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ABSTRACT 

The Williamson's sapsucker (Sphyrapicus thyroideus) is a medium-sized woodpecker that breeds 

in mixed conifer forests of western North America. Within Canada, the range of Williamson’s 

sapsucker is restricted to the southern interior of British Columbia, and the species was recently 

listed as endangered, based primarily on low population numbers and the rate of habitat loss of 

mature western larch (Larix occidentalis) forests. We conducted a resource selection analysis to 

determine the habitat features that best explain the probability of occurrence of Williamson’s 

sapsucker nests at two geographic regions within its present area of occurrence. Probability of 

nest occurrence was strongly tied to densities of potential nest trees, which were older-aged 

trembling aspen (Populus tremuloides) and Ponderosa pine (Pinus ponderosa) in the Western 

Region, and open forests with large diameter (diameter-at-breast-height >57.5 cm) western larch 

in the Okanagan-East Kootenay Region. These results can be used to inform this identification 

and protection of critical habitat as required by the Species at Risk Act in Canada. In particular, 

management should focus protection of aspen stands within proximity of Ponderosa pine forests, 

and on the maintenance and recruitment of a veteran layer of western larch trees.   

KEY WORDS Sphyrapicus thyroideus, resource selection, endangered species, British 

Columbia, western larch, coarse woody debris, critical habitat. 
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The Williamson's sapsucker, Sphyrapicus thyroideus (Cassin, 1852), is a medium-sized 

woodpecker that breeds in mixed conifer forests of western North America, from British 

Columbia to the southern United States, and northern Baja California in Mexico (Dobbs et al. 

1997). Within Canada, the range of Williamson’s sapsucker is restricted to the southern interior 

of British Columbia (Gyug et al. 2007).  In 2005, the Committee on the Status of Endangered 

Wildlife in Canada (COSEWIC) assessed the status of Williamson’s sapsucker as Endangered, 

based primarily on low population numbers, and the rate of habitat loss, particularly forests with 

mature western larch (Larix occidentalis) (COSEWIC 2005). Consequently, identification and 

protection of its critical habitat, defined as the habitat vital to the survival or recovery of a 

wildlife species, is presently required to protect and recover this species in Canada. 

Known resource requirements for Williamson’s sapsucker include suitable nest trees and 

foraging opportunities. Williamson’s sapsuckers excavate cavities to use as nests, and these have 

been found in standing trees or snags of several tree species throughout its range, including 

trembling aspen (Populus tremuloides), Ponderosa pine (Pinus ponderosa), lodgepole pine 

(Pinus contorta), red fir (Abies magnifica), white fir (Abies concolor), and western larch 

(Crockett and Hadow 1975, McClelland 1977, Raphael and White 1984, Bull et al. 1986, 

Conway and Martin 1993, Dobbs et al. 1997, Nielsen-Pincus and Garton 2007). In British 

Columbia, Campbell et al. (1990) published nest records for 28 Williamson's Sapsucker nests, of 

which 43% were in western larch. Gyug et al. (2009a) examined 262 nest trees discovered in 

southern British Columbia between 1995 and 2008, and found that nesting Williamson's 

Sapsucker predominantly used dead or injured large western larch, trembling aspen, and 

Ponderosa pine for nesting. Known foraging requirements for Williamson’s sapsucker include 

ants, carpenter ants (Camponotus spp.) in particular, which are fed to nestlings and constitute an 
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important component of adult diets (Dobbs et al. 1997).  In addition, foraging requirements 

include sap trees, typically coniferous trees in which conspicuous rings of holes ("sap wells") are 

drilled into tree trunks to allow sap to flow freely (Crockett and Haddow 1975, Gyug et al. 

2009b).   

These known resource requirements can be used to characterize the availability and 

suitability of habitat, as well as guide forest management practices that allow for the 

maintenance of these habitat features on the landscape. However, two points of uncertainty 

remain. First, descriptions of resource use (e.g., nest site use) may reflect historical processes, 

rather than represent adaptive choices made by species to meet their requirements (Jones 2001). 

Second, Williamson’s sapsuckers have shown some tolerance to timber harvest (Dobbs et al. 

1997), and may be able to continue foraging and persist after logging operations as long as key 

habitat features (e.g., nest trees) are retained (Franzreb and Ohmart 1978, Loose and Anderson 

1995). Thus, potential exists for forest management practices that allow for both timber harvest 

and the persistence of Williamson’s sapsuckers. However, the attaining of these two 

management objectives depends on the determination of these key habitat features and the levels 

to which they must retained. Both these two uncertainties can be addressed using a resource 

selection analysis (Manly et al. 2002), where habitat features at sites used by a species of interest 

are compared to sites with known absence. Nest site selection by woodpeckers integrates a 

variety of resource requirements because nest sites must concurrently allow them to securely 

raise a clutch of eggs, as well as meet the foraging requirements of both adults and nestlings. 

Therefore, we conducted a nest site selection study to compare the surrounding habitat of known 

nesting sites with randomly chosen locations to determine the habitat features that best explain 
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the probability of presence of Williamson’s sapsuckers nests within the current area of 

occupancy.  

STUDY AREA 

The study area consisted of the known area occupied by breeding Williamson’s sapsucker 

(the ‘Area of Occupancy’; Gyug et al. 2007), which included three geographical regions in the 

southern interior of British Columbia: the ‘Western Region’, west of the Okanagan valley 

principally near Merritt and Princeton; the ‘Okanagan Region’, east of Okanagan Lake and 

Okanagan valley between Penticton and Grand Forks; and the ‘East Kootenay Region’ near 

Cranbrook (Fig. 1). Forests cover much of the study area, with the dominant tree species being 

Douglas fir (Pseudotsuga menziesii), western larch, Ponderosa pine, lodgepole pine, trembling 

aspen, hybrid spruce (Picea glauca x engelmannii), and subalpine fir (Abies lasiocarpa).  Overall 

forest canopy composition was similar between the Okanagan and East Kootenay Regions. Both 

these two regions however had important differences in the species composition from the 

Western region, where western larch is absent, and Ponderosa pine and trembling aspen feature 

more prominently. Therefore, analyses were conducted separately for the Western Region, but 

the Okanagan and East Kootenay Regions were grouped together (the ‘Okanagan-East Kootenay 

Region’).   

METHODS 

Field methods 

Between 2006 to 2008, Williamson's Sapsucker nests were located primarily by 

following up detections made during wide-ranging call- and drum-playback surveys and 

revisiting sites where nests had been found historically (Gyug et al. 2007).  In 2008, random 
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points were chosen using which algorithm, with playback surveys done at each of these random 

points to confirm absence of Williamson’s sapsuckers. Forest habitat around nests and random 

points were characterized using vegetation plots in a 16-ha area (225-m radius) centered on the 

nest or plot center of the random point. The 16-ha sampling area was based on mean nearest-

neighbor nest distances of 450 m in the Okanagan and East Kootenay (Gyug et al. 2007), and 

was assumed to be the minimum breeding territory size within which a breeding pair could meet 

its foraging requirements. The vegetation sampling for standing live and dead trees was based on 

protocols used by the Birds and Burns Network (2005). At each nest tree/random point, four 50-

m transects were laid out in cardinal directions. Fifteen additional 50-m transects were placed 

randomly within the surrounding 16-ha area, with the constraint that they did not overlap with 

the nest tree transects and that they lay within boundaries of forest stands mapped by the 

provincial Vegetation Resource Inventory. 

Widths of sampling swaths at each 50-m transect were specific to the diameter classes of 

trees: 1 m for small trees 8-22 cm diameter-at-breast-height (dbh), 3 m for large live trees 23-57 

cm dbh, and 10 m for both large dead standing trees (‘snags’) that were ≥23 cm dbh and ≥1.4 m 

in height, and for (‘very large’) live trees ≥58 cm dbh. These widths resulted in plot sizes of 0.01, 

0.03 and 0.1 ha respectively, which were used to convert counts to densities (number per ha). 

The following were recorded for each live tree or snag within a plot: species, dbh within size 

classes (17.5-22.4, 22.5-37.4, 37.5-52.4, 52.5-57.4, 57.5-67.4, >67.5 cm), tree condition, whether 

the tree was a known Williamson's Sapsucker nest tree, and the presence of nest cavities in the 

tree. How was WISA suitability determined?  Downed tree stems (‘logs’) were counted along 

50-m transects, and their length and largest estimable diameter (led) were determined. Log 

volume (in m
3
/ha) was determined using the plot method in 2006 (reference?), and the plot 
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method and line intercept methods (Marshall et al. 2000) in 2007 and 2008.  Estimates of log 

volume from sites calculated using both the plot method and line method were very strongly 

correlated (Pearson’s correlation coefficient = 0.93, N = 30, P < 0.001), and so were averaged. 

Stumps were also counted if their led > 22.5 cm.  These data were then used to calculate a 

number of habitat features that were incorporated into modeling of nest site selection (Table 1).  

Geographic Information System (GIS) data 

Information on vegetation cover at nest sites and random points was taken from the 

Vegetation Resource Inventory of the British Columbia Ministry of Forests and Range, which 

provides vegetation polygon characteristics derived from aerial photography and other sources 

(BCMFOR 2009).  Circles of 225 m, 400 m, and 800 m were constructed around the locations of 

nests and random points, and the total proportions of different habitat types were determined.  

These habitat types were defined by leading tree species, which included Douglas fir, western 

larch, Ponderosa pine, lodgepole pine, other conifers (total sum of hybrid spruce, subalpine fir, 

and any other conifer species observed), and broadleaf species, in each of four stand age classes 

(0-39, 40-79, 80-119, and 120+ yrs). In addition, the area in each polygon consisting of cut block 

(<40 yrs old) was determined. Two distance measures were also calculated: the distance from the 

nest or random point to the nearest forest polygon 80+ yrs (assigned a value of 0 if the point was 

in a forested polygon 80+ yrs), and the distance from the nest or random point to the nearest edge 

of a forest cut block < 40 yrs old (assigned a value of 0 if the point was in a forest cut block < 40 

yrs old).  A preliminary evaluation revealed that GIS-derived habitat variables at 225-m and 400-

m radii were very strongly correlated (Pearson’s correlation coefficient > 0.85), and so only the 

225-m and 800-m radii were used in analyses. 
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Data Analysis 

To examine whether and how the probability of a site containing a Williamson’s 

sapsucker nest (hereafter ‘probability of nest occurrence’) varied with forest habitat features, we 

used a general linear model with nest or random point as a binary response variable, habitat 

variables as explanatory variables, a binomial error distribution, and logit link function 

(Venables and Ripley 2002). All potential habitat variables were grouped into a suite of 12 

general linear models (Table 1) to be ranked using an information-theoretic approach (Burnham 

and Anderson 2002).  The suite of 12 models included a mix of exploratory models as well as 

models designed to represent specific biological hypotheses about forest attributes thought to 

affect nest site selection.  The models were constructed in order of increasing specificity towards 

local conditions that might determine whether a forest patch was occupied.  Models 1-5 included 

only GIS variables. Model 1 was termed the ‘GIS stand composition 800’ model, and included 

percent area of the 800-m radius polygon by leading tree species. Model 2 was the ‘GIS 

ecological requirements 800’ model, which included variables thought to be associated with trees 

used for nesting and as sap trees. It included percent areas with older conifers (120+yrs old) and 

Broadleaf (80+ yrs old), mid-age Douglas-firs (80-199 yrs old) and mid-aged other species 

known to be sap trees (sum of western larch, Ponderosa pine, lodgepole pine, 80-199 yrs old).  

Models 3-4, ‘GIS stand composition 225’ and ‘GIS ecological requirements 225’, were the 225-

m radius equivalents of Models 1-2.  Model 5 (‘Stand history’) included terms for distance to cut 

blocks (<40 yrs old), distance to older stands (80+yrs), and percent of 225- and 800-m radius 

polygons that were cut blocks (<40 yrs old). Model 6 (‘Stand structure’) related to stand 

attributes independent of species composition, and included terms for stem densities in different 

dbh classes. Model 7 (‘Stand structure (non-linear)’) related to potential non-linear effects of  
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stem density, e.g., where probability of encountering a nest might increase with stem density but 

then decrease as stem density was too high, such as might be found in young vigorous forest 

stands.  Model 9 (‘Field stand composition’) included densities of trees with dbh > 17.5 cm, 

calculated from field data, where species included western larch, Douglas fir, Ponderosa pine, 

lodgepole pine, trembling aspen, and spruce and subalpine fir (the latter two species grouped due 

to small numbers). Model 10, the ‘Deadwood’ model, included only terms related to densities of 

logs, snags, and stumps, thought to be related to the presence of ants as well as nesting 

opportunities. Model 11 (‘Cavity availability’) was related included terms for densities of all 

cavities and those thought to be suitable for Williamson’s sapsucker. Model 12 (‘Field ecological 

requirements’) included terms for all habitat features thought be important to nesting and 

foraging Williamson’s sapsuckers: log volume, densities of stumps, densities of medium-sized 

(dbh > 17.5 and <57.4 cm) Douglas fir and other conifers known to be sap trees (sum of western 

larch, Ponderosa pine, lodgepole pine), densities of very large (dbh > 57.5 cm) western larch and 

snags, and densities of aspen (>37.5cm dbh).  The same set of models was used for both Western 

and Okanagan-East Kootenay Regions, with the exception that models for the Western Region 

did not include parameters for western larch, since this tree species is absent in this region.  

These 12 models were constructed using the glm package in R (R Development Core 

Team 2008), and ranked within an information-theoretic framework for their ability to 

parsimoniously explain the presence/absence of Williamson’s sapsucker nests. We calculated 

Akaike’s Information Criterion corrected for small samples (AICc), delta AICc (∆AICc), Akaike 

weights (w) for each model in the suite (Burnham and Anderson 2002).  In addition, we 

calculated two measures of fit, (i) the area under the curve (AUC) of the Receiver Operating 

Characteristic graph, a general measure of classifier performance, where values of 0.5 indicate 
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classifier is not better than random, and values of 1.0 indicate perfect discrimination (Sing et al. 

2005, Fawcett 2006); and (ii) a deviance-based R
2
 measure (Menard 2000), where R

2
 = 1 – 

Devm/Dev0, Devm = deviance of the model of interest, and Dev0 = deviance of the null (intercept 

only) model.  In addition, we calculated model-averaged parameter estimates and 95% 

confidence intervals to assess the effects of all habitat variables on the probability of nest 

occurrence.  We also assessed the effect of specific habitat variables (see Results) using a 

graphical approach for inference: using the range of observed values for the habitat variables, we 

obtained predictions and standard errors of predictions from the model in which that habitat 

variable was included, with all other habitat variables in the model set their mean values. These 

predictions and their 95% prediction intervals were then plotted together with observed data, 

paying attention to values where the prediction interval encompassed 0 or 1.   

RESULTS 

Vegetation plots were used to characterize forest habitat at a total of 138 nest sites and 97 

random non-occupied sites, where 69 sites (41 nests, 28 random sites) were from the Western 

Region, and 166 sites (97 nests, and 69 random sites) were from the Okanagan-East Kootenay 

Region.  

Rankings of explanatory models varied between the Western and the Okanagan-East 

Kootenay Regions, although models based on field variables were better supported than models 

composed of GIS variables in both regions. Model 12 (‘Field ecological requirements’) was 

among top models (∆AICc < 4) in both regions, and competing models tended to be related to 

stand composition in the Western Region, while they tended to be related to stand structure in the 

Okanagan-East Kootenay Region (Table 2).  Although competing models had low R
2
 values, 
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ranging between 0.23 to 0.28 in the Western Region, and between 0.18 to 0.20 in the Okanagan-

East Kootenay, they generally provided reliable discrimination between nest sites and random 

points, with AUC values of >0.83 in the Western Region, and > 0.75 in the Okanagan-East 

Kootenay Region. 

