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Executive Summary          
 
The Canada Warbler is a neo-tropical migrant songbird that breeds in the boreal forest of Canada 
and the United States. This species is provincially listed as a species at risk (Blue-listed) in 
British Columbia because its range is restricted to the northeastern corner of the province and 
population declines experienced in the eastern part of its range.  Most studies of Canada Warbler 
breeding habitat have been conducted in eastern North America. This warbler is suffering from 
population declines across its breeding range, likely due to breeding habitat loss and degradation. 
Little information is known about the breeding habitat requirements of Canada Warbler in 
British Columbia, nor is it known what impact, if any resource extraction industries have on the 
species. This report is the summary of a two year study investigating habitat use by Canada 
Warbler in northeastern BC by comparing identified breeding locations with randomly selected 
locations. 
 
Our findings suggest that in the Fort Nelson Forest District Canada Warblers breed in mature, 
hardwood-leading stands with a large proportion of trembling aspen in the canopy. Basal area, 
but not tree density was an important predictor of Canada Warbler habitat. Canada Warblers 
used sites with moderate cover of understory shrubs and the presence of large coarse woody 
debris. Common understory shrubs in Canada Warbler breeding habitat included Alnus crispa, 
Vibernum edule, and Rosa acicularis. 
 
We recommend that forest managers use multi-scale approaches to protect Canada Warbler 
habitat in northeastern BC.  These include managing for mature hardwood patches at a landscape 
scale and using mechanisms like Wildlife Tree Patches and riparian reserves to capture potential 
breeding habitat at the stand level. 
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1. Introduction 
 
The Canada Warbler (Wilsonia canadensis) is a neo-tropical migrant and a range-restricted 
species in British Columbia.  It nests entirely within the Boreal Plains and Taiga Plains 
ecoprovinces, with most records from the Peace River and near Fort Nelson (Cooper et al. 1997).  
Within British Columbia it has a restricted population size and distribution, resulting in its status 
as a Blue-listed species in British Columbia (BCMOE 2007).  Due to concerns over apparent 
population declines in the eastern portion of its range, the Canada Warbler is being considered 
for listing by the Committee of the Status of Endangered Wildlife in Canada (COSEWIC; John 
Deal, pers. comm.). 
 
In northeastern British Columbia, the Canada Warbler breeds between 300 and 575m in 
elevation, usually in mature stands with a mix of deciduous (trembling aspen; Populus 
tremuloides and paper birch; Betula papyrifera) and coniferous (mainly white spruce; Picea 
glauca) tree species (Lance and Phinney 1994, Campbell et al. 2001).  Breeding sites tend to be 
on south-facing slopes, often hillside or gullies (Enns and Siddle 1996).  Complex understories 
with shrubs (canada buffaloberry, Sheperdia Canadensis; red-osier dogwood, Cornus 
stolonifera; prickly rose, Rosa acicularis;  green alder, Alnus crispa; highbush cranberry, 
Viburnum edule) and coarse-woody debris appear to be selected for by this species (Bennett et al. 
1999, Campbell et al. 2001).   
 
Most studies of Canada Warbler breeding habitat have been conducted in eastern North America.  
Habitat studies in Alberta, as well as anecdotal evidence from other inventories in British 
Columbia indicate that western Canada Warblers may have different habitat requirements than 
their eastern counterparts (Cooper et al. 1997).  Detailed habitat studies for this species are non-
existent in British Columbia.   
 
Canadian Forest Products Ltd. (Canfor Ltd.) has taken the proactive approach of trying to 
accurately model Canada Warbler habitat in the Fort Nelson Forest District to better understand 
and manage forestry impacts on this species.  To develop this model however, information 
specific to northeastern British Columbia is required.  In this study, we examine habitat 
requirements of the Canada Warbler over two years by comparing stand-level characteristics of 
known Canada Warbler breeding territories to randomly selected sites.  
 

