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ABSTRACT: 1 

The forests of the dry interior of British Columbia, Canada, support a diverse array of 2 

cavity–nesting birds. These forests are dominated by conifers, particularly Douglas–fir 3 

(Pseudotsuga mensiezii), with only a minor component of trembling aspen (Populus 4 

tremuloides). Because of the rarity of this deciduous component, and with the fact that 5 

cavity-nesting birds have been shown to display an affinity towards aspen, we initiated a 6 

2-year study (2005, 2006) on the cavity-nesting bird assemblages within these forest 7 

stands. Point-count sampling showed a greater abundance and diversity of cavity–nesting 8 

birds within pure aspen stands, as compared to pure stands of Douglas-fir or stands 9 

containing a mixture of both tree species.  Although only 1 of the 12 cavity-nesting 10 

species surveyed (three-toed woodpecker, Picoides tridactylus) was not detected in all 11 

three habitat types, all of the species showed greater abundance within the aspen stands.   12 

Further, species richness and several indices of community diversity (Shannon’s, 13 

Simpson’s, and MacArthur’s) consistently were higher within the aspen stands.  The 14 

abundance of five of six species of weak cavity excavating species were correlated with 15 

the abundance of primary cavity excavating species. Snag (dead tree) densities was 16 

strongly correlated with the abundance of both the primary- and weak-cavity nesting 17 

species. All told, our results revealed the importance of the relatively scarce aspen stands 18 

in maintaining the overall community of cavity-nesting birds within these dry forests. 19 

 20 

Keywords: cavity–nesting bird, coarse woody debris, community, Douglas–fir, trembling 21 

aspen    22 
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INTRODUCTION 23 

Several authors have identified the potential value of using cavity–nesting birds for 24 

ecological studies examining regional biodiversity (Jarvinen and Vaisanen 1979, 25 

Croonquist and Brooks 1991, Bradford et al. 1998, Nilsson et al. 2001, Mikusinski et al. 26 

2001). The density and diversity of cavity–nesting birds may have a strong influence on 27 

the richness and abundance of other nest cavity breeding and/or roosting species (Martin 28 

and Eadie 1999). Cavities created by excavating cavity–nesting birds are used by a host 29 

of other secondary cavity–nesting species (Carlson et al. 1998, Martin et al. 2004). In 30 

fact, at least 75 bird and 20 mammal species in North America use tree cavities (Aitken 31 

and Martin 2004) and some of these species are partly or entirely dependent on cavity–32 

nesting excavating birds for this critical resource (Martin et al. 2004). Cavity–nesting 33 

birds are also strongly tied to forests, and therefore may be considered a ‘demanding’ 34 

taxonomic group, in terms of their ecological requirements (Mikuskinski et al. 2001). 35 

Overall, cavity–nesting birds are considered important components of the avifauna of the 36 

forested ecosystems (Weikel and Hayes 1999) . 37 

    Within temperate forests, deciduous trees often are selected preferentially by cavity–38 

nesting birds for nest site location (Angelstam and Mikusinski 1994, Carlson et al. 1998,  39 

Aitken and Martin 2004, Martin et al. 2004) due to a relatively high occurrence of decay 40 

fungi, such as heart rot, Fomes ignarius (DeByle et al. 1985). In fact, Martin et al. (2004) 41 

found that 95% of cavities used by cavity–nesting species in the interior of British 42 

Columbia (BC) were located in trembling aspen (Populus tremuloides) trees, although 43 

this species only comprised 15% of available trees at their study site. This work supports 44 

the general notion that aspen stands will support a diverse community of cavity–nesting 45 
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birds (Sheppard et al. 2006). However, cavity–nesting birds also depend on coniferous 46 

forests for foraging (Kreisel and Stein 1999, Weikel and Hayes 1999, Walter and 47 

Maguire 2005, Hartwig et al. 2006, Pechacek 2006).  Mixedwood stands (containing both 48 

deciduous and coniferous trees) therefore may also support a diverse community of 49 

cavity–nesting birds (DeByle et al. 1985), as multiple resources are potentially available 50 

– deciduous trees for nesting and coniferous trees for foraging. These sites also should 51 

support both primary– and weak cavity–excavating species.    52 

Cavity–nesting bird communities are structured in nest webs that contain primary cavity 53 

excavators (PCE), weak cavity excavators (WCE), and secondary cavity–nesters (Martin 54 

and Eadie 1999). This guild classification is based on the mode of cavity acquisition 55 

(Aitken et al. 2002). Primary cavity excavators (PCE) birds, such as woodpeckers and 56 

related species, are those who excavate cavities that are used both by themselves and a 57 

host of other species (Daily et al. 1993, Aitken and Martin 2004). Weak cavity–58 

excavators, such as nuthatches and chickadees, excavate their own cavities, use natural 59 

cavities, or use cavities created by other species (Aitken et al. 2002). Secondary cavity–60 

nesters use cavities created by other species or naturally-occurring cavities (Aitken et al. 61 

2002). The relative proportion of each of these different cavity–nesting birds can be used 62 

to infer ecological relationships within that bird community. For example, a higher 63 

proportion of PCE may reveal information about the structural dynamics of the stand. It 64 

also may reveal the potential for a larger community of animals to be present (Martin and 65 