In the Western Region, probability of nest occurrence was strongly tied to densities of 

trembling aspen and ponderosa pine, and model-averaged parameters for these variables had 

95% confidence intervals that did not encompass 0 (Table 3).  The 95% prediction intervals 

indicated that probability of nest occurrence became statistically indistinguishable from 1 at sites 

with densities of > 50 trembling aspen per ha, or at with densities of > 100 Ponderosa pine per ha 

(Fig. 3).  Probability of nest occurrence declined with density of small diameter trees (dbh <17.4 

cm), and with densities of logs and log volume (Fig. 3), as parameters for these variables all had 

negative values and 95% confidence that did not encompass 0.  GIS variables matched these 

patterns, as probability of occurrence increased with the proportion of 800-m radius polygons 

with Broadleaf, Broadleaf 80+ yrs, and Ponderosa pine (Table 3).  The 95% prediction intervals 

indicated that probability of nest occurrence became statistically indistinguishable from 1 at 800-

m radius polygons with >30% Broadleaf, or >15% Broadleaf 80+ yrs, or 50% Ponderosa pine 

(Fig. 3).  In addition, probability of nest occurrence was positively associated with the proportion 

of polygons with sap trees species other than Douglas fir (Ponderosa pine, lodgepole pine, and 

western larch), both at the 225-m and 800-m radius (Table 3), and become indistinguishable 

from 1 when these percents exceeded 50% (Fig. 3). 

In the Okanagan-East Kootenay Region, Williamson’s sapsucker nests tended to be found 

at sites with higher densities of larger diameter trees, particularly western larch, and probability 

of nest occurrence was strongly negatively correlated with overall stem density. Model 12 (‘Field 
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ecological requirements’) model gathered the bulk of support (w12 = 0.79), in which parameter 

estimates whose confidence intervals did not encompass 0 included density of very large western 

larch, density of other sap trees, and log volume (Table 3). The 95% prediction intervals for the 

effect of very large diameter western larch indicated that probability of nest occurrence became 

statistically indistinguishable from 1 when densities exceeded 10 stems/ha (Fig. 4). These results 

matched results from Model 6 (‘Stand structure’), the second best model (∆AIC < 4), which 

indicated a positive correlation between probability of nest occurrence with densities of live trees 

of dbh ranging between 37.5 to 52.4 cm, and a negative correlation with densities of live trees of 

dbh ranging between 22.5 to 37.4 cm (Table 3, Fig. 4). Further, model-averaged parameters for 

the densities of several types of trees, including Douglas fir (dbh >17.5 cm), lodgepole pine (dbh 

>17.5 cm), other sap trees (17.5 > dbh < 57.5 cm), and snags (dbh > 22.5 cm), all had negative 

estimates with confidence intervals that did encompass 0 (Table 3; Fig. 4). In addition, 

probability of nest occurrence was negatively correlated with volume of logs (led > 22.5 cm) 

(Table 3; Fig. 4).  Despite the relative lack of support for models composed of GIS-derived 

variables, several of these variables, including percent of the polygon with western larch (225 

and 800 m scales), lodgepole pine (225 and 800 m scales), Douglas fir (225 m), Ponderosa pine 

(800 m), and other sap trees 80-119 yrs (800 m), had negative parameter estimates with 95% 

confidence intervals that did not encompass 0 (Table 3; Fig. 5), suggesting that probability of 

nest occurrence was highest at some combination of low percents of each of these variables. 

Only one GIS-derived habitat variable, percent Douglas fir 80-119 yrs, had a positive effect on 

probability of nest occurrence (Table 3, Fig. 5). 

 The contrasting positive effect of density of large diameter trees with the negative effect 

of density of small diameter trees on probability of nest occurrence was supported by the 
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predictions of Model 6 (‘Stand structure (non-linear)’). In the Okanagan-East Kootenay Region, 

this model was the third-best model (Table 2), and had parameter values whose 95% confidence 

intervals did not encompass 0 (Table 3). Although this model did not receive much support in the 

Western Region, it made the same predictions in both regions: probability of nest occurrence 

increased with stem density up to a range of 100-200 stems/ha, after which it declined such that 

the 95% prediction interval included 0 at densities >350 stems/ha (Fig. 6). 

DISCUSSION 

 Our findings support previous studies that suggest Williamson’s sapsuckers use a variety 

of forest habitats, but tend to select breeding territories based on the numbers of potential nest 

sites (Li and Martin 1991, Crockett and Hadow 1975, Conway and Martin 1993, Nielsen-Pincus 

and Garton 2007). In the Western Region of its breeding range in British Columbia, selected 

habitats included forests with trembling aspen and Ponderosa pine where overall stem density 

did not exceed 350 stems per ha (Fig. 2). These habitat features match closely preferred habitats 

in northern Colorado, which were aspen stands within open Ponderosa pine forests that provided 

both nesting and foraging opportunities (Crockett and Hadow 1975). Aspen has been identified 

as a preferred nest tree species throughout the range of the Williamson’s sapsucker, with 

particular emphasis on aspen snags (Crockett and Hadow 1975, Li and Martin 1991, Conway and 

Martin 1993).  Williamson’s sapsucker tend to use only a small proportion of suitable nest trees 

(Gyug et al. 2009a), and therefore the high densities of aspen preferred by Williamson’s 

sapsucker in the Western Region may be necessary to provide an adequate number of large 

snags. The association between nest occurrence and densities of aspen and Ponderosa pine was 

corroborated by results from GIS-derived variables that similarly suggested nesting Williamson’s 

sapsucker selected stands composed of >50% Ponderosa pine and >15% mature broadleaf 
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species (Fig. 3).  Most of the GIS-derived variables found to be important in the Western Region 

were at the 800-m radius, rather than the 225-m radius (Fig. 3).  This larger scale suggests 

sapsuckers in the Western Region may have larger territories than in other regions within British 

Columbia, such as suggested by Gyug et al. (2007) based on mean distances among nests. 