2. Study Area 
 

2.1 Project Study Area 
 
The Forest Nelson Forest District (FNFD) is located in northeastern British Columbia (Figure 1), 
and is 9.8 million ha (98 681 km2) in area. An extensive lowland plain occurs in the eastern 
portion of the FNFD, bounded by mountains and associated foothills in the western portion. 
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Figure 1.  The Fort Nelson Forest District (from Ministry of Forests and Range website). 
 

2.2 Biogeoclimatic Ecological Classification 
 
Three different Biogeoclimatic Ecological Classification (BEC) zones occur within the Fort 
Nelson Forest District (Meidinger and Pojar 1991).  The majority of the area consists of Boreal 
White and Black Spruce (BWBS, 68%) with areas of Spruce Willow Birch (SWB, 19%) and 
Alpine Tundra (AT, 13%) (Fort Nelson LRMP 1997).  The homogeneity in physiography and 
climate relative to other areas of this size results in fewer BEC Variants (Table 1).   
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Table 1.  BEC representation in the Fort Nelson Forest District. 

BEC 
VARIANT AREA (HA.) 

% FORESTED 
AREA OF THE 

FNFD 
ATun 892098.8 9.04% 

BWBSdk1 170139.4 1.72% 
BWBSdk2 950682 9.63% 
BWBSmw2 5613561 56.89% 
BWBSwk2 154.1758 0.00% 
BWBSwk3 146594.3 1.49% 

SWBmk 1773919 17.98% 
SWBmks 320919.4 3.25% 

Grand Total 9868068 100.00% 
 

The BWBS is the most widespread zone in Canada, generally occurring from 600 m up to 1100 
m or 1200 m.  In some of the lowlands and deep river gorges in the FNFD, however, this zone 
can extend down to 450 m.  Summers are generally warm and short, with long, cold winters and 
short growing seasons.  Stands range from open lodgepole pine (Pinus contorta var. latifolia) 
stands on dry sites to black spruce (Picea mariana) stands in poorly drained areas.  The 
dominant tree species are white spruce (Picea glauca), trembling aspen (Populus tremuloides), 
lodgepole pine, black spruce, tamarack (Larix laracina), sub-alpine fir (Abies lasiocarpa) and 
paper birch (Betula papyrifera) (Meidinger and Pojar 1991). 
 
The SWB usually occupies the altitudinal zone above the BWBS, ranging from 1000 m up to 
1700 m in the northern portion of the zone.  Because it is a sub-alpine zone, summers are short 
and cool with long, cold winters.  Where forest does occur in this zone at lower elevations, it 
tends to be dominated by white spruce and sub-alpine fir.  Upper elevations and colder low 
elevation sites are dominated by tall deciduous shrubs, mainly willow (Salix spp.) and scrub 
birch (Betula glandulosa).  The AT zone occurs above the SWB zone, usually from 1400 m and 
up.  It is usually treeless except for small krummholz forms, and is dominated by colder 
temperatures year round (Meidinger and Pojar 1991). 
 
 

3. Methods 
 

3.1 Sampling Design 
 
We used a paired sample design, with one habitat plot centred on a Canada Warbler detection 
location (“use plots”), and another (“non-use plots”) plot associated with point count stations 
where Canada Warblers have not been detected in 2006, 2007, or 2008.  Use plots were located 
at point count stations where Canada Warblers have been detected for 2 or 3 years of the 3 years 
that surveys were conducted (2006, 2007, 2008).  Non-use plots were located at a random 
bearing and random distance within 200 m from the centre point of point count stations in mid or 
mature hardwood or mixedwood stands.  Although it is possible that the non-use plots could also 
fall within Canada Warbler habitat, based on the low number of Canada Warbler detections (110 
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detections over 3 years: 2006 = 28; 2007 = 42; 2008 = 40) relative to total bird detections (14 
046) recorded by MCA Ltd. over 3 years (2006, 2007, 2008), we assume that this is unlikely. 
Detections are always of singing males and the location of the bird is considered to be within its 
breeding territory 
 

3.2 Habitat Plots 
 
The following sample methods were derived from provincial vegetation resource inventory 
(VRI) sampling standards (RISC 2004). 
 
A road-side location in proximity to the habitat plots (use and non-use) was selected and 
designated as the tie point.  The tie point was flagged with 1.5” lime-glo flagging tape printed 
with “Wildlife”.  UTM coordinates of the tie point were determined using a Garmin (Olathe, KS) 
GPS 76.  All UTM coordinates were in the NAD 83 datum. 
 
An integrated plot centre (IPC) was established at the UTM coordinates of the Canada Warbler 
detection site (the use plot) and at the random location of the non-use plot (Figure 2).  The IPC 
was flagged with 1.5” lime-glo flagging tape printed with “Wildlife”, and UTM coordinates were 
recorded.  The site where the IPC occurred was classified with respect to its topography at the 
landscape scale as 1 – flat, 2 – gully, 3 – hillside, and 4 – mound.  The slope, aspect and distance 
to and type of edge at the IPC was recorded.  All habitat data collected was centered on the IPC, 
and included plots at varying radii around the plot centre (5.64 m, 10 m, and 25 m): 
 

5.64 m radius 
The species, dbh, and Wildlife Tree Class for all trees greater than 4.0 cm dbh was recorded.  
The height of the tallest tree within the plot was measured using a clinometer and hip chain.   
 
10 m radius 
An estimate of the percentage canopy tree cover by species was made. 
 
25 m radius 
Based on the average vegetation characteristics, the stand was classified using a visual 
assessment into a seral stage (<30 years = early; 30≥90 = mid; >90 years = mature) and 
composition (>70% softwood = softwood leading; >70% hardwood = hardwood leading; 
between 30% and 70% softwood or hardwood = mixedwood) class. 
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Figure 2.  Plot details for Canada Warbler habitat sampling (based on RISC 2004). 
 
 
Coarse woody debris (CWD) transects were conducted along two 100 m long transects radiating 
out from the plot centre.  CWD data was collected from 0 – 24 m and 76 – 100 m.  The first 
transect was performed along a random bearing from plot centre, and the second at a 90° angle to 
the right of the first.  Decay class, diameter, and species for each CWD piece > 7.5 cm diameter 
was recorded.  On each CWD transect, the canopy closure at 0 m, 12 m, 24 m, 60 m, and 100 m 
was also recorded using a moosehorn densitometer.  Also on each CWD transect, percent cover 
within a 3.99 m radius was estimated at 0m, 12m, 24m, 60m and 100m for each of the three 
leading species of shrubs by two height classes (0-2m and >2m), the percent total shrub cover 
and average height by the two height classes, and the percent cover and species of saplings (trees 
with DBH < 4 cm) were also estimated. 
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3.3 Data Analysis 
 
We summarized habitat data using standard forestry metrics (stems per ha., basal area (m2/ha), 
coarse woody debris volume (m3/ha)).  We used a Chi square test for independence to determine 
whether stand seral stage and composition differed between known Canada Warbler breeding 
sites and random sites. Binary logistic regression was conducted on general stand characteristics 
(canopy cover, elevation, tallest tree height, distance to edge) and basal area of the three most 
common tree species with DBH > 4cm.  For all other variables, we used non-parametric tests 
(Mann Whitney-U test) to determine whether use and non-use sites differed statistically (using 
an α-value of 0.05). 
 
We were aware of the fact that multiple comparisons can lead to the possibility of detecting a 
difference by random chance alone, and therefore took into account effect size when discussing 
differences between use and non-use sites (Nakagawa 2004). Habitat data from 2007 and 2008 
were pooled for this report.  We removed data from five non-use sites from 2007 because the 
sites were located within black spruce bog habitat and not representative of potential Canada 
Warbler habitat.  All analyses were conducted using SPSS 15.0 (Chicago, IL). 
 