Eadie 1999).  66 

     Competition and more direct interspecific interactions also may influence the presence 67 

and relative proportions of different cavity-nesting birds (Stauffer and Best 1982, 68 
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Walankiewicz 1991). As cavity–nesting birds often compete for similar resources, such 69 

as access to cavities and snags, ecological separation sometimes occurs between species 70 

(Gutzwiller and Anderson 1987). At the relatively fine spatial scale, this separation most 71 

often is reflected by the use of different–sized cavities (Martin et al. 2004) as well as by 72 

varying cavity height (Stauffer and Best 1982). Although, PCE and WCE species use 73 

similar resources, ecological separation of these resources appears to allow for the co–74 

existence of these birds within a given site. This hierarchal community structure may also 75 

allow for strong interdependencies among members of these cavity-nesting bird 76 

communities (Martin and Eadie 1999).  77 

     Herein we explore the cavity–nesting bird communities within three forest types 78 

within the dry interior forests of British Columbia, Canada. Specifically, we examine 79 

how the diversity and abundance of these birds within rare, pure aspen stands compares 80 

to the more widespread and surrounding Douglas-fir (Pseudotsuga mensiezii) forests, as 81 

well as to stands composed of both tree species (‘mixedwood’). We consider how the 82 

primary cavity excavators (PCE) vary in relation to weak cavity excavators (WCE), as 83 

the relative proportion of these two groups may reveal information about the structural 84 

dynamics of the stand, and even the potential for a larger community of animals to be 85 

present (Martin and Eadie 1999). Finally, we quantify the relationship between these 86 

birds and the amount, distribution and diversity of forest stand attributes such as standing 87 

coarse woody debris (SCWD), downed coarse woody debris (DCWD), and the 88 

understory structure and diversity. 89 

  90 

 91 
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METHODS 92 

     Study areas. This study was part of a larger project that examined the biodiversity of 93 

upland aspen stands within the dry, interior forests of British Columbia. This larger 94 

project also included an examination of stand attributes (Oaten and Larsen in press) and 95 

small mammal and carabid beetle communities (Oaten 2007). All of our study sites were 96 

located within the Interior Douglas–fir ecozone near the city of Kamloops (50º43’ N; 97 

120º25’ W). Characteristics of this forest type include very little precipitation, cool 98 

temperatures, and dominance by the inland variant of Douglas–fir (Pseudotsuga 99 

menziesii var. glauca). Meidinger and Pojar (1991) termed this the ‘IDFdk’ subzone.   100 

The major constraint in selecting our study sites was that the pure aspen stands needed to 101 

be at least 9 ha in area, in order to permit sampling for other elements of the study (e.g. 102 

trapping small mammals). Once these stands were indentified, comparable mixedwood 103 

and Douglas–fir stands then were chosen in relative close proximity: all told, we 104 

eventually selected four replicate stands of each of aspen (‘A’, >70% aspen), mixedwood 105 

(‘M’, containing 30–60% aspen) and Douglas–fir (‘D’, <10% aspen), grouped within 106 

each of four geographically distinct areas (blocks), Monte Lake (A1, M1, D1), Stephens 107 

Meadow (A2, M2, D2), Badger Lake (A3, M3, D3), and Pinantan Lake (A4, M4, D4).  108 

See Fig. 1 in Oaten and Larsen (in press) for a map showing the precise location of these 109 

four areas. The three different forest-type sites within each area were separated by at least  110 

1 km. 111 

     Bird surveys. Within each study site, cavity–nesting birds were sampled during 2005 112 

and 2006 using the fixed–radius point count method (Martin and Eadie 1999), during the 113 

approximate breeding season for the bird community as a whole (early May through to 114 
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early June). Because cavity–nesting birds are not easily censused using point-counts 115 

(Martin and Eadie 1999), we used playbacks calls for each species. At each point–count 116 

station, the call of each bird species was played twice, followed by thirty seconds of 117 

listening time. These calls were played in order from the smallest to the largest species, to 118 

reduce competitive exclusion (Griggs 1997). Table 1 lists the birds targeted, and the 119 

playback order used. Table 1 also designates each species as belonging to either the PCE 120 

(capable of creating their own cavity) or WCE (using natural cavities or those created by 121 

PCE birds) guilds (Aitken et al. 2002).   122 

 All cavity–nesting bird species heard and/or observed within 50 m in all cardinal 123 

directions from the station centre were recorded. Specific detection parameters recorded 124 

included horizontal distance from the observer to each bird detected, species, and 125 

direction. Activity parameters for each bird also were noted, including whether the bird 126 

was seen, calling, singing or drumming (Martin and Eadie 1999). To reduce surveyor 127 

bias, point count stations were spaced at least 200 meters apart (Martin and Eadie 1999). 128 

Each year, three rounds of counts were completed during the sampling period. A single 129 

observer was used at each site and point count station. We rotated the order and time at 130 

which stations were surveyed as well as the sites assigned to each human observer. Cloud 131 

cover, precipitation, and wind speed and direction also were recorded. Point count 132 

surveys only occurred under good detection conditions – