanderhoof (D); and, Prince George (E, F, G, and H; Figure 1).   
 

 
Figure 1.  The Prince George timber supply area (TSA).  

 
 

The focus area of this study is the Moist Interior Plateau NDU in the Fort St. James (Supply 
Block C) and the Vanderhoof (Supply Block D) Forest Districts.  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 (MAP) data from long-term stations ranges from 481-727 mm, of which perhaps 
25-50% is snow (Meidinger et al. 1991; Banner et al. 1993). 
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METHODS 
 
This assessment of biodiversity and habitat elements in pine areas of the Moist Interior Plateau 
incorporates lodgepole pine-leading candidate sites from a range of seral stages, Biogeoclimatic 
(BEC) zone variants, forest stand compositions, patch sizes, and differing levels of mountain 
pine beetle infestation.  Our approach utilizes a stratified sampling protocol to accommodate 
spatially explicit replication of the sample population at the stand and landscape levels 
throughout the study area. 
 
Four treatments chosen for investigation represent the temporal variation in pine-leading stands 
present across the managed landscape (Table 1).  Early seral sites are those stands less than 20  
 
Table 1.  Study site types and treatment replication. 
Sample stand type Early Seral 

(<20 years) 
Mid. Seral 

(20≥70) 
Late Seral 
(70+ yrs) 

Retention 
areas (70+) 

 
Dry (SBSdk, dw3) 4 4 4 4 
Mesic (SBSmk1, mc2, 
mc3) 

4 4 4 4 

      32  Total
 
years in age; mid-seral are stands 20 to less than 70 years; and, late seral stands represent forests 
70 years and greater in age.  Retention areas, also 70+ years in age, are generally located in 
WTPs or RMAs adjacent to or within cut blocks.   
 
The focal BEC variants were the SBSmk1, SBSmc2, and SBSdw3 (in the Fort St. James FD); 
and the SBSmc3, SBSmc2, SBSdk, and SBSdw3 (in Vanderhoof FD).  
 

Site selection 
Candidate sites were spatially identified through a coarse filter analysis of Predictive Ecosystem 
Modeling (PEM) in combination with Vegetation Resource Inventory (VRI) and harvest block 
history and datasets provided by Canfor Ltd.  Candidate stands were randomly selected from a 
subset of spatial units (Supply Block C, Fort St. James; and, Supply Block D, Vanderhoof) 
within the Moist Interior Natural Disturbance Unit (NDU).  All candidate sites were located in 
the Sub- Boreal Spruce (SBS) zone and were lodgepole pine (Lp)–leading stands (≥60% Lp 
composition), of various micro-site moistures (moist and dry sub-zone variants), and ages (early, 
mid, and late seral) (Figure 2).   In order to maximize cost effectiveness of data collection, all 
identified candidates with poor road access were excluded from final site selections. 
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Figure 2.  Representative study sites (clockwise from top left) in early, intermediate, late seral, 
and WTP in dry stands, and late and WTP in moist areas of supply block C & D.   

 

Site set-up 
Standard National Forest Inventory (NFI) Ground Sampling guidelines were utilized in the set-
up of all study sites (NFI 2004; BC MSRM 2005).  A one hectare square (100 m x 100 m) 
defined the study plot used in each of 32 study sites (oriented in cardinal direction).  An 
integrated plot centre (IPC) was established at plot centre and a unique tag identifier, UTM 
coordinate, and plot name were recorded for each site.  For all early, mid, and late seral-stage 
stands the IPC was located a minimum of 50 m from edge of stand type.  Within all retention 
areas the IPC was situated so that > 50% of the study plot was contained within the tree patch.  
Distance and bearing from stand edge were recorded and tagged to a “tie-point” tree at roadside 
to facilitate field orientation and efficient navigation to and from each study site. 
 
Data collection 
 
Data obtained on all selected taxa was integrated at the stand level using the one hectare study 
plot.  Resource Inventory Committee Standards and National Forest Inventory data collection 
methodologies (RIC 1998a; 1998b; 1999a; 1999b; 2001; NFI 2004) were utilized for all taxa 
throughout the study.  Field data collection on plants, forest structural characteristics and small 
mammal communities was completed between 21 July and 14 September, 2006; and, nocturnal 
owl surveys from 6–16 March, 2007.  Forest songbird and woodpecker surveys and additional 
(Year 2) small mammal data collection, prior to juvenile dispersal, are planned for completion 
between early May and mid July, 2007.  
 
Presence/absence data on focal species groups (small mammals, owls, forest songbirds and 
woodpeckers) in sample stands represents fine-filter data at the stand level.  The quantification of 
stand structure attributes (standing dead and dying trees, understorey plant communities [herbs 
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and shrub cover], and coarse woody debris) represent medium filter data of habitat elements and 
wildlife cover across the managed forest landscape. 
 
Site classification and features were recorded at each study site.  Biogeoclimatic unit variants 
were determined using identified indicator plants at each site and appropriate regional field guide 
references for site identification and interpretation (Meidinger et al. 1991; DeLong et al. 1994; 
Beaudry et al. 1999).  Site features such as slope, aspect, surface shape, meso slope, and 
microtopography were assessed for all sites being described.    
 

Forest structure 
Within sample sites, forest structure attributes were assessed within a circular 11.28 m radius 
plot surrounding the IPC.  Species, diameter at breast height (dbh: 1.4 m above ground), decay 
class and crown class were evaluated for all live and standing dead trees ≥6 cm dbh.  The decay 
class of each tree was rated according to the provincial decay classification system for conifers 
(Figure 3).   
 
   LIVE  DEAD  
Decay 
Class  

1  2  3  4  5  6  7  8  9  

 

Figure 3.  Wildlife tree classification system for conifers (Wildlife Tree Committee of B.C., 
1997).   
 
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 
(Table 2) were associated with each tree whenever detected.  For trees with a dbh <6cm, species 
and abundance were recorded.  Any incidence of rot or fungus occurrence on trees within the 
plot was also recorded.   
 
Canopy layer age was determined by extracting tree cores from a minimum of three canopy trees 
(≥6 cm dbh) within the 11.28 m plot.  Where available, tree core samples (3) were also taken 
from the sub-canopy.  The average of three was used to calculate stand age.  Heights and 
diameters of all canopy and sub-canopy trees that were cored were measured using a clinometer.  
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Table 2.  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  

 

Understorey vegetation 
Within sample sites, understorey vegetation community data was quantified within two fixed 
radius plots surrounding the IPC (NFI 2004).  Plant species relative abundance was 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 
measured within the 11.28 m radius plot (Figure 4).  Species and percent cover were recorded 
for all forbs, mosses, and lichens.  Species, number of stems, height class and average height in 2 
classes (1 = <2 m, and 2 = 2-10 m), as well as % cover for all shrubs was evaluated.    
 
Percent cover of tree, shrub, herb, and bryophyte coverage values (m2/ha) were calculated using 
the % cover by area in order to make proportional comparisons of plant species abundance 
between site types and treatments.  Standard 7 letter codes for genus and species were used to 
record plant occurrences (e.g., GOODOBL: Goodyera oblogifolia).  All plant occurrences were 
recorded at the species level with the exception of grasses (Poaceae) and willows (Salix ssp.), 
which were recorded at the family and genus level, respectively.  All plant data was incorporated 
into richness tallies and comparisons between treatment types.  Only species that occurred in 
greater than 30% of sites were utilized for species-specific comparisons.   
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Coarse woody debris 
Coarse woody debris data was collected along 150 m of line-sampling transect, which was laid 
out as a 50 m equilateral triangle.  One corner of the triangle was situated on the IPC.  The 
orientation of the CWD transect within the 1 hectare study plot was determined by an initial 
random bearing away from the IPC (Figure 4).   
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Study site sampling scheme for forest structure, understorey vegetation and CWD data 
collection. 

 
Species (if 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 (Table 3). 

 
Table 3.  Decay classes for coarse woody debris (source: BC Ministry of Forests 1998). 

 CLASS 1 CLASS 2 CLASS 3 CLASS 4 CLASS 5 
 
   
 
 
 

WOOD 
TEXTURE Intact, hard 

Intact, hard to 
partially 
decaying 

Hard, large 
pieces partially 

decaying 

Small blocky 
pieces 

Many small 
pieces, soft 

portions 
PORTION 

ON 
GROUND 

Elevated on 
support points 

Elevated but 
sagging 
slightly 

Sagging near 
ground, or 

broken 

All of log on 
ground, 
sinking 

All of log on 
ground, partly 

sunken 
TWIGS 

<3CM (IF 
ORIGINALL
Y PRESENT) 

Present Absent Absent Absent Absent 

BARK Intact Intact, or Trace Absent Absent 

11.28 m 

5.64 m 
50 m

IPC 
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 π2 * Σ(d2) 
8 × L 

partly missing 
SHAPE Round Round Round Round to oval Oval 

INVADING 
ROOTS None None In sapwood In heartwood In heartwood 

 
 
Additionally, all measured CWD was assessed for potential use by wildlife and categorized into 
six different habitat function types (Keisker 2000; Table 4). 

 
Table 4.  Classification of CWD function as habitat for wildlife in the Sub-Boreal Spruce 
biogeoclimatic zone of British Columbia (adapted from Keisker 2000).  

Function  
Type  

Attributes  

1  Large, concealed spaces  
2  Small, concealed spaces (or soft substrate allowing excavation 

of such spaces) at or below ground level and beneath hard 
material  

3  Small, concealed spaces above ground level  
4  Long, concealed spaces (or soft substrate allowing construction 

of runways)  
5  Large or elevated, long material clear of dense vegetation  
6  Invertebrates in wood, under bark or in moss, litter or humus 

accumulated on and around CWD  
 
 
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). 