In the Okanagan-East Kootenay Region, nesting Williamson’s sapsuckers selected sites 

with >10 western larch stems of dbh >57.5 cm, with relatively lower densities of small-diameter 

trees, higher densities of large-diameter trees, and lower log volumes than random points. In 

combination with GIS-variables that show that Williamson’s sapsucker select sites with 80-119 

yr old Douglas fir (Fig. 5), these results indicate that mature Douglas fir forests with a veteran 

layer of western larch may be particularly valuable. Gyug et al. (2009a) suggest that large 

veteran western larch are high quality nesting sites that provide an excellent substrate for 

excavation because such trees have sapwood that is very resistant to decay combined with more 

easily decayed heartwood (McClelland and McClelland 1999).  In addition, large veteran 

western larch can stand for centuries (Arno et al. 1997), and may thus provide long-term 

breeding sites for Williamson’s sapsuckers. These western larch forests have the highest 

densities of breeding Williamson’s sapsuckers in British Columbia (Gyug et al. 2007), and 

therefore short-term management of Williamson’s sapsucker in the Okanagan-East Kootenay 

Region should focus on retention of large western larch veteran trees. Long-term management 

will involve the facilitation of recruitment of larger-diameter larch, perhaps by reducing stem 

density of lower-diameter trees (‘thinning-from-below’). Western larch responds well to thinning 

operations (Seidel 1986). In addition, prescribed burns would also reduce lower-diameter stem 

densities, clear the understory, and would mimic the natural disturbance regime that likely 

initially created these mature stands. Fielder and Harrington (2004) provided evidence that a 
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combination of thinning and prescribed underburns showed promise for successfully restoring an 

old-growth forest in Montana.  

The negative association between probability of nest occurrence and log volume 

contravened our expectation that Williamson’s sapsucker foraging on ants should result in a 

positive association with coarse woody debris.  Log volume was calculated in two different ways 

during our study, with the line-intercept method being used at all random points. Estimates of log 

volume can vary with their method of calculation (Warren et al. 2008), and we thus repeated this 

analysis using only data collected using the line-intercept method. This restriction resulted in a 

smaller sample size (N = 51 in Western Region, N = 103 in Okanagan-East Kootenay), but this 

result was upheld (Western Region: β = -0.05, SE = 0.02, 95%CI = [-0.09,-0.01]; Okanagan-East 

Kootenay: β = -0.03, SE = 0.01, 95%CI = [-0.08,-0.01]). Similarly, Nielsen-Pincus and Garton 

(2007) found that nest sites tended to have lower densities of logs than random points. We 

speculate Williamson’s sapsuckers may select for a sparser understory to balance ground 

foraging opportunities with predation risk. Williamson’s sapsucker and northern flickers 

(Colaptes auratus) have similar annual survival rates (Clark and Martin 2007), and both species 

forage on the ground for ants, and thus may be under similar selection pressures. Elchuk and 

Wiebe (2002) found that foraging northern flickers selected sites with both open ground and 

sufficient tree cover, and suggested this habitat provided both ants and decreased predation risk 

from raptors.   

MANAGEMENT IMPLICATIONS 

Nesting Williamson’s sapsuckers selected two basic types of habitats in British 

Columbia: sites that contained older-aged trembling aspen and Ponderosa pine, and mature open 
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forests with large diameter (dbh >57.5 cm) western larch. Under the Species at Risk Act, 

provincial and federal governments in Canada have a legislated responsibility to identify and 

protect critical habitat, which is defined as the habitat necessary to the survival or recovery of a 

wildlife species and that is so identified in a Recovery Strategy or Action Plan. These results can 

be used to inform this identification process, where relevant GIS-derived variables can be used to 

map locations of potentially suitable habitats, and important habitat features identified from 

vegetation plots can be used to guide management actions within suitable habitat. Retention of 

all large diameter western larch within known Williamson’s sapsucker habitat in the Okanagan 

and East Kootenay Regions will be a key component of such management plans. Similar 

considerations will have to be taken for aspen stands within close proximity to Ponderosa pine 

forest.  Old-growth western larch and aspen stands in western forests provide valuable habitat for 

a large number of bird species (McClelland et al. 1979, Martin et al. 2004, Drever et al. 2008), 

and thus management for the preservation of Williamson’s sapsucker may have collateral 

benefits for avian biodiversity as a whole. 
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FIGURE CAPTIONS 

Fig. 1. Map of the study area. 

Fig. 2. Predicted relationships between probability of nest occurrence and forest habitat variables 

measured from field data in the Western Region of the area of occurrence for Williamson’s 

sapsucker in British Columbia, 2006-2008. Grey points depict nest occurrence (‘Nest’) or 

random point (‘Point’), and title of each plot indicates habitat variable (dbh in cm). Solid lines 

indicate predicted values and thin dashed lines represent the 95% prediction interval. 

Fig. 3. Predicted relationships between probability of nest occurrence and forest habitat variables 

derived from Vegetation Resource Inventory data in the Western Region of the area of 

occurrence for Williamson’s sapsucker in British Columbia, 2006-2008. Grey points depict nest 

occurrence (‘Nest’) or random point (‘Point’), and title of each plot indicates habitat variable. 

Solid lines indicate predicted values and thin dashed lines represent the 95% prediction interval. 

Fig. 4. Predicted relationships between probability of nest occurrence and forest habitat variables 

measured from field data in the Okanagan-East Kootenay Region of the area of occurrence for 

Williamson’s sapsucker in British Columbia, 2006-2008. Grey points depict nest occurrence 

(‘Nest’) or random point (‘Point’), and title of each plot indicates habitat variable (dbh in cm). 

Solid lines indicate predicted values and thin dashed lines represent the 95% prediction interval. 

Not shown is density of other saptrees (dbh >17.5 and <57.5), which had a very similar 

relationship as density of Douglas fir live trees (dbh >17.5). 

Fig. 5.  Predicted relationships between probability of nest occurrence and forest habitat 

variables derived from Vegetation Resource Inventory data in the Okanagan-East Kootenay 

Region of the area of occurrence for Williamson’s sapsucker in British Columbia, 2006-2008. 
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Grey points depict nest occurrence (‘Nest’) or random point (‘Point’), and title of each plot 

indicates habitat variable. Solid lines indicate predicted values and thin dashed lines represent the 

95% prediction interval. Not shown are Percent Western Larch (800 m) and Percent Lodgepole 

Pine (800 m), as these two variables had very similar effects as the effects depicted at 225 m 

scale. 

Fig. 6. Effects of tree stem density on the probability of a site containing a Williamson’s 

sapsucker nests in two regions of interior British Columbia, 2006-2008.  Points indicated 

observed values and lines depict predicted values and 95% prediction intervals. 
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Table 1. Suite of models to depict probability of encountering a Williamson’s sapsucker nest as a function of habitat variables in 

southern British Columbia, 2006-2008. Variables in curly brackets were not included in models for the Western Region. 

Model Model Name Variables Included 

1 GIS stand 

composition 800 

Percent of polygon area by leading tree species at 800 m radius scale, all age classes. Leading tree species 

included: Douglas fir, {western larch}, Ponderosa pine, lodgepole pine, broadleaf species, and other 

conifers.  

2 GIS ecological 

requirements 800  

Percent composition of area with forest characteristics associated with nesting and sap trees at 800 m radius 

scale. Variables included percents of Douglas fir (120+ yrs old), {western larch (120+ yrs)}, Ponderosa pine 

(120+ yrs), broadleaf species (80+ yrs old), other conifers (120+ yrs old), Douglas fir (80-120 yrs old), and 

other sap trees (sum of western larch, Ponderosa pine, lodgepole pine (80-120 yrs old)).  

3 GIS stand 

composition 225 

Percent of polygon area by leading tree species at 225 m radius scale, all age classes. Leading tree species 

included: Douglas fir, {western larch}, Ponderosa pine, lodgepole pine, broadleaf species, and other conifers 
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4 GIS ecological 

requirements 225 

Percent composition of area with forest characteristics associated with nesting and sap trees at 225 m radius 

scale. Variables included percents of Douglas fir (120+ yrs old), {western larch (120+ yrs)}, Ponderosa pine 

(120+ yrs), broadleaf species (80+ yrs old), {other conifers (120+ yrs old)}, Douglas fir (80-120 yrs old), 

and other sap trees (sum of western larch, Ponderosa pine, lodgepole pine (80-120 yrs old)). 

5 Stand history Percent of 225-m and 800-m polygons with logging history (< 40 yrs old), distances to stand of age 80+ yrs, 

and to stand with logging history (< 40 yrs old). 

6 Stand structure Densities of live trees in different dbh classes, including <17.4, 17.5-22.4, 22.5-37.4, 37.5-52.4, 57.5-67.4, 

and >67.5 cm, as well as densities of all large (dbh > 57.5 cm) structures (trees, snags, and stumps). 

7 Stand structure 

(non-linear) 

Density of all stems (dbh > 17.5 cm) and quadratic term 

8 Stand composition Densities of all stems (dbh > 17.5 cm) by species, trembling aspen, Douglas fir, {western larch}, Ponderosa 

pine, lodgepole pine, and combined spruce and subalpine fir.  
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9 Stand composition 

– large diameter 

stems 

Density of very large stems (dbh > 57.5 cm) by species, trembling aspen, Douglas fir, {western larch}, 

Ponderosa pine, and combined spruce and subalpine fir. 

10 Deadwood (‘Ants’) Densities of logs, snags, and stumps (dbh > 22.5 cm) 

11 Cavity availability Densities of all trees and snags with cavities, and densties of trees and snags with cavities suitable for 

Williamson’s sapsucker  

12 Field Ecological 

requirements 

Forest characteristics associated with coarse woody debris, and trees use for nesting and sap trees: log 

volume, densities of stumps, densities of medium-sized (dbh > 17.5 and <57.4 cm) Douglas fir and other 

conifers known to be sap trees (sum of western larch, Ponderosa pine, lodgepole pine), densities of very 

large (dbh > 57.5 cm) {western larch} and snags, and densities of aspen (>37.5cm dbh).    
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Table 2. Ranking of models relating probability of Williamson’s sapsucker nest occurrence as a function of forest habitat variables in 

the two regions of British Columbia, Canada, 2006-2008.  LL = log likelihood, K = number of parameters, n = sample size, AICc = 

Akaike’s Information Criterion corrected for small sample sizes, ∆AICc = the difference in AICc between each model and the model 

with the minimum AICc, w = Akaike weight, AUC = Area Under Curve of receiver operating characteristic (see Methods for details), 

R
2
 = proportion of total variation in response variable explained by each model. Models are ranked in ascending order by ∆AICc.   

Model Model Name LL K n AICc ∆AICc w AUC R
2
 

 Western Region         

8 Stand composition -33.8 6 69 80.9 0.0 0.66 0.85 0.28 

12 Field ecological requirements -34.5 7 69 84.8 3.9 0.09 0.83 0.26 

1 GIS stand composition 800 -35.9 6 69 85.1 4.2 0.08 0.83 0.23 

3 GIS stand composition 225 -36.1 6 69 85.5 4.6 0.07 0.81 0.23 

4 GIS ecological requirements 225 -36.3 6 69 86.0 5.1 0.05 0.80 0.22 

2 GIS ecological requirements 800  -36.1 7 69 87.9 7.0 0.02 0.80 0.23 

6 Stand structure -35.3 8 69 89.1 8.2 0.01 0.80 0.24 

10 Deadwood (‘Ants’) -40.7 4 69 90.0 9.1 0.01 0.73 0.13 

9 Stand composition – large diameter stems -39.9 5 69 90.8 9.9 <0.01 0.75 0.14 



27 

 

Model Model Name LL K n AICc ∆AICc w AUC R
2
 

7 Stand structure (non-linear) -45.7 3 69 97.7 16.8 <0.01 0.53 0.02 

11 Cavity availability -46.6 3 69 99.5 18.6 <0.01 0.58 0.00 

5 Stand history -45.2 5 69 101.5 20.5 <0.01 0.63 0.03 

 Okanagan-East Kootenay Region         

12 Field ecological requirements -90.1 8 166 197.1 0.0 0.79 0.79 0.20 

6 Stand structure -91.8 8 166 200.6 3.5 0.14 0.77 0.18 

7 Stand structure (non-linear) -97.9 3 166 201.9 4.8 0.07 0.72 0.13 

8 Stand composition -100.4 7 166 215.5 18.4 <0.01 0.71 0.11 

10 Deadwood (‘Ants’) -106.9 4 166 222.0 24.9 <0.01 0.63 0.05 

1 GIS stand composition 800 -103.9 7 166 222.5 25.4 <0.01 0.67 0.08 

3 GIS stand composition 225 -104.0 7 166 222.7 25.6 <0.01 0.66 0.08 

5 Stand history -107.7 5 166 225.8 28.7 <0.01 0.66 0.04 

9 Stand composition – Large diameter stems -107.2 6 166 226.9 29.8 <0.01 0.66 0.05 

11 Cavity availability -110.8 3 166 227.8 30.6 <0.01 0.63 0.02 

2 GIS ecological requirements 800  -105.7 8 166 228.2 31.1 <0.01 0.63 0.06 
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Model Model Name LL K n AICc ∆AICc w AUC R
2
 

4 GIS ecological requirements 225 -106.6 8 166 230.0 32.9 <0.01 0.63 0.05 
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Table 3. Model-averaged parameter estimates for models explaining Williamson’s sapsucker nest occurrence as a function of forest 

habitat variables in the two regions of British Columbia, Canada, 2006-2008.  Coeff. = coeffiecient, SE = standard error, t = ration of 

coefficient to standard error. Parameters where |t| > 1.96 have 95% confidence intervals that do not include 0 (in bold).   

Variable Model Coeff. SE t  Coeff. SE t 

  Western Region  Okanagan-East Kootenay 

Region 

Percent Broadleaf - all age classes (800 m rad.) 1 0.128 0.054 2.39  0.067 0.120 0.56 

Percent Other conifers - all age classes (800 m rad.) 1 -0.153 0.229 -0.67  0.029 0.042 0.69 

Percent Douglas fir - all age classes (800 m rad.) 1 0.021 0.019 1.11  -0.022 0.011 -1.94 

Percent Western Larch - all age classes (800 m rad.) 1     -0.029 0.010 -2.85 

Percent Lodgepole Pine - all age classes (800 m rad.) 1 0.027 0.031 0.86  -0.028 0.012 -2.29 

Percent Ponderosa Pine - all age classes (800 m rad.) 1 0.093 0.030 3.08  -0.105 0.048 -2.20 

Percent Broadleaf - 80+ yrs (800 m rad.) 2 0.115 0.049 2.34  -0.006 0.272 -0.02 

Percent Other Conif Leading 120+ yrs (800 m rad.) 2 -0.177 0.256 -0.69  0.083 0.071 1.18 

Percent Douglas-fir Leading 80-119 yrs (800 m rad.) 2 0.024 0.018 1.31  0.021 0.013 1.57 

Percent Douglas-fir Leading 120+ yrs (800 m rad.) 2 -0.005 0.019 -0.25  -0.001 0.010 -0.06 
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Variable Model Coeff. SE t  Coeff. SE t 

Percent Western Larch Leading 120+ yrs (800 m rad.) 2     0.012 0.013 0.92 

Percent Other Saptrees leading 80-119 yrs (800 m rad.) 2 0.068 0.023 2.91  -0.031 0.013 -2.37 

Percent Ponderosa Pine Leading 120+ yrs (800 m rad.) 2 0.041 0.029 1.4  -0.117 0.081 -1.44 

Percent Broadleaf - all age classes (225 m rad.) 3 0.023 0.021 1.09  -0.011 0.053 -0.21 

Percent Other conifers - all age classes (225 m rad.) 3 -1.420 142.9 -0.01  -0.027 0.023 -1.18 

Percent Douglas fir - all age classes (225 m rad.) 3 -0.015 0.012 -1.25  -0.027 0.009 -2.95 

Percent Western Larch - all age classes (225 m rad.) 3     -0.028 0.009 -3.18 

Percent Lodgepole Pine - all age classes (225 m rad.) 3 -0.014 0.021 -0.66  -0.033 0.010 -3.31 

Percent Ponderosa Pine - all age classes (225 m rad.) 3 0.022 0.014 1.5  -0.038 0.032 -1.17 