 

4. Results 
 

4.1 Seral Stage and Composition 
We found significant differences in stand composition (χ2

df=2 = 6.41, p = 0.04, N = 75) and near-
significant differences in seral stage (χ2

df = 2
 = 1.34, p = 0.05, N = 75) between Canada Warbler 

use and non-use sites. Canada Warblers most frequently used hardwood (55%) or mixedwood 
stands (32.5%), and were rarely found in stands dominated by softwood (12.5%; Figure 3).  
Canada Warblers were most often found in mature stands (32 out of 40 CAWA sites) and less 
frequently in early- to mid-seral stands (1 and 7 out of 40, respectively). The most used Canada 
Warbler breeding habitats were mature hardwood stands (Figure 3). 
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Figure 3.  Seral stage and stand type of known Canada Warbler breeding locations (N = 40) and 
random sites (N = 35) in the Forest Nelson Forest District. “Early” = < 30 years; “Mid” = 30-90 
years; “Mature” = > 90 years; HW = hardwood, MW = mixedwood, SW = softwood. 
 
 

4.2 General Stand Characteristics 
 
Canada Warbler breeding sites had a positive association with edges (Wald’s χ = 2 7.219, df=1, p 
= 0.007; Table 2) and were found slightly closer to edges (logging roads, clearcuts, marshes, 
rivers) than random sites (Table 2). General stand characteristics such as elevation, canopy cover 
and tallest tree height did not differ significantly between random and Canada Warbler sites. 
Overall trends showed Canada Warbler sites slightly higher in elevation, canopy cover and tallest 
tree than random sites, however, the difference not significant (Table 2). 
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Table 2.  Binary logistic regression results of general stand characteristics of Canada Warbler 
breeding locations (N = 35) and randomly selected sites (N = 40) in the Fort Nelson Forest 
District.  
  CAWA site Random site     
  Mean ± Std. Error Mean ± Std. Error Wald’s χ2  P 
Tallest Tree Height (m) 23.3 ± 1.75 22.7 ± 1.61 0.285 0.594 
Elevation (m) 423.1 ± 12.77 417.7 ± 12.2 0.242 0.623 
Distance to Edge (m) 61.7 ± 6.58 95.5 ± 10.39 7.219 0.007 
Total Canopy Cover (%) 63.9 ± 3.68 57.7 ± 6.04 0.502 0.502 

Significant results (p < 0.05) are indicated in bold.  
 
Confirmed Canada Warbler breeding locations were more frequently located on flat ground 
(75%) than on hilly/steep ground (25%).  
 

4.3 Basal Area and Density of Trees 
 
Mean basal area (m2ha-1), but not tree density (stems per hectare) was greater in use versus non-
use sites (Table 3).  Total basal area at use sites (44.45 m2ha-1), although non-significant was 
higher than total basal area of non-use sites (34.76 m2ha-1; Table 3). Basal area of trembling 
aspen and paper birch were significantly higher at use sites (23.81 m2ha-1 and 4.64 m2ha-1, 
respectably) compared with non-use sites (13.37 m2ha-1 and 1.60 m2ha-1, respectably).  There was 
no difference in basal area of white spruce between use and non-use sites or in tree density 
between use and non-used sites (Table 3). 
 
Table 3.  Binary logistic regression results for basal area (m2ha-1) and summary of tree density 
(stems per hectare) of trees (DBH > 4 cm) of three most common tree species at Canada Warbler 
breeding locations and randomly selected sites in the Fort Nelson Forest District. 
  CAWA sites (n=40) Random Sites(n=35)     
 Test Variablesa,b Mean ± Std. Error Mean ± Std. Error Wald’s χ2 P-Valueb