 
Volume of CWD by site was reported by 4 different volume classes, total volume, 7.5 – 19.9 cm 
volume, 19.9 – 29.9 cm, and > 30 cm volume.   
         
 
Wildlife Abundances 

Small mammals 
Small mammals were captured using Sherman live traps (Tallahasse, FL) and all trapping 
protocol followed RIC (1998b) inventory methods and animal handling guidelines.  Plywood 
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cover boards were placed over each trap to provide shelter from precipitation for trapped 
mammals.  In each trap, food, moisture, and insulation provisions were offered to capture 
mammals in the form of seeds, a small amount of peanut butter, and a piece of carrot rolled up 
into a piece of cotton.   
 
Within each 1 hectare study site a 25 m grid was overlaid to facilitate even distribution of small 
mammal trap stations across the study site.  A total of 16 trap stations were established with 
stations spaced 25 m apart (Figure 5).  Within 3 m of the trap station centre, 2 individual traps 
were placed in favourable micro-sites to optimize trapping effectiveness for a total of 32 traps 
per study site. 

 
Figure 5.  Arrangement of small mammal trapping stations (16) within the 1 hectare sample plot. 

 

Micro-sites often consisted of runways along or under pieces of coarse woody debris or in 
thicker vegetation (Figure 5). 
 

    
Figure 6.  Small mammal traps placed within 3 m of trap station location centre. 

 

100 m 

25 m 

25 m

IPC 
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The focus of small mammal trapping was primarily for mice (Peromyscus spp.) and voles 
(Microtus spp. and Clethrionomys spp.), although some incidental captures (e.g., Sorex spp.) 
were expected.   
 
Four study sites were trapped concurrently for a total of 6 nights per trapping session.  All traps 
were placed in sites and initially locked open for 3 nights to allow for accustomization by 
resident small mammals.  Traps were then set every evening for three consecutive nights at dusk 
and then checked every morning at dawn.  In order to reduce the risk of mortality, the amount of 
elapsed time between openings of traps in the evening and checking of traps in the morning was 
minimized and whenever possible did not exceed 10 hrs. 
 
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 in order 
to identify re-captures in subsequent trap nights.  All trapping was conducted according to 
WorkSafeBC safety protocols.  Traps were disinfected with a 10% bleach solution in between 
trapping sessions to eliminate disease transfer from one area to another, as well as for human 
safety during trap handling. 
 

Owls 
In recognition of the role that owls play in a forest community and the inherent difficulty in 
surveying for these birds, dedicated owl surveys were conducted during March of 2007.     
 
Owl surveys were conducted as near as possible to each of the 32 sites selected for vegetation 
and small mammal studies during the summer of 2006.  As owls defend large home ranges, and 
sites were generally situated less than 500 m from a roadway, call broadcasts were played near 
the tie points for each of the sites.  On 3 occasions, two sites were separated by less than 1 km 
(FSJ-01/FSJ-02, FSJ-04/FSJ-07, and VAN-07/VAN-08); below the recommended guidelines for 
interstation distance.  In these instances, one survey was conducted for both sites at a point mid-
way between the two. 
 
Additionally, access issues prevented sites FSJ-10, FSJ-11, FSJ-14, and VAN-09 through VAN-
12 from being surveyed.  The 3 FSJ sites all had other survey stations in the general area, but for 
sites VAN-09 through VAN-12, a survey was conducted at the closest possible point to these 
study sites (labelled VAN-A), as no other survey stations were near this vicinity.       
 
All surveys were focused towards the lodgepole pine-leading study sites, though additional 
habitats and forest structures (e.g. clearings, spruce stands, wetlands) were present in the 
surrounding landscape matrix.  Sites ranged in elevation from 823 to 1225 metres.   
 
Surveys generally followed protocols described in the Inventory Methods for Raptors (RIC 
2001).  These protocols consisted of multi-species call-broadcasts.  The species selected were 
ones known to be predominantly nocturnal or crepuscular, regularly breed in the north-central 
interior of BC, and respond to call-broadcasts of their species’ calls.  Five species fit these 
criteria: Northern Saw-whet Owl (Aegolius acadicus), Boreal Owl (Aegolius funereus), Barred 
Owl (Strix varia), Great Horned Owl (Bubo virginianus), and Great Gray Owl (Strix nebulosa).        
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CDs for call broadcasts were created with the territorial call for each of these 5 species.  Each 
owl species on the CD had 3 vocalizations lasting 20 seconds each (or with natural spacing 
between calls for species which do not call continuously), with 30 second pauses between each 
vocalization.  After all vocalizations of one species were played, there was a 5-minute period of 
silence during which surveyors listened for owl responses.  After these 5 minutes the next owl 
species was broadcast, and this sequence repeated until all species had been played and a final 5-
minute listening period held.  The series of broadcasts was from the smallest owl to the largest, 
following the order: Northern Saw-whet, Boreal, Barred, Great Horned, and finally Great Gray.  
Broadcasts were conducted using a standard portable CD-player and a 10-watt TOA ER-604W 
external compact megaphone (San Francisco, CA).  The speaker was pointed towards the centre 
of the study site, except in cases where 2 sites where surveyed simultaneously.  In these 
instances, one of each of the vocalization periods of a given species was directed at each site 
centre, and the third vocalization was aimed directly between the two sites.    
 
Surveyors waited approximately 2 minutes after arriving at a site before playing broadcasts to 
listen for owls calling spontaneously.  During this settling period, variables of time, site name, 
UTM coordinate, Beaufort Wind Scale, precipitation, cloud cover class, moon presence, and 
temperature were recorded.  If a detection occurred in this time period, that species was not 
broadcast for, unless one survey station was simultaneously surveying 2 sites.  Similarly, if any 
owl responded during broadcasts, playback for that species ceased, and a 1-minute time interval 
given before the next subsequent species was played.  After all species had been broadcast, 
surveyors waited 5 minutes to listen for any further detections.  One survey site took 
approximately 40 minutes if no owls were detected.           
 
These surveys adopted the recommendation of Takats et al. (2001) to use the species code 
“BARR” instead of “BDOW” (Barred Owl) in the field, to prevent confusion with “BOOW” 
(Boreal Owl). 
 

Songbirds and woodpeckers 
Birds are a key taxon in the studies of ecology, conservation, and biodiversity.  Their 
detectability and prevalence make birds an easy and cost-effective monitoring tool.  The range of 
species and genera, habitat requirements and general life-history strategies allow birds to be used 
as indicators in a broad array of situations.  Bird species richness, abundance, and density often 
vary with such factors as stand age and structure (Schieck and Song 2006).  Retention of late 
successional habitat elements in pine stands as well as the development of early and mid-seral 
stage forest structures could provide bird community with habitats throughout the Project Area.   
 
Point count survey methods for presence/not detected of forest songbirds will follow provincial 
Forest and Grassland Inventory methodologies (RIC 1999a).  Wildlife Tree/Sign Surveys 
techniques will also be utilized to determine relative abundance of woodpeckers (RIC 1999b).   
Each point count lasts for 5 minutes in duration and begins one minute after surveyor arrival at 
each point, allowing birds to return to “normal” behavior.  Point count surveys will be conducted 
from sunrise to 4 hours after sunrise. 
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In addition to species, sex, age and estimated distance and direction of detection from the centre 
of each survey point, surveyors record the date and start/end times, as well as weather data 
(cloud cover, cloud ceiling height, wind speed [Beaufort], temperature, and precipitation).  
Standard four letter codes were used to record all avian species detections (Preston et al. 2005).  
Estimated measures of bird distance from observer will be recorded in 50 m increments and 
species four-letter codes are placed on the tally sheets relative to adjacent stand features.  
Distance markings are delineated by five distance categories (DC1-5): DC1 = <50 m, DC2 = 51-
100 m, DC3 = 101-150 m, DC4 = 151-200 m, DC5 ≥200 m. 

 

Data analyses 
 
Statistix 8.0 (Tallahasse, FL) was used for all the following analyses.  Means were reported as ± 
the standard error.  We used Pearson’s correlations coefficients 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.  A one-way ANOVA was used to detect 
differences in small mammal capture among seral stage classes.  The assumption of equal 
variances was tested using Bartlett’s Test of Equal Variances.  Tukey’s HSD All-pairwise 
Comparisons Test was used to test for specific differences between distinct seral stage classes.  
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.   
 
 
A Kruskal-Wallis one-way non-parametric analysis of variance was used to detect differences in 
volumes among moisture regimes and among seral classes for each CWD volume class and also 
to detect for differences in number of pieces by moisture regime and seral class.  Relationships 
between CWD volumes and stems per hectare and square metre of tree coverage were examined 
using Spearman’s correlations.  A multivariate analysis of variance including independent 
variables of moisture regime, seral class, and stems per hectare by tree type to test for 
relationships with CWD volume was run.  All statistical tests were conducted at α =0.05.
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RESULTS 
 
A total of 32 sites were established in moist and dry pine-leading areas in the Fort St. James and 
Vanderhoof Forest Districts in 2006 (Table 5; Figure 7 and 8). 
 

 Table 5.  Description of pine-leading study plots in the Fort St. James and Vanderhoof Forest Districts.   
Elevation BEC BEC VRI Mean Plot           Treatment 1 

Number 
FSR 2 
Access 

 UTM 
Co-ordinates 3 (m) Aspect Sub-unit 4 Variant Age 5 Age 6 

FSJ01 L – M Teardrop  454123E 6028173N 825 NW SBSmk 1 94 74 
FSJ02 L – M Teardrop  454616E 6027590N 849 E SBSmk 1 70 76 
FSJ03 I – M Teardrop  458675E 6023605N 851 SE SBSmk 1 64 65 
FSJ04 I – M Teardrop  467717E 6024548N 869 W SBSmk 1 60 54 
FSJ05 E – M Tear-Chief  475562E 6025325N 849 E SBSmk 1 0 5 
FSJ06 E – M Tear-Chief  477569E 6023266N 848 E SBSmk 1 10 7 
FSJ07 P – M Teardrop  467799E 6023470N 818 N SBSmk 1 75 79 
FSJ08 I – M Teardrop  462296E 6024582N 847 SE SBSmk 1 60 51 
FSJ09 P – M 400 Rd  466112E 6035664N 846 NW SBSmk 1 145* 146 
FSJ10 E – M 428 Rd  469380E 6039164N 847 E SBSmk 1 0 9 
FSJ11 L – M 428 Rd  469169E 6039734N 831 N SBSmk 1 165 177 
FSJ12 E – M 400 Rd  471464E 6035936N 851 NE SBSmk 1 1 11 
FSJ13 I – D German-Hat  417551E 6069981N 880 N SBSdw 3 43 26 
FSJ14 E – D B Rd  418462E 6072366N 873 N SBSdw 3 0 18 
FSJ15 P – M German-Hat  405193E 6073102N 870 SW SBSmk 1 144 109 
FSJ16 L – D German-Hat  410570E 6071551N 853 N SBSdw 3 114* 113 

VAN01 L – D Grizzly-22  457052E 5941336N 996 SW SBSdw 3 140 124 
VAN02 P – D Grizzly  463099E 5942169N 898 N SBSdw 3 85 82 
VAN03 E – D Grizzly  461856E 5941260N 988 SE SBSdw 3 0 19 
VAN04 P – D Grizzly-25  459845E 5940328N 988 N SBSdw 3 145 116 
VAN05 I – D Grizzly  458954E 5954474N 880 NE SBSdw 3 32 25 
VAN06 I – D Grizzly  460201E 5951841N 880 E SBSdw 3 24* 24 
VAN07 E – D Grizzly-5  454611E 5954480N 943 SW SBSdw 3 0 6 
VAN08 P – D Grizzly-5  454541E 5954209N 946 SW SBSdw 3 85 78 
VAN09 L – M Blue-6000  402656E 5900562N 1103 SW SBSmc 3 125 106 
VAN10 E – M Blue-6000  402040E 5899972N 1156 N SBSmc 2 0 3 
VAN11 I – M Blue-6000  402232E 5898014N 1171 NE SBSmc 3 93 70 
VAN12 P – M Blue-6000  400728E 5896166N 1230 SE SBSmc 3 145 123 
VAN13 I – M 500 Rd  366237E 5937423N 1009 SE SBSmc 2 22 21 
VAN14 L – D Marilla Main  363585E 5944991N 977 N SBSdk  110 99 
VAN15 P – D Marilla Main  367220E 5944518N 954 N SBSdk  105 92 
VAN16 L – D Marilla Main  364298E 5944940N 992 NW SBSdk  110 92 

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);  
5 Vegetation resource inventory (VRI) map data corrected to year of study (2006); “*”- denotes VRI age data taken from adjacent 
polygon; 
6 Age determined from increment cores of canopy and sub-canopy trees in residual trees areas of subplot; determined by seedling/sapling 
whorl counts in (Early Successional) plantations.  
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Figure 7.  Map of pine-leading study site in the Vanderhoof Forest District. 
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Figure 8.  Map of pine-leading study site in the Fort St. James Forest District.
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Forest Structure 
 
Comparisons made between moist and dry replicates of each seral stage revealed no significant 
differences and justified combining replicates for comparison of stand structural attributes across 
the range of seral stages.  As expected under the experimental design, several significant 
differences appeared across the range of seral stages, including mean basal area, which increased 
significantly with age across the treatments (F=17.9; p<0.0001).  Basal area ranked in the 
sequence (E)arly, (I)ntermediate, (L)ate and (P)atch (Table 6).  The greatest tree basal area (39.9 
± 4.0 m2/ha) was found in late seral stands, which was not significantly different from the basal 
area of wildlife tree patches (39.6 ± 5.0 m2/ha).  Although the mean diameter (35.3 ± 3.3 m), 
height (25.4 ± 1.9 m) and age (108 ± 9 years) of dominant and co-dominant tree were slightly 
greater overall in wildlife tree patches, the differences were not significant between the two 
oldest forest types in the study.   
 
Early and intermediate seral stage sites showed significant similarity among trees (>6cm dbh) 
measured.  Overall diameter of trees and age and diameter of dominant and co-dominant tree 
attributes were all statistically similar in early and intermediate seral stands.  However, the 
density of stems did appear significantly different (F=5.84; p=0.0031) with intermediate stands 
having a greater amount of stems >6 cm dbh. 
 
Late seral sites and wildlife tree patches both had tree characteristics (e.g., tree basal area, 
density, diameter) that were significantly different than early and intermediate sites.  All tree 
characteristics found in E and I were different then they were in L and P, except stem density, 
which was found to be similar between intermediate, late and wildlife tree patches.  
 
Both saplings (< 6 cm dbh) and seedlings did not show significant difference in stem density 
across the treatments (kw=1.27; p=0.736; and, kw=5.81; p=0.1211, respectively).  Sapling 
proportion of lodgepole pine stems did not differ significantly across all treatments (kw=2.13; 
p=0.3140).  Overall, the advanced regeneration (seedlings and saplings) averaged approximately 
80% pine.
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Table 6.  Characteristics of pine-leading stands (± SE) in the Fort St. James and Vanderhoof Forest Districts of 
central interior B.C.   
Stand 
Characteristics 1 

 
TREATMENTS 2 F / kw 13 p 

 
E I L P 

 
 

Trees 3 (>6cm dbh)           
  Basal area 5 (m2/ha) 4.14 a  ±2.7 27.88b ±3.9 39.90 c ±4.0 39.56 c ±5.0 17.9 < 0.0001 
  Density 4 (trees/ha) 397 a ±249.3 1672 b ±247.1 1425 b ±215.4 1016 ab ±207.4 5.84 0.0031 
  Diameter 6 (cm) 11.1 a ±0.2 13.9 ab ±0.2 17.4 bc ±0.3 20.0 c ±0.5 11.6 0.0001 
Canopy trees 7           
  Height 8 (m) 9.6 a ±0.5 16.7 a ±1.6 23.3 b ±1.2 25.4 b ±1.9 10.7 0.0002 
  Diameter 9 (cm) 15.7 a ±0.8 20.4 a ±0.6 28.2 b ±1.1 35.3 b ±3.3 19.4 kw 0.0002 
  Age 10  (years) 19 a ±0.7 44 a ±8.4 103 b ±11.6 108 b ±8.7 13.1 < 0.0001 
           
Saplings 11           
  Density <6 cm dbh 2519 a ±361.9 3346 a ±682.2 2859 a ±781.3 3369 a ±592.3 1.27 kw 0.7360 
  % PL 88.2 a ±21.2 88.4 a ±9.0 77.9 a ±16.9 63.6 a ±15.7 2.13 kw 0.3140 
           
Seedlings 12           
 Stem density  250 a  ±111.8 150 a ±80.2 137 a ±59.6 12.5 a ±12.5 5.81 kw 0.1211 
           

1 Average stand characteristics (± std. error) in pine-leading (>60% PL) stands calculated from 8 replicates in each of 4 treatments 
2 Treatment: E=Early Successional; I=Intermediate (mid-seral); L=Late Successional; P=Wildlife Tree Patch; E=<20 years; I=20–70 

years; L=>70 years; and, P=>70 years 
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 Basal area calculated using π (½ dbh)2; totaled for all trees tallied within the 11.28 m plot 
6 Diameter averaged for all trees measured at breast height 
7 Canopy data presented for three randomly selected dominant/co-dominant trees in every plot with trees >6 cm dbh 
8 Height averages of selected canopy trees  
9 Diameter averages of selected canopy trees   
10 Age averages determined from tree core samples from selected canopy trees 
11 Sapling stems <6 cm dbh tallied within the 11.28 m radius plot 
12 Seedling stems <10 cm in height tallied within the 5.64 m radius plot 

13 ANOVA with Tukey’s all pair-wise comparisons test (variables with normal distribution) and Kruskal-Wallis (non-parameter test of 
significance) with pair-wise comparisons completed on all variables (Statistix, version 8.01); kw superscript indicates non-normal 
data; α=0.05 used to test for significance.  Small characters in common indicate a lack of significant difference between treatment 
type
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Analysis of canopy species composition all showed stands contained at least 60% PL (Figure 9). 
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Figure 9.  Canopy species composition of pine-leading stands in intermediate, late, and tree patch 
sites in both moist and dry areas. (PINUCON is Pinus contorta). 

 

The proportion of non-pine species in the canopy appeared to increase with age, with 
proportionally less lodgepole pine in older stands.  Other tree species included hybrid interior 
spruce, subapline fir, Douglas-fir and trembling aspen. 
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A closer look at the lodgepole pine component of the canopy trees revealed trends in the 
distribution of wildlife tree classes (WTC) in both moist and dry site types (Figure 10).  
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Figure 10.  Distribution of wildlife tree classes among lodgepole pine trees in stands within 
intermediate, late, and tree patch sites in moist and dry areas of the Fort St. James and 
Vanderhoof FD. 
 
An increasing amount of decay among standing dead trees was detected over time with similar 
proportions of higher value WTC (6-9) seen in late and tree patch sites in both moist and dry 
areas.  The presence of higher decay class wildlife trees (WTC 6-9) was virtually absent from 
intermediate stands.  Class 1 and 2 trees decreased most notably with stand age in dry areas (i.e. 
older stand on dry sites had less class 1 & 2 trees).  Interestingly, the opposite trend was seen to 
occur on moist sites with an increasing proportion of healthy or unhealthy live pine trees with 
age, especially in tree patches.  WTC 3 represents “red-attack” mpb-impacted trees and this class 
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of tree showed a most remarkable proportional increase with age among pine-leading stands on 
dry areas.   
 
The standing live tree component (WTC 1 and 2) in pine-leading stands followed the trend seen 
in the canopy composition, which increased with age and non-pine species proportion of stands.  
The live tree component included a healthy understorey of advanced regeneration. 
 

Understorey Vegetation 
 
Overall a total of 109 species of plants were recorded throughout the Project Area.  This included 
47 herbaceous species, 34 shrub species, 12 tree species, 8 species of bryophytes, 3 club-mosses, 
3 species of ferns and 2 species of horsetails (Appendix 1).  Seventy-seven species out of the 
109 recorded were detected in two or more sites and 12 species (6 shrubs and 6 herbs) were 
present within at least half of the study sites (Appendix 2).  Among the most commonly 
occurring plants were prickly rose (Rosa acicularis), bunchberry (Cornus canadensis), birch-
leaved spirea (Spiraea betulifolia), twinflower (Linnaea borealis), and Bebb’s willow (Salix 
bebbiana).  Of the 109 plants species recorded, 101 were found in moist site types and 85 were 
found in dry areas.  Overall the species diversity between moist and dry site types was not 
significantly different however.  Sixty-six species were common to both moist and dry areas 
(Figure 11a).    
 
Thirty-one species were recorded only once during the study and were considered uncommon 
(Figure 11b).  Of the total number of uncommon species, 24 were recorded in moist and 7 were 
found in dry sites.   The greatest numbers of uncommon species were observed in moist early-
seral stands where 
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Figure 11.  Combined plant species richness in early, intermediate, and late seral stages 
and tree patch sites in moist and dry pine-leading stands. Species found in multiple plots 
are represented as a) common; and, species found only within a single plot are b) 
uncommon.     
 

13 species of plants were recorded.  This compares to only 2 species recorded in dry early-seral 
sites.  The next greatest occurrences of uncommon species was in moist tree patches with 7 
species.  No uncommon species were observed within dry tree patches. 
 
Plant structural characteristics associated with the understorey plant community can be 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 understory.  The herb layer 
can be subdivided into herbaceous species found predominantly at ground level up to 10 cm and 
those found from 10 cm up to 1 m or more in height.  Some examples of common ground level 
herbaceous species 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.   
 
Analyses of plant species richness across the successional gradient (early, intermediate, and late) 
showed several notable trends within the data.  On moist sites, shrub species richness was 
highest in early seral stands, and herbaceous plant species had the greatest occurrence in tree 
patches (Figure 12a).    
 
On dry sites, intermediate stands had the highest richness of both herbs and shrubs (Figure 12b).   
An overall trend in shrub and herbaceous plant species richness can be seen from intermediate 
through late seral stands to old forest tree patches in both moist and dry site types.  In moist sites 
shrub and herbaceous species richness increased with stand age.  Conversely, in dry sites, species 
richness decreased with stand age.   
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Figure 12.  Shrub and herbaceous plant species richness values in pine-leading stands 
within a) moist and b) dry sites in the Fort St. James and Vanderhoof Forest Districts. 
 

Similar successional trends for species richness by relative abundance were observed among all 
treatments for all plant species (Figure 13).   

 



MCA Ltd.        Pine Biodiversity Investigations in Supply Blocks C and D.     Year 1 Report – March 31, 2007 26

a) 

0.0

2000.0

4000.0

6000.0

8000.0

10000.0

12000.0

14000.0

Early  Intermediate  Late  Patch

Treatment Types (Moist)

Sp
ec

ie
s 

C
ov

er
 (m

^2
/H

a)

Trees
Shrubs
Herbs
Bryophytes

 

b)

0.0
2000.0
4000.0
6000.0
8000.0

10000.0
12000.0
14000.0
16000.0
18000.0
20000.0

Early  Intermediate  Late  Patch

Treatment Types (Dry)

Sp
ec

ie
s 

C
ov

er
 (m

^2
/H

a)

Tree
Shrub
Herbs
Bryophytes

 

Figure 13.  Average plant species cover in early, intermediate and late seral stages and tree 
patches within pine-leading stands in moist and dry areas. Cover values for trees, shrubs, herbs and 
bryophytes are calculated as m2/Ha. 
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Shrub cover increased in moist sites with age, and decreased in dry areas from intermediate 
through to mature tree patches.  Tree species cover was generally similar in all treatments and 
site types with the exception of moist tree patches, which had the greatest tree species cover.  
Herbaceous species cover was highest for tree patches within moist areas (Figure 13a).  Notably, 
bryophytes showed a similar increasing trend in cover abundance with age in both moist and dry 
areas.  The highest cover value for bryophytes was observed in tree patches within dry sites 
(Figure 13b).  
 
A comparison between late successional and recently harvested areas (early seral sites) of the 25 
most common plants revealed few trends for either moist or dry sites (Figure 14).  Within moist 
sites, 22 species were found in both early and late sites, and of these only fireweed (Epilobium 
angustifolia) showed a significant difference in coverage (p= 0.0143), which were most common 
in early successional sites.  No plants (n = 20) within dry sites had any significant difference in 
coverage between early and late sites.  Although average percent cover values appeared to show 
significant differences for numerous species between early and late sites, many calculated values 
were the result of small sample sizes (i.e., found within less than 30% of sites) and therefore did 
not indicate statistical significance. 
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Figure 14.  Average % cover for individual species in early and late seral stands within a) moist and b) dry 
areas.  See Appendix 1 for plant species codes. 

 
 

Individual species have unique ecological requirements and constraints, and some differences in 
coverage between treatment levels are expected.  For example, Viburnum edule had higher 
coverage values for dry sites compared to moist sites.  As well, early stands had greater percent 
cover than late stands within dry sites for this species.  Another plant, the herbaceous Clintonia 
uniflora, had higher percent coverage in late than in early stands within moist sites, and in tree 
patches, compared to late stands for both moist and dry sites.  Bryophytes appeared to have a 
greatest occurrence overall in late sites.   
 
A comparison of the 25 most commonly occurring plant species in late and tree patch treatments 
(moist n = 23; dry n = 21) revealed no significant differences (Figure 15).  Again it should be 
noted that although average percent cover values appear to show significant differences for 
numerous species between tree patches and late sites, many calculated values were the result of 
small sample sizes (i.e., found within less than 30% of sites) and therefore did not indicate 
statistical significance. 
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Figure 15.  Average % cover for individual species in late seral and tree patches within a) moist and b) dry 
areas.  See Appendix 1 for plant species codes. 
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Coarse Wood 
A total volume of 1485.7 m3/ha of coarse woody (CWD) debris was measured across all sites.  
There was an average volume of 46.43 ± 7.37 m3/ha per site.  When broken down into size 
classes of 7.5 cm to 19.9 cm diameter, 20-30 cm, and 30+ cm, there was a decline in volume as 
size class increased (Table 7).   
 
Table 7.  Mean volume (± SE) of coarse woody debris by size class 
 7.5 cm – 19.9 cm 20 cm – 29.9 cm > 30 cm. Total Vol. 
Mean (m3/ha)  28.14 ± 4.75 15.45 ± 3.71 4.40 ± 1.87 46.43 ± 7.37 

 
The average size of coarse woody debris pieces was 13.91 ± 0.20 cm in diameter, with a range 
from 7.5 to 42 cm.  The median length class for all coarse woody debris pieces was >10 m.   
 
There was no significant relationship found between CWD volume (at each diameter class) and 
site moisture regime or seral stage. 
 
A total of 818 pieces of coarse woody debris were measured across all sites.  There was an 
average of 25.56 ± 3.76 SE pieces per site.  Number of pieces of CWD per site ranged widely 
from a minimum of 3 to a maximum of 95.  Despite this range there was no significant 
relationship between the number of pieces and either moisture regime (wet or dry) or seral stage 
(early, intermediate, late, or tree patch).  Spearman’s rank correlation indicated that the number 
of pieces of CWD and volume of the 7.5 to 19.9 cm class were strongly correlated (0.95).  There 
was a moderate-weak correlation with the 20-29.9 cm volume-size class (0.58), and a weak 
correlation with the >30 cm volume-size class (0.20).   
 
Additional Spearman’s correlation test between any two variables not intimately connected 
showed a weak correlation between basal area of standing volume of trees (m2/ha) and the 7.5-
19.9 cm volume-size CWD class (0.38), 20-29.9 cm volume-size class (0.40), and number of 
CWD pieces (0.39).   
 
An exploratory multivariate analysis of variance testing each CWD volume against moisture 
regime, seral class, and stems per hectare by tree type, also revealed no significant results for all 
parameters.    There was no significant difference detected between CWD decay class and 
moisture regime. 
 

Small Mammals 
We captured 724 small mammals of 7 different species over 3072 trap nights (32 sites x 32 
traps/site x 3 nights/trap) from 26 July to 17 September.  Southern Red-backed Vole 
(Clethrionomys gapperi, CLGA) was the most abundant mammal trapped, at 71.6% (518) of 
total captures.  This was followed by Deer Mouse (Peromyscus maniculatis, PEMA) at 19.1% 
(138), Meadow Vole (Microtus pennsylvanicus, MIPE) at 5.7% (41), and Common Shrew (Sorex 
cinnerus, SOCI) at 2.2% (16).  Three other mammal species each made up less than 1% of total 
captures (Red Squirrel [Tamiasciurus hudsonicus, TAHU]- 0.8%; Short-tailed Weasel [Mustela 
erminea, MUER]- 0.6%; Flying Squirrel [Glaucomys sabrinus, GLSA]- 0.1%). 
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The number of small mammals captured on any site ranged from 0 to 68.  The average number 
of captures per site was 22.6 (±2.7).  Small mammal species richness by site ranged from 5 to 0.  
The median value for species richness was 2.   
 
No significant correlations between small mammal species and CWD volumes by volume class 
or CWD decay class were detected.  Several weak correlations were observed including basal 
area (m2/ha) of vegetation class and basal area of tree cover (0.58) and common shrew captures; 
between total small mammal captures and basal area of herb cover (0.33), and between southern 
re-backed vole captures and basal area of herb cover (0.31).  Similarly, we detected some weak 
correlations between common shrew captures and stems density (sph) of Pl (0.34), density of Sx 
(0.42), and total tree stem density (0.44).   
 
Forty-five percent (323) of the total small mammal captures were juveniles (267 CLGA, 42 
PEMA, 14 MIPE).  Removing these from the analysis, however, did not significantly alter the 
correlations between habitat elements and number of captures.  We still, however, removed 
juveniles from the following analysis to reduce the variation resulting from juvenile dispersal.  
We also excluded any species that had fewer than 10 capture records.  All data was entered into 
an Access database, and then exported to Excel for exploratory analysis.  Statistix 8.0 
(Tallahassee, FL) was used for all other statistics reported. 
 
Examining small mammal captures by seral stage class (E=Early, I=Intermediate, L=Late, 
P=Patch), we found no significant differences in total small mammals captures (F= 0.35, p= 
0.7901), CLGA captures (Kruskal-Wallis= 3.12, p= 0.3729), PEMA captures (Kruskal-Wallis= 
4.59, p= 0.2039), SOCI captures (Kruskal-Wallis= 0.4412, p= 0.9316), or MIPE (Kruskal-
Wallis= 1.92, p= 0.5884) captures.  We did not detect any difference between small mammal 
species richness by site between the 4 seral stage classes (F= 1.12, p= 0.3581). 
 
Similarly, we could detect no significant difference between the dry and moist sites within the 
late seral stage class for total small mammal captures (F= 0.42, p= 0.5419), CLGA captures 
(Kruskal-Wallis= 0.53, p= 0.4678), PEMA captures (Kruskal-Wallis= 2.40, p= 0.1215), or SOCI 
captures (Kruskal-Wallis= 2.2857, p= 0.1306).  The exception was Meadow Vole captures 
(Kruskal-Wallis= 4.00, p= 0.0455), which were higher in dry sites.  Treed patches also exhibited 
a lack of difference between dry and moist sites for total captures (F= 0.06, p= 0.8171), CLGA 
captures (Kruskal-Wallis= 0.1898, p= 0.6631), PEMA captures (Kruskal-Wallis= 0.4375, p= 
0.5083), SOCI captures (Kruskal-Wallis= 2.2857, p= 0.1306), or MIPE captures (Kruskal-
Wallis= 0.5993, p= 0.4388).  
 

Owls 
A total of 14 individuals of 4 species were detected at 10 survey stations (0.61 owls/survey) 
(Table 8).   
 
Table 8.  Summary of Owl Detections 
Species No. of Individuals Sites Detected 
BDOW 6 FSJ-04/07, FSJ-08, FSJ-12, FSJ-16, VAN-05 
BOOW 2 VAN-A 
GHOW 5 FSJ-12, FSJ-16, VAN-02, VAN-07/08, VAN-13 
NSWO 1 VAN-01 
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Barred and Great Horned Owl had the highest number of detections (6 and 5 respectively).  Two 
of the Barred Owls are of a pair, and may be better considered as a single detection.  Barred and 
Great Horned were detected from the same survey station on 2 occasions.  Northern Saw-whet 
Owl and Boreal Owl were both only detected once from a single survey station, with multiple 
Boreal Owls being detected from that station. 
 
Species Specific Responses 
 
Barred Owl 
 
Barred Owls were detected in the vicinity of early, intermediate, late, and patch treatments, and 
in both moist and dry sites.  They were recorded on nights with temperatures from -2º C to +1º 
C, winds varying from Beaufort 0 to >3, and cloud covers of 0% to >50%.  They were found 
from elevations ranging from 827 m to 848 m.   
 
Barred Owls never responded to playback of a conspecific.  Rather, all Barred Owls detected 
were either first heard before survey commencement, or after another large owl species (i.e. 
Great Horned or Great Gray).  Sometimes Barred Owls became silent after playbacks began (i.e. 
after Northern Saw-whet Owl playbacks), re-vocalizing only in response to heterospecific large 
owls.  In some cases this may be due to the Barred Owl switching from a territorial to a 
predatory response after hearing the small owls, and then re-switching to a territorial response 
after detecting the large owls.  It is not known why the Barred Owls detected did not auditorially 
respond to conspecific playback.  It is possible that Barred Owls approached the surveyors, but 
did not respond during call-playback of conspecifics, and thus may still have been displaying a 
behavioural response to the stimulus.   
 
Barred Owls were also the most aggressive owl encountered, more closely approaching the 
surveyors, altering their vocalization patterns and increasing vocalization rate than any other owl 
species detected.  Great Horned Owls have been known to kill and eat Barred Owl; though their 
main diet consists mostly of mammals (Houston et al. 1998).  One might hypothesize that Barred 
Owls are thus responding to Great Horneds to acknowledge the predator’s presence and prevent 
a sneak-attack, a response similar to some small birds which approach and “mob” an avian 
predator, rather than fleeing.  However, the aggressive response to Great Gray (which seldom 
preys upon anything larger than a rodent) might suggest that Barreds are defending territories 
against any potential competitor, including larger, stronger species.  In other regions, Barred Owl 
has been known to displace Spotted Owls, a closely related, though less aggressive owl (Hamer 
1988).  Barred Owl was first detected in British Columbia in 1943, and since has spread 
throughout almost the entire province (Campbell et al. 1990).  This aggressivity may be a 
contributing factor of its successful establishment into new areas.  The reason behind the 
observation of Barreds responding to other large owl vocalizations is only speculative, but this 
observation could have implications for other owl inventories.         
 
Great Horned Owl 
 
Great Horned Owls were detected in the vicinity of early, intermediate, late, and patch 
treatments, and in both moist and dry sites.  Great Horneds were recorded on nights with 
temperatures from -5º C to +1º C, winds from 0 to >3, and clear to overcast skies.  They were 
found from 838 m to about 1000 m above sea level.  Great Horned Owls often were heard 
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vocalizing early in the call playback series (after Northern Saw-whet or Boreal Owl).  Unlike 
Barred Owl, Great Horned also was observed responding to conspecific calls.  On at least one 
occasion, Great Horned continuously called throughout the entire series of call playbacks and 
beyond.  It is likely that some of the responses detected were exclusive of the call playbacks.   
 
Northern Saw-whet Owl       
 
Northern Saw-whet Owl, despite being one of the most numerous breeding owl species in the 
north-central interior of British Columbia (Campbell et al. 1990), was relatively absent from this 
study.  It was only detected once out of 23 surveys.  The individual recorded responded at 
considerable distance to playback of its own species, on a night with no wind, no cloud cover, 
and a temperature of 0º C.  The habitat association was not known due to its distance, although 
the site being surveyed was late-seral, dry site (VAN-01) adjacent to a lake, and at an elevation 
of 1025 m.  The lack of detections from other surveys may reflect the timing of the surveys 
(potentially preceding the arrival of this species), a very low abundance of Northern Saw-whet 
Owls in the study area, or simply a lack of response from owls in the area.  Owls that had just 
recently returned to the region may not have had established territories yet.  If they were taxed 
from their migration, individuals may have chosen not to invest energy in territory establishment 
or courtship.   
 
Boreal Owl 
 
No Boreal Owls were detected from the study sites specifically.  A survey was conducted in the 
general area of sites VAN-09 through VAN-12 when access issues prevented the surveyors from 
travelling to the sites.  This survey detected a minimum of 2 owls (probably 3), and another 
exploratory survey for Boreal Owl about 2 km away from that location produced another 2 
Boreal Owls.  A couple habitat features in this area may account for these detections.  This area 
was at the highest elevation surveyed (1100 to >1200 m), and also contained a greater 
association of black spruce.  Boreal Owls are known to prefer higher elevation stands of 
Engelmann Spruce-Subalpine Fir, though will use lodgepole pine as secondary habitat when at 
the edge of its preferred habitat zone (Palmer 1987; Campbell et al. 1990; Hayward and Hayward 
1993).  This species typically begins calling early in the season, and was not likely missed, if 
present, in the other study sites. 
 
Great Gray Owl 
 
No Great Gray Owls were detected in this study area.  Great Grays are a relatively low-density 
owl in the north-central interior.  Furthermore, they are not highly territorial, typically only 
exhibiting territorial behaviours near the nest site (Bull and Henjum 1987; Duncan 1987).  These 
owls tolerate nesting within 500 m of each other, or other avian predators (e.g. Northern 
Goshawk, Great Horned Owl) (Nero 1980; Duncan 1987; Bull et al. 1988; Bull and Duncan 
1993).  In addition they can have huge home ranges.  The combination of their natural rarity in 
this area, their large home ranges, and low territoriality, make it not surprising that these owls 
were not detected. 
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Songbirds and Woodpeckers 
Results, to be determined during the spring of 2007, on the songbird/woodpecker diversity and 
habitat use in pine-leading stands will be presented in Year 2 reporting on this project.  
Anticipated songbird and woodpecker species are listed in Appendix 3.   
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DISCUSSION 
 
Forest Structure 
The forest structure, among pine-leading stands in this study, was observed to be generally 
similar in moist and dry sites among similar age classes.  In these relatively homogeneous 
lodgepole pine stands, sampled in the Fort St. James and Vanderhoof Forest Districts, there 
appeared to be no difference in the level of attack and mortality.  Overall there was a high level 
of tree mortality as a result of the current pine beetle infestation.  Remarkably, even small 
diameter pine stands were observed to have heavy beetle mortality and trees as small as 10 cm 
dbh were both attacked and killed in sample plots.  Such high mortality rates across size classes 
highlight the importance of non-pine species in maintaining stand structure after a beetle 
outbreak. 
 
Forest structural diversity appeared to increase with greater amounts of non-pine-leading species 
(interior hybrid spruce, subalpine fir, trembling aspen, etc.).  The primary difference, however, 
was that stands with greater components of non-pine tree species retained more live stems after 
the pines were killed by MPB.  The forest structure and age of trees retained in WTPs appeared 
overall very similar to trees found in late seral stage stands.  Canopy trees on average were 
between 17 – 21 cm dbh and between 22 – 27 m in height, with ages on average between 90 – 
118 years.  There were similar amounts of advanced regeneration found in all treatment types 
with densities of samplings (< 6 cm dbh) found to be 2 – 3 times greater than the number of trees 
(> 6 cm dbh) recorded per hectare in the majority of sites.   
 
The relationship between ecological complexity and age was not linear per se, however, in this 
study habitat attributes tended to increase with stand age.  This was similar to Clark et al. (2003) 
who found that structural changes are more pronounced than compositional changes over time in 
sub-boreal spruce forests.  Larger diameter trees, the amount of standing dead and dying trees 
and quantities of CWD were generally more strongly linked to mature stands and wildlife tree 
patches than young and intermediate stands assessed within the study.  Young pine stand (<20 
years) characteristics, as expected, differed most from late successional forest structure found in 
mature pine stands.   
 
 
Understorey Vegetation 
Structural characteristics of the understorey plant community were predominantly associated 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.  The herb layer can be 
subdivided into herbaceous species found predominantly at ground level up to 10 cm and those 
found from 10 cm up to 1 m or more in height.   
  
Herbs and shrubs are found as both dispersed and dense clustered arrays within the understorey. 
Dispersed shrubs often occured individually and in low densities. This includes shrub species 
such as Birch-leaved Spiraea and Highbush-cranberry.  Dispersed herb-layer species are those 
such as orchids like Rattlesnake-Plantain (Goodyera oblongifolia).  Plant species within the 
understorey that are found in dense clusters were generally more common than dispersed plant 
species.  Twinflower (Linnaea borealis) and kinnikinnick are examples of dense clustered 
shrubs. Dense clustered herbaceous plants included Bunchberry and One-sided Pyrola (Pyrola 
secunda).  Bryophytes were found to occur in greater concentrations on undisturbed forest floors 



MCA Ltd.        Pine Biodiversity Investigations in Supply Blocks C and D.     Year 1 Report – March 31, 2007 36

as indicated by elevated cover values recorded in late seral and WTP stands. Red-stemmed 
feathermoss (Pleurozium schreberi), for example, was found with much lower cover values in 
early and intermediate stands in this study and is known to generally decrease in abundance in 
pioneer and young seral stages (Beaudry et al. 1999).  
 
The greatest occurrence of uncommon plant species found in young moist stands was likely 
attributable to pioneer plants that persisted, increased or successfully established after harvest 
disturbance events.  For example, Trailing Black Currant (Ribes laxiflorum), Velvet-leaved 
Blueberry (Vaccinium myrtilloides) and White Hawkweed (Hieracium albiflorum), which were 
all only found in moist early seral sites, are noted as pioneer seral stage plants that do especially 
well where mineral soil has been exposed (Beaudry et al. 1999).  Conversely, uncommon plants 
that were only found within moist WTPs were likely plant species associated to late-seral forest 
(Smith 1999). 
 
The relative abundance of early-seral plants was observed to generally decrease with age, 
however plant species richness did not appear different between treatments types overall.  This 
does not agree with Clark et al. (2003) who found in west-central BC that vascular plant 
diversity decreased during succession.  As seen in this study, understorey plant species cover 
values did not decrease overall suggesting that overstorey cover is likely a better predictor of 
understorey vegetation than stand age.  This finding supports observations made in lodgepole 
pine understorey plant communities of West-Central Alberta (Bainbridge and Strong 2005).  
 

Coarse Wood 
The amount and volumes of coarse woody debris did not show a discernable difference among 
habitat types (moisture, seral stage, or stand characteristics) between sites in this study.  This 
result is not unexpected as all stands were lodgepole pine leading and only within the Sub-boreal 
Spruce biogeoclimatic zone.  This indicates that though there may be some structural differences 
between subzones of a region, it is the broad ecological classification of a region that explicitly 
defines that area (DeLong 2002).  For example, the wettest site in the Sub-boreal Spruce is drier 
than a dry Interior Cedar-Hemlock site.  Additional work across BEC zones has shown that 
coarse woody debris loading of any given site is variable, but not significantly different from 
other sites within that same biogeoclimatic zone; however, CWD volumes do differ among BEC 
zones (MCA 2007).  Variation among stands, even of similar age, is largely due to disturbance 
history of the stand and pre-disturbance stand characteristics (Clark et al. 1998).            
 
Volumes of coarse woody debris did not differ between treatments, so we tested for differences 
in coarse woody debris structure.  It was expected that moist sites might have more decayed 
coarse woody debris than dry sites.  The lack of this result may be due to other factors being 
more important to the decay process in coarse woody debris (e.g. age of the piece), or due to 
moisture regimes not different enough to cause a change in decay class as broad climatological 
conditions will be similar between moist and dry sites in this study.    
 
Coarse woody debris is defined as downed wood greater than 7.5 cm in diameter (MoF 1998).  It 
is often put into size categories of 7.5-30 cm, and >30 cm (e.g., Clark et al. 1998).  To 
understand the relationship between coarse woody debris volume and other habitat features (i.e. 
number of pieces of CWD), we classified CWD sizes into finer categories of 7.5-19.9 cm, 20-
29.9 cm, and >30 cm.  Coarse woody debris greater than 30 cm is relatively scarce in pine-
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leading stands of the SBS, so the 20-29.9 cm class allows for examination of relationships within 
trees in the upper majority of size within this system.  Small pieces of CWD have lesser volume 
than large pieces, and most pieces were in the smaller size category explaining the strong 
correlation between number of pieces and volume.  As size increases, the relationship between 
volume and number of pieces is weakened.   
 
The presence of coarse woody debris is an important aspect of forest characteristics.  Woody 
debris is a major component in the structure and function of forest ecosystems.  Beyond 
contributing to forest structure, coarse woody debris is also an essential component for a broad 
range of taxa from woodpeckers, mammals, amphibians and reptiles to invertebrates and fungi.  
These organisms use coarse wood for roosting, shelter, foraging and nesting (Bull 2002).  This 
section of the study indicates that coarse woody debris volumes and amounts have a high degree 
of variation among sites, but there is no significant difference between these.  The presence of 
coarse woody debris is an important habitat and wildlife element.  The more voluminous a piece 
of coarse wood is, the greater its value to the forest ecosystem and as a wildlife habitat element 
(Stevens 1997; Bunnell et al. 1999; Bull 2002).  In terms of overall volume input, smaller pieces 
account for a greater proportion due to their prevalence in the system.  Larger pieces, though 
scarcer, may be disproportionately more important to the forest and wildlife within, and 
managers will have to account for this effect when setting CWD volume targets.   
 

Small Mammals 
 
The type of habitat sampled in this study was in relatively narrow ecological and structure 
classes (i.e., interior B.C. SBS Pl-leading stands).  Had sampling included other stands types 
(e.g. Sx-leading SBS stands) or other BEC zones (e.g., Interior Cedar-hemlock stands), it is more 
likely we would have detected correlation between small mammal presence-absence and habitat 
elements.  Additionally, compared to the total range of variability across the landscape, the 
habitat we sampled was relatively homogeneous in respect to habitat elements for small 
mammals.  This likely contributed to our inability to detect correlations between small mammal 
presence and habitat elements. 
 
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).  Given that 
the small mammal data presented in this study represents only 1 year of data, any results should 
be regarded as preliminary.  A second year of trapping would allow some measure of the 
variability of small mammal populations in our study sites, and thus the variability in habitat use.  
Additionally, trapping began fairly late in the breeding season (26 July), after the beginning of 
the breeding season (~ early May) and after the first litter of juveniles had been produced.  Red-
backed voles can have several litters in a breeding season (Banfield 1974), and dispersing young 
may confound habitat associations (Van Horne 1983). 
 
Associating small mammal presence – absence with specific habitat elements can be challenging, 
due to other sources of variation in habitat use.  CWD has consistently been identified as a key 
habitat element for small mammals (e.g., Carey and Harrington 2001).  Bowman et al. (2000) 
found no associations between 2 small mammal species and number of CWD pieces, but 
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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 southern red-backed vole 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. 
 