Percent Broadleaf - 80+ yrs (225 m rad.) 4 0.057 0.030 1.93  -0.751 69.6 -0.01 

Percent Other Conif Leading 120+ yrs (225 m rad.) 4     0.022 0.055 0.40 

Percent Douglas-fir Leading 80-119 yrs (225 m rad.) 4 0.001 0.010 0.1  0.017 0.008 2.13 

Percent Douglas-fir Leading 120+ yrs (225 m rad.) 4 -0.020 0.014 -1.45  -0.002 0.007 -0.26 

Percent Western Larch Leading 120+ yrs (225 m rad.) 4     0.004 0.009 0.42 

Percent Other Saptrees leading 80-119 yrs (225 m rad.) 4 0.040 0.017 2.37  -0.013 0.009 -1.37 
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Variable Model Coeff. SE t  Coeff. SE t 

Percent Ponderosa Pine Leading 120+ yrs (225 m rad.) 4 0.014 0.014 0.97  1.432 134.8 0.01 

Distance to Forest Cover Polygon of Age 80+ based on Rank=1 

layers only.  

5 0.001 0.003 0.25  -0.002 0.001 -1.32 

Distance to a forest polygon with logging history and Age <40 

years  

5 -0.002 0.001 -1.17  -0.001 0.001 -1.77 

Percent of polygon with logging history and Age <40 years (225 

m rad.) 

5 -0.738 1.148 -0.64  -0.001 0.722 0.00 

Percent of polygon with logging history and Age <40 years (800 

m rad.) 

5 0.773 2.010 0.38  0.479 1.204 0.40 

Density of live trees (dbh <17.4) 6 -0.012 0.005 -2.37  -0.004 0.002 -1.89 

Density of live trees (dbh 17.5-22.4) 6 -0.006 0.012 -0.44  -0.005 0.005 -0.96 

Density of live trees (dbh 22.5-37.4) 6 0.060 0.042 1.42  -0.043 0.016 -2.76 

Density of live trees (dbh 37.5-52.4) 6 0.044 0.099 0.45  0.109 0.039 2.76 

Density of live trees (dbh 57.5-67.4) 6 -0.694 0.381 -1.82  -0.035 0.199 -0.18 

Density of live trees (dbh >67.5 ) 6 0.423 0.229 1.85  0.019 0.071 0.27 
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Variable Model Coeff. SE t  Coeff. SE t 

Density of very large trees snags stumps (dbh >57.5) 6 -0.036 0.049 -0.74  0.013 0.019 0.68 

Density of all live trees (dbh >17.5) 7 0.011 0.009 1.32  0.021 0.008 2.60 

Density of all live trees (quadratic) 7 -0.00003 0.00002 -1.29  0.000 0.000 -3.35 

Density of live trees Trembling Aspen (dbh >17.5) 8 0.070 0.026 2.64  0.009 0.038 0.23 

Density of live trees Douglas fir (dbh >17.5) 8 -0.0003 0.0043 -0.06  -0.007 0.003 -2.79 

Density of live trees Western Larch (dbh >17.5) 8     -0.005 0.003 -1.49 

Density of live trees Lodgepole Pine (dbh >17.5) 8 -0.044 0.029 -1.53  -0.020 0.008 -2.69 

Density of live trees Ponderosa Pine (dbh >17.5) 8 0.024 0.009 2.57  -0.022 0.019 -1.16 

Density of live trees spruce and subalpine fir (dbh >17.5) 8 -0.016 0.019 -0.87  0.008 0.007 1.12 

Density of very large Trembling Aspen (dbh >57.5) 9 -13.5 1150.1 -0.01  98.8 5318.8 0.02 

Density of very large Douglas fir (dbh >57.5) 9 -0.300 0.156 -1.93  -0.006 0.072 -0.09 

Density of very large Spruce and fir (dbh >57.5) 9 -0.649 0.394 -1.64  0.145 0.420 0.34 

Density of very large Larch (dbh >57.5) 9,12     0.196 0.093 2.11 

Density of very large Ponderosa pine (dbh >57.5) 9,12 0.249 0.187 1.33  -0.193 0.317 -0.61 

Density of all logs (dbh >22.5) 10 -0.035 0.012 -2.84  -0.010 0.006 -1.55 
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Variable Model Coeff. SE t  Coeff. SE t 

Density of all snags (dbh >22.5) 10 -0.002 0.004 -0.57  -0.009 0.004 -2.07 

Density of all stumps (dbh >22.5) 10 0.010 0.007 1.5  0.001 0.003 0.24 

Density of all trees or snags with cavities  11 -0.035 0.254 -0.14  -0.003 0.084 -0.03 

Density of all trees or snags with cavities suitable for 

Williamson’s sapsucker  

11 0.146 1.376 0.11  1.020 0.688 1.48 

Density of live trees Trembling Aspen (dbh >37.5) 12 0.642 0.370 1.73  -0.096 0.119 -0.81 

Density of large live trees Douglas fir (dbh >17.5 and <57.5) 12 -0.002 0.006 -0.37  -0.005 0.003 -1.82 

Density of other sap trees (dbh >17.5) 12 0.011 0.009 1.22  -0.008 0.003 -2.84 

Density of very large snags (dbh >57.5) 12 0.116 0.331 0.35  0.274 0.193 1.42 

Volume of logs (led >22.5) 12 -0.058 0.027 -2.18  -0.040 0.011 -3.75 
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Fig. 1. Map of the study area.  Pulled from the GIS work plan. Does anyone have a better one? 
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Fig. 2.  
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Fig. 3.  
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Fig. 4 
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Fig. 5 
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Fig. 6.  
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