At Basal Area (m2ha-1) 23.81 ± 4.543 13.37 ± 2.768 3.867 0.049 
At Stems (ha-1) 585.00 ± 204.047 360 ± 124.765   
Ep Basal Area (m2ha-1) 4.64 ± 1.412 1.60 ± 0.601 5.522 0.019 
Ep Stems 242.50 ± 87.697 125.71 ± 50.433   
Sw Basal Area (m2ha-1) 14.49 ± 2.921 12.08 ± 2.38 2.584 0.108 
Sw Stems 430.00 ± 84.368 617.14 ± 189.314   
Total Basal Area (m2ha-1)c 44.45 ± 4.971 34.76 ± 3.849 1.449 0.229 
Total Stems (ha^-1)c 1307.50 ± 222.497 1357.14 ± 219.636 1.388 0.239 

aAt = Populus tremuloides, Ep = Betula papyrifera, Sw = Picea glauca 
bTotal basal area and stems per hectare including all tree species are shown  
c Significant results at (p<0.05) are indicated in bold 
 

4.4 Shrub and Sapling Cover 
The two most common species in the tall shrub class (>2m height) and contributing 93.4% of 
total cover were Alnus crispa and Salix spp..  The percent cover of tall shrubs did not vary 
significantly between use and non-use sites. The overall trend in percent cover indicated that A. 
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crispa was slightly more prevalent at use sites than non-use sites (9.49 ± 0.97%, 8.42 ± 1.00%, 
mean ±SE; use and non-use sites respectably; Table 4) and vise versa for cover of willow (Salix 
spp., 6.34 ± 1.15%, 8.08 ± 1.37%, mean ± SE; use and non-use respectively; Table 4). Total tall 
shrub cover and shrub height were similar between sites (Table 4). 
 
Table 4.  Mann Whitney results for tall shrub cover (height > 2 m) at Canada Warbler use and 
non-use sites in the Fort Nelson Forest District. 
  CAWA sites (n = 40) Random sites (n = 35)     
Test Variable    Mean ± Std. Error       Mean ± Std. Error U P-Value 
Alnus crispa 9.49 ± 0.97 8.42 ± 1.00 627 0.44 
Salix spp. 6.34 ± 1.51 8.08 ± 1.37 545 0.99 
Shrub Height (m) 4.09 ± 0.36 3.81 ± 0.31 649 0.59 
Total %Cover 15.94 ± 1.99 13.97 ± 1.79 636 0.50 

 
 
Alnus crispa, Viburnum edule, Cornus stolonifera, Rosa acicularis and Salix spp. were the most 
common short shrub (<2m) species found at our study sites. Short shrub cover varied 
significantly by species between use and non-sites (Table 5). Percent cover of C. stolonifera  and 
R. acciularis were significantly higher at use sites compared to non-use sites. V. edule was also 
significantly more prevalent at use sites compared with non-use sites, although effect size was 
relatively small. In contrast, willow (Salix spp.) and L. groenlandicum had significantly higher 
percent cover at non-use sites compared with use sites. 
 
  
Table 5.  Mann-Whitney results of short shrub cover (height < 2m) of known Canada Warbler 
breeding locations (n = 40) and randomly selected sites (N = 35) in the Fort Nelson Forest 
District.  
  CAWA sites Random sites     
Test Variable Mean ± Std. Error Mean ± Std. Error U P-Value 
Alnus crispa 5.31 ± 0.730 4.41 ± 0.776 607   0.32 
Salix spp. 0.69 ± 0.290 3.42 ± 1.040 400 <0.01  
Corus stolonifera 7.51 ± 1.040 4.32 ± 1.040 464   0.01 
Ledum groenlandicum 1.15 ± 0.673 2.97 ± 0.877 545   0.03 
Rosa acicularis 7.28 ± 0.692 4.44 ± 2.82 546   0.03 
Sheperdia canadensis 2.54 ± 0.543 1.65 ± 0.486 597   0.21 
Vibrnum edule 9.44 ± 0.960 4.770 ± 0.698 377   0.01 
Othera 1.82 ± 0.628 1.6 ± 0.481 687   0.87 
Total % Cover 13.08 ± 1.012 11.29 ± 0.806 558   0.13 

aRefers to less common shrub species including Ribes glandulosum, Rubus idaeus, Vaccinium Spp., Amelanchier 
alnifolia 
Significant results (p < 0.05) are indicated in bold. 
 
Non-use sites had significantly higher percent cover of saplings (data only collected in 2007) 
than use sites (8.50% ± 1.64, 3.25% ± 0.83, p = 0.02; mean ± SE; random and CAWA 
respectably).  
 

MCA Ltd. Canada Warbler Habitat Sampling in the Fort Nelson Forest District  9



   

4.5 Coarse Woody Debris 
 
Coarse woody debris (CWD) volume varied between use and non-use sites by volume and 
number of large pieces (Table 6). The mean volume of large-diameter (>30 cm) CWD was 
substantially greater at use sites (69.80 ± 16.403 m3ha-1; mean ± SE) than non-use sites (37.69 ± 
15.697 m3ha-1; mean ± SE). The volume of small-diameter CWD (7.5-30 cm), total number of 
pieces, volume at different distances along the transect, total volume, and the number of pieces 
of CWD per transect did not differ significantly between non-use and use sites (Table 6). 
 
Table 6.  Mann Whitney- U results for Volume (m3ha-1) of coarse woody debris (CWD) at 
known Canada Warbler sites and randomly selected.  
    CAWA sites Random sites    
 Test Variablesa   Mean ± Std. Error Mean  ± Std. Error U P-Value 
Volume large CWD 69.80 ± 16.403 37.69 ± 15.697 531 0.037 
Number of large pieces 0.95 ± 0.206 0.49 ± 0.218 521 0.027 
Volume small CWD 213.66 ± 30.706 188.50 ± 32.418 635 0.490 
Number of small pieces 14.50 ± 2.146 14.06 ± 1.801 676 0.803 
0-24m Volume CWD 99.42 ± 27.026 80.06 ± 27.156 687 0.875 
0-24m Count CWD 5.23 ± 1.419 4.40 ± 1.307 681 0.818 
76-100m Volume CWD 62.24 ± 17.271 60.09 ± 19.243 672 0.739 
76-100m Count CWD 3.93 ± 1.214 3.49 ± 0.942 664 0.663 
Total Volume CWD 282.61 ± 41.220 225.66 ± 43.136 607 0.323 
Total Number of pieces 15.38 ± 2.226 14.51 ± 1.932 694 0.949 

a Large  > 30 cm diameter, small  = 7.5-30 cm diameter; “Number of pieces” indicates the number of pieces of CWD 
counted along two 24-m transects originating at the central point.  
Significant results (p<0.05) are in bold). 
 
 

5. Discussion 
The results from this study incorporate Canada Warbler breeding habitat data from both 2007 
(MCA Ltd. 2007b) and 2008 in the Fort Nelson Forest District. 
 

5.1 Seral Stage and Composition 
 
Our results indicated that Canada Warbler used mature hardwood stands for breeding more than 
other any other stand type.  Sites occupied by this species were most often hardwood-leading 
stands and less often in mixedwood- or softwood-leading stands. This finding is consistent with 
previous habitat studies for Canada Warbler in British Columbia (Enns and Siddle 1996, Cooper 
et al. 1997, Bennett et al. 1999), in contrast to this species preference for mixedwood or 
softwood-leading stands in eastern North America (Titterington et al. 1979, Hagan and Meehan 
2002). The results of this study support the assertion that Canada Warblers tend to have stronger 
associations with deciduous leading (hardwood) stands in western Canada than in eastern Canada 
(Lambert and Faccio 2005). 
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Canada Warblers demonstrated high use of mature stands, but were also found in mid-seral 
stands, indicating flexibility in preference for stand age by this species. Bennett et al. (1999) 
concluded that most Canada Warbler detections in northeastern British Columbia were in mature 
aspen stands, but indicated that this species was able to exploit both mature and young forest 
types. Schieck and Nietfeld (1995) arrived at a similar conclusion in their study in mixed aspen 
stands of northern Alberta, where Canada Warblers were most common in mature stands (>120 
years), less common in stands 50-65 years old, and absent from stands 20-30 years of age. 
Similar patterns are evident in eastern North America, where Canada Warblers are associated 
with mature uneven-aged stands characterized by small tree fall gaps and a well-developed 
understory (Hagan and Grove 1999). 
 
 

5.2 General Stand Characteristics 
 
In our study, use sites were closer to edges than non-use sites.  This is likely an artifact of our 
source data being collected using a Breeding Bird Survey roadside design in a managed 
landscape.  Existing research on Canada Warblers indicates that they do not avoid edges created 
by logging roads or clearcuts, but that they do avoid paved roads, agricultural landscapes and 
urban areas (Lambert and Faccio 2005). Our findings were consistent with this idea, and distance 
to edge (usually gravel logging roads) varied between use sites and non-use sites, although all 
sites were within 200 m of a road.  To fully understand this species response to natural and 
anthropogenic edges in northeastern BC, additional data from forest interior surveys would be 
required.  
 
On average tree height was higher at Canada Warbler use sites. This finding is consistent with 
the previous work showing that Canada Warblers prefer mature stands over young forests 
(Schieck and Nietfeld 1995, MCA 2007). 
 
It has been suggested that Canada Warblers in northeastern British Columbia favor steep slopes 
and moist floodplains (Enns and Siddle 1996, Cooper et al. 1997). In our study, use sites were 
most often found on flat ground and did not differ significantly in slope or topography from 
random sites, suggesting that this species may not have an association for hillsides or steeply 
sloped areas in the Fort Nelson Forest District. This may reflect the generally flatter topography 
of our study area compared to previous studies of this warbler in the Peace Lowland, which are 
characterized by steep slopes descending into the Peace River and mountainous terrain in the 
uplands. We did not measure soil moisture levels; however, the prevalence of A. crispa and V. 
edule at sites occupied by Canada Warblers indicates a preference for moist woodlands and river 
valleys (Johnson et al. 1995). 
 
Sites inhabited by Canada Warblers were characterized by higher total canopy cover. The higher 
canopy cover of use sites compared to non-use sites may simply be a result of this species’ 
preference for mature forested sites, as opposed to younger or more open forest types. The mean 
canopy cover at use sites (62%) was reflective of a mature stand with frequent small gaps in the 
overstory, allowing for light to reach the forest understory, and subsequent development of a 
well-developed shrub component (Klinka et al. 1996).  
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5.3 Basal Area and Density of Trees 
 
Trembling aspen was prevalent at use sites and had greater mean basal area at use sites compared 
with non-use sites.  Paper birch (Betula papyrifera) was also a component of stand structure with 
regards to both basal area and tree density in use and non-use sites, consistent with findings by 
Enns and Siddle (1996), who found a constant cover of at least 8% paper birch at Canada 
Warbler sites.  Paper birch however, when present, was found at low frequencies on our study 
sites and was always sub-dominant to trembling aspen in the canopy. The tendency of use sites 
to have higher basal area but equal stem density to random sites suggests that Canada Warblers 
prefer sites with fewer large trees, indicative of a mature stand. 
 

5.4 Shrub and Sapling Cover 
 
The presence of a dense shrub layer has been identified as an important habitat element to 
Canada Warblers due to their use of shrubs as foraging substrates and as protective cover for 
ground nest sites (Sabo and Holmes 1983, Lambert and Faccio 2005). In this study, we observed 
pronounced differences in the cover of certain shrub species between use and non-use sites. Use 
sites tended to have lower cover of Salix spp. and L. groenlandicum than non-use sites. This may 
be a result of the tendency of Canada Warblers to avoid open or early seral sites that have high 
densities of Salix spp. and use forested sites with more shade-tolerant understory species such as 
Alnus crispa, Viburnum edule and Cornus stolonifera. Consistent with our findings, Bennett et 
al. (1999) identified A. crispa and V. edule as dominant shrubs found in sites used by Canada 
Warblers in British Columbia.  Total shrub cover did not differ between use sites and non-use 
sites, likely due to the relatively uniform total shrub cover over our study area.  
 