Owl Surveys 
 
Timing 
 
Owl species differ in their general life-history strategies.  Some maintain resident, year-round 
home ranges, others undergo pronounced migrations, and some may exhibit erratic, seasonal 
movements dependent on local conditions.  Species also have specific breeding requirements, 
and may differ in timing of courtship, nest-site selection, or clutch-initiation.  It is thus difficult 
to capture one brief temporal period ideal for all species.  Other owl surveys employing passive 
auditory surveys in the study region are generally conducted in April (BC Nocturnal Owl 
Survey).  Furthermore, migratory Northern Saw-whet Owls likely return in March, with peak 
numbers occurring in April (Campbell et al. 1990; Checklist of north-central BC birds 2002).  
April surveys, although not possible for this study, are recommended for future, more intensive 
owl surveys in this region. 
 
Detectability 
 
Although each species surveyed for is known to respond to call playback, they may differ in their 
general aggressivity towards intruders.  Some species may be more inclined to actively engage a 
rival in a territorial encounter, while others may be more likely to fly in silently and watch for 
the intruder without vocalizing.  Individual responses also occur, and each owl encounter is 
exclusive of another.  Great Gray Owls for instance sometimes nest within 0.5 km of each other, 
or other owl and raptor species (Nero 1980; Duncan 1987; Lane and Duncan 1987; Bull et al. 
1988).  Furthermore, they are often territorial only in the immediate vicinity of nests, or when 
prey is scarce (Bull and Henjum 1987; Duncan 1987).  Conspecific density also can impact 
vocalization rates in owls.  In the Eagle Owl (Bubo bubo), low owl density decreased 
vocalization rates, and increased the time after sunset to vocalization onset (Penteriani et al. 
2002).       
 
One drawback to multi-species owl inventories is that the calls of one species may affect the 
behavioural response of another (RISC 2001). Greater detection rates have occasionally been 
recorded with passive auditory surveys than call broadcasts (Penteriani and Pinchera 1991).  
Although this could potentially be true for some species in this study, it was more important to 
retain consistent methodology for all species, and species specific methodologies within one 
study area are not practical.   
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Owls have some of the largest home ranges of any avian species in the study area.  Thus, even 
within a home range of an individual owl, the territory owner may not be suitably close enough 
to detect the surveyors’ broadcasts at any given time.   
 
Home range size for Great Gray Owls has been measured at 6730 ha! (Bull et al. 1988)  The 
home range size for Great Horned Owls is varied, but has been recorded between 70 ha and 883 
ha (Smith 1969; Fuller 1979; Rohner 1997).  The average home range size of breeding Great 
Horned Owls in the Yukon Territory was 483 ha (Rohner 1997).  This range is related to owl 
density rather than prey availability (Rohner and Krebs 1998).  As Great Horned Owl density 
appeared to be relatively low in this region, it is probable that this species also has very large 
territories.  Also, some non-territorial birds, or “floaters”, may be present in an area, though will 
lead a silent existence as they infringe upon established territory owners (Rohner 1995, 1996).   
 
Barred Owls similarly have large home range sizes.  These ranges are exclusive of other Barred 
Owls, and often remain relatively static from year to year and even generation to generation 
(Nicholls and Fuller 1987).  Breeding home range size from Saskatchewan averaged 149 ha 
(Mazur et al. 1998), and 321 ha in Washington (Hamer 1988).   
 
Northern Saw-whet Owl and Boreal Owl are both much smaller in size than the other species in 
this study.  Two Northern Saw-whets tracked over several nights used areas of 142 and 159 ha 
(Cannings 1987).  Most breeding habitat supports ≤1 pair/km2 (Cannings 1993).   
 
The Boreal Owl is less territorial than many other species, and the foraging area is not defended 
(Mikkola 1983).  Home ranges of individuals (even of the same sex) overlap, sometimes by over 
90%, and have been measured at 1395 ha and 1576 ha in Colorado (Palmer 1986).  Home range 
size averaged 1182 ha (range = 229 – 2386 ha) in Idaho (Hayward et al. 1993). 
 
Environmental and Temporal Variables 
 
Such environmental factors as wind, cloud cover, precipitation, moon phase, and temperature 
have all been found to influence the detectability and call rates of owls (Palmer 1987; Smith and 
Carpenter 1987).  Season and hours after/before sunrise/sunset also can influence call rates, 
although the influences of these are not consistent among studies (e.g. Meehan 1980; Palmer 
1987; Smith and Carpenter 1987; Deal and Lamont 1996 unpubl.; Takats and Holroyd 1997; 
Gottfred and Gottfred pers. comm. in Houston et al. 1998).  The factor most negatively affecting 
owl response to call broadcasts is wind (Siminski 1976; Forsman 1983; Smith et al. 1987).  Wind 
both limits the range of the playback call, the surveyor’s ability to detect owl vocalizations, and 
may limit the activity of the owl itself (Smith and Carpenter 1987).  Precipitation is also strongly 
implicated in decreased calling activity (e.g. Sokal and Rohlf 1969; Korpimaki 1981; Palmer 
1997).  Extreme temperatures may also influence owl activity (Smith and Carpenter 1987), 
though the optimal temperature range is likely species specific.  For example, Boreal Owls have 
lower temperature requirements than many other species, and may even become heat stressed at 
18º C (Hayward and Hayward 1993).   
 
Some studies have reported greater calling activity on clear, moonlit nights (e.g. Armstrong 
1963; Johnson et al. 1981; Palmer 1987).  Others have reported a reduction in calling on nights 
with full moons (Hansen 1952 in Palmer 1987).  Cloud cover appears to reduce the vocal activity 
of owls, though this affect is often only negligible, and may vary from year to year in correlation 
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with other conditions (e.g. prey availability) (Bondrup-Nielsen 1978; Lundberg 1979 in Palmer 
1987; Palmer 1987).  Clear, moonlit skies may be optimum for owl responses, but this 
association is tenuous. 
 
In this study all environmental conditions were moderate.  Temperatures ranged from -6º C to 
+2º C, and averaged -1º C.  Winds were generally light (as RISC standards do not allow surveys 
to be conducted in winds of >3 Beaufort), ranging from Beaufort 0-2, and with occasional gusts 
greater than Beaufort 3.  Cloud cover never occupied the entire sky for an entire survey period, 
and was generally <50% of the sky.  No precipitation occurred during the owl surveys, except for 
a few light ice pellets during a portion of one survey.  This did not appear to affect detections as 
a Barred Owl was still recorded from this survey.  The moon phase shifted from the waning 
gibbous phase to waning crescent over the course of the study period, but was never visible as it 
always rose after the terminus of a night’s surveys. 
 
Owls are an often overlooked, but integral part of the Vanderhoof and Fort St. James forest 
ecosystems.  Their presence on the landscape helps in small mammal population control.  As top 
predators, they occur at relatively low densities across the region.  Some appear to be highly 
local, keying in on very specific habitat attributes (i.e. Boreal Owl), while others have more 
generalized habitat requirements (i.e. Barred Owl, Great Horned Owl).  This Pine Biodiversity 
study has delineated 32 1-ha sites of various treatments.  Although we cannot confidently infer 
owl use of any one specific site, both due to the limited time we observed any individual, and the 
nature of call-playbacks potentially drawing birds into habitats they may not have normally 
occupied, it seems relatively certain that these owls were incorporating our study sites, which are 
representative of the landscape as a whole, into their home ranges.  Scale is also an important 
consideration, as owls often have home ranges in the hundreds of hectares, and each study site is 
merely 1 ha in size.  The early sites may not provide adequate cover for nesting, though may still 
be utilized as foraging areas.  Likely mid- to late-seral stands provide the optimum nesting areas, 
especially more heterogeneous patches.  Weather variables were fairly consistent over the course 
of the survey period, and owl detections did not seem to be influenced by these variables.  Time 
after sunset also did not have any noticeable effect, though all surveys were conducted within 4 
hours of sunset.  Surveys of longer nightly duration may have detected a trend, but this may not 
be apparent with small sample sizes.   
 
If possible, species-specific surveys would help determine relative abundance, as well as be 
tailored to the optimum time of year.  Northern Saw-whet Owls may better be surveyed for in 
April, after individuals have returned and breeding territories established.  Boreal Owls should 
be surveyed for from February to March, and Barred and Great Horned Owls should be surveyed 
for from March to April.   
 
Small mammal trapping conducted during the spring of 2007 may also be correlated with these 
owl detections, as owl call rates may depend in part on small mammal abundances.  This survey 
firmly established owls (especially Barred and Great Horned) as part of the biodiversity in the 
Vanderhoof and Fort St. James Forest Districts.  It provides data on detection frequencies of 
owls in this region for mid-March. 
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Appendix 1.  Vegetation species recorded within the study area 

TAXA - Code 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) 
THUJPLI Thuja plicata Western Red Cedar 
TSUGHET Tsuga heterophylla Western Hemlock 
    
SHRUBS    
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 
ANTEPUL Antennaria pulcherima Showy Pussytoes 
ARALNUD Aralia nudicaulis Wild Sarsaparilla 
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 
RIBES# Ribes  ssp. Current/Gooseberry 
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 
SALIX# Salix ssp. Salicaceae 
SAXIFRA# Saxifragaceae ssp. Saxifrages 
SHEPCAN Shepherdia  canadensis Soopolallie 
SORBSCO Sorbus scopulina Western Mountain-Ash 
SORBSIT Sorbus  sitchensis Sitka Mountain-Ash 
SPIRBET Spiraea betulifolia Birch-Leaved Spirea 
SPIRPYR Spiraea pyramidata Pyramid Spirea 
VACCCAE Vaccinium  caespitosum Dwarf Blueberry 
VACCMEM Vaccinium  membranaceum Black Huckleberry 
VACCMYR Vaccinium  myrtilloides Velvet-Leaved Blueberry 
VACCOVA Vaccinium  ovalifolium Oval-Leaved Blueberry 
VACCULI Vaccinium  uliginosum Bog Blueberry 
VIBUEDU Viburnum  edule Low Bush-Cranberry 
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VIBUOPU Viburnum  opulus High Bush-Cranberry 
TAXA - Code Genus Species Common Name 
    