The lower sapling density at sites occupied by Canada Warblers indicated that this species may 
discriminate against sites with high sapling densities. Our results with respect to shrub and 
sapling densities at use sites differs from studies of Canada Warbler habitat in eastern North 
America (e.g. Titterington et al. 1979) where higher shrub and sapling density has been cited as 
an important predictor of Canada Warbler occurrence. Schieck and Nietfeld (1995), however, 
found no relationship between Canada Warbler occurrence and shrub or sapling density in 
Alberta’s trembling aspen and mixedwood forests.  It is likely that Canada Warbler relationships 
with shrub cover and sapling density in our study reflect the use of mature hardwood and 
mixedwood stands containing those habitat elements. 
 

5.5 Coarse Woody Debris 
 
Volume of large CWD (> 30 cm diametre) was strongly associated with Canada Warbler 
breeding sites in both years of our study (MCA Ltd. 2007). Canada Warblers benefit from the 
potential for concealment on a structurally diverse forest floor when feeding nestlings and 
fledglings (Lambert and Faccio 2005). Furthermore, this species frequently nests on pieces of 
CWD and overturned tree roots (Peck and James 1987). In a study of Canada Warbler habitat in 
northeastern British Columbia, Enns and Siddle (1996) reported frequent windthrown trees and 
large woody debris. The abundance of large CWD in Canada Warbler habitat is likely also linked 
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with their preference for mature stands dominated by trembling aspen. Trembling aspen forests 
generally begin to senesce at 40 years of age, after which tree stems often break due to endemic 
heartrot (i.e., fungal pathogens such as Phellinus tremulae are very common in mature trembling 
aspen (Allen et al. 1996)).  These gap-forming events in the forest canopy also results in shrub 
development in the understory, and the creation of CWD (Cumming et al. 2000). 
   
 

6. Management Implications 
 
Canada Warbler is considered a species at risk in British Columbia due to its restricted range in 
the province and its dependence on mature aspen forests (Blood and Backhouse 1998). The 
impact of increased timber harvesting on this species is unknown, but may be substantial if 
forestry operations continue to remove significant amounts of mature hardwood forests from the 
landscape.  The goal of this study is to provide forest managers with information on the habitat 
requirements of this species in northeastern British Columbia. 
 
We recommend that forest managers use multiple approaches to protect Canada Warbler habitat 
in northeastern BC. One approach that may be effective is to coordinate the creation of Wildlife 
Habitat Areas (WHA’s) in areas known to have high densities of breeding Canada Warblers (see 
Cooper et al. 1997). Another approach is to retain stands with good Canada Warbler habitat 
across the managed landscape and through harvest rotations (e.g., stands of mature trembling 
aspen or mature mixedwood stands with large amounts of CWD and moderate shrub cover).  
 
We suggest that managers use mean values for overstory basal area, CWD volume, and canopy 
cover presented in this report as guidelines for identifying and managing for Canada Warbler 
habitat.  The preservation of habitat for Canada Warblers will likely also benefit other neo-
tropical migrants with similar habitat requirements, including the Conneticut Warbler (Oporornis 
agilis), Black-throated Green Warbler (Dendroica virens), Ovenbird (Seiurus aurocapillus), and 
Black-and-white Warbler (Mniotilta varia; Campbell et al. 2001). 
 
Due to the limited geographic scope of this project, strong conclusions and predictions about all 
Canada Warbler habitat across British Columbia cannot be made.  Our sample plots in the Fort 
Nelson Forest District were primarily located in one biogeoclimatic zone, with little variation in 
topography, soil moisture regime, or climate.  It would likely prove valuable to expand this study 
to include a number of different ecosystem types across the entire range of this species in British 
Columbia. 
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