HERBS    
ACHIMIL Achillea millefolium Yarrow 
ACTARUB Actaea rubra Baneberry 
AGROSCA Agrostis scabra Hair Bentgrass 
ANTENNA# Antennaria ssp. Pussytoes 
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 
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 
GOODOBL Goodyera oblongifolia Rattlesnake-Plantain 
HIERALB Hieracium albiflorum White Hawkweed 
HIERGRA Hieracium gracile Slender Hawkweed 
LATHOCH Lathyrus ochroleucus Creamy Peavine 
LINNBOR Linnaea borealis Twinflower 
LISTCHO Listera chordata Heart-Leaved Twayblade 
MELALIN Melampyrum lineare Cow-Wheat 
MITENUD Mitella nuda Common Mitrewort 
OSMOCHI Osmorihiza  chilensis Sweet-Cicely 
PETAPAL Petasites palmatus Palmate-Leaved Coltsfoot 
PLATOBT Platanthera orbtusata One Leaved Rein Orchid 
PLATORB Platanthera orbiculata Round-Leaved Rein-Orchid 
POACEAE Poaceae ssp. Grass Family 
PYROASA Pyrola asarifolia Common Pink Wintergreen 
PYROCHL Pyrola  chlorantha Green Wintergreen 
PYROLA# Pyrola ssp. Wintergreen 
PYROMIN Pyrola  minor Lesser Wintergreen 
PYROSEC Pyrola secunda One-sided Wintergreen 
SOLICAN Solidago  canadensis Canadian Goldenrod 
SOLISPA Solidago  spathulata Mountain Goldenrod 
STREAMP Streptopus  amplexifolius Clasping Twistedstalk 
STREPTO# Streptopus  ssp. Twistedstalk 
STREROS Streptopus  roseus Rosy Twistedstalk 
STRESTR Streptopus  streptopoides Small Twistedstalk 
THALOCC Thalictrum occidentale Western Meadowrue 
TIARTRI Tiarella trifoliata Foamflower 
VACCMEM Vaccinium membranaceum Black Huckleberry 
VICIAME Vicia Americana American Vetch 
VIOLADU Viola adunca Early Blue Violet 
VIOLCAN Viola canadensis Canadian Violet 
    
CLUB-MOSSES    
LYCOSEL Lycopodium selago Fir Clubmoss 
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LYCOCOM Lycopodium complanatum Ground Cedar 
LYCOOBS Lycopodium obscurum Ground Pine 
    
MOSSES    
AULAPAL Polytrichum commune Common Hair-Cap 
DICRANU# Dicranum ssp. Moss 
DICRPOL Dicranum polysetum Electric Eels 
PLEUSCH Thuidium  abietinum Wiry Fern Moss 
POLYCOM Polytrichum Juniperinum Juniper Hair-Cap 
POLYJUN Ptillium  crista-castrensis Knight's Plume 
PTILCRI Rhytidiopsis  robusta Pipecleaner Moss 
RHYTROB Aulacomnium palustre Glow Moss 
THUIABI Pleurozium schreberi Red-Stemmed Feathermoss 
    
FERNS and 
HORSETAILS 

   

ATHYFIL Athyrium filix-femina Lady Fern 
DRYOEXP Dryopteris expansa Spiny Wood Fern 
EQUIARV Equisetum arvense Common Horsetail 
EQUISET# Equisetum ssp. Horsetail 
EQUISYL Equisetum sylvaticum Wood Horsetail 
GYMNDRY Gymnocarpium dryopteris Oak Fern 
    
LICHENS    
ALECSAR Alectoria sarmentosa Witches Hair 
BRYOFUS Bryoria fuscescens Speckled Horsehair 
CLADMIT Cladina mitis Green Reindeer Lichen 
CLDOCHL Cladonia chlorophaea False Pixie-Cup 
CLDOECM Cladonia ecmocyna Orange-Foot  
CLDOGRA Cladonia gracilis Brown-Foot Cladonia 
CLDOSCA Cladonia scabriuscula Forked Shore Lichen 
HYPOPHY Hypogymnia physodes Monk's Hood Lichen 
PARMAMB Parmeliopsis ambigua Green Starburst 
PARMSUL Parmelia sulcata Waxpaper Lichen 
PLATGLA Platismaita glauca Ragbag 
PELTAPH Peltigera  aphthosa Freckle Pelt 
PELTSCA Peltigera  scabrosa Rough Pelt 
STERTOM Stereocaulon tomentosum Woolly Coral 
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Appendix 2.  Shrub and herb species specific frequencies detected by treatment type 
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Appendix 3.  Forest dwelling vertebrate within the study area (adapted from Bunnell et al. 2004) 

TAXA - Common Name G1 E2 M2 L2 Edg. 3 Int.4 
       
SONGBIRDS       
Olive-side Flycatcher Y    Y  
Western Wood-Pewee Y      
Pacific-slope Flycatcher    Y   
Yellow-bellied Flycatcher   Y    
Alder Flycatcher   Y    
Least Flycatcher  Y     
Hammond’s Flycatcher    Y   
Dusky Flycatcher  Y     
Say’s Phobe  Y   R+  
Eastern Kingbird  Y   Y  
Northern Shrike Y      
Red-eyed Vireo  Y     
Warbling Vireo  Y     
Cassin’s Vireo   Y    
Steller’s Jay   Y Y   
Gray Jay   Y Y   
Clark’s Nutcracker    Y   
Black-billed Magpie Y    R+  
Common Raven    Y   
American Crow Y    Y  
Violet-green Swallow  Y   Y  
Tree Swallow  Y     
Black-capped Chickadee Y    R+  
Mountain Chickadee    Y   
Boreal Chickadee    Y   
Red-breasted Nuthatch    Y   
White-breasted Nuthatch    Y  Y 
Brown Creeper    Y  Y 
House Wren Y    Y  
Winter Wren Y      
Golden-crowed Kinglet    Y  Y 
Ruby-crowned Kinglet    Y   
Townsend’s Solitaire Y     Y 
Mountain Bluebird Y    Y  
Varied Thrush    Y  Y 
American Robin Y    Y  
Veery   Y    
Swainson’s Thrush Y      
Hermit Thrush Y     Y 
Bohemian Waxwing Y      
Cedar Waxwing Y      
Orange-crowned Warbler  Y     
Tennessee Warbler Y      
TAXA - Common Name G1 E2 M2 L2 Edg. 3 Int.4 
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Nashville Warbler   Y  R+  
Yellow Warbler  Y     
Chestnut-sided Warbler Y    Y  
Magnolia Warbler   Y Y Y  
Yellow-rumped Warbler  Y   R+  
Townsend’s Warbler Y      
Blackpoll Warbler Y      
Black-and-white Warbler   Y    
American Redstart  Y Y    
Ovenbird   Y    
Northern Waterthrush  Y     
MacGillivray’s Warbler  Y     
Common Yellowthroat  Y   Y  
Wilson’s Warbler  Y   Y  
Western Tanager    Y   
Black-headed Grosbeak   Y   Y 
Rose-breasted Grosbeak   Y    
Lazuli Bunting  Y     
American Tree Sparrow  Y     
Clay-coloured Sparrow  Y     
Chipping Sparrow  Y     
Golden-crowned Sparrow  Y   R+  
White-throated Sparrow  Y Y    
White-crowned Sparrow Y    Y  
Fox Sparrow Y      
Song Sparrow  Y   Y  
Lincoln’s Sparrow  Y   R+  
Dark-eyed Junco Y      
Brown-headed Cowbird Y    Y  
Rusty Blackbird Y      
Evening Grosbeak   Y Y   
Purple Finch    Y Y  
Red Crossbill    Y   
White-winged Crossbill    Y   
Common Redpoll Y      
Pine Siskin Y      
       
WOODPECKERS       
Red-breasted Sapsucker   Y Y   
Yellow-bellied Sapsucker    Y   
Downy Woodpecker    Y   
Hairy Woodpecker    Y Y  
Three-toed Woodpecker    Y Y  
Black-backed Woodpecker    Y   
Northern Flicker Y    Y  
Pileated Woodpecker    Y Y  
       
       
TAXA - Common Name G1 E2 M2 L2 Edg. 3 Int.4 
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OWLS       
Long-eared Owl Y    R+  
Great Horned Owl    Y R+  
Barred Owl   Y Y  Y 
Great Gray Owl    Y R+  
Northern Saw-whet Owl   Y Y   
Northern Pygmy Owl   Y Y Y  
Northern Hawk Owl    Y   
       
SMALL MAMMALS       
Common Shrew Y      
Pygmy Shrew Y      
Dusky Shrew Y      
Southern Red-backed Vole    Y  Y 
Brown Lemming  Y     
Long-tailed Vole  Y     
Meadow Vole  Y     
Heather Vole  Y   R+  
Northern Bog Lemming  Y     
Bushy-tailed Woodrat Y    Y  
Deer Mouse Y    Y  
Meadow Jumping Mouse  Y     
Western Jumping Mouse  Y     
       
1 G = generalist species, showing little response to seral stage; 
2 Species that favor particular seral stages are designated “E” (early), “M” (middle), and “L” (late); 
3 Y = edge species that demonstrate preference to edge (p<0.05); R+ = species that respond positively to edge (not 
statistically evaluated); 
4 Y = forest interior species, statistically demonstrated to avoid edge (p<0.05). 
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Appendix 4.  Site maps of all 32 study sites in Supply Blocks C and D 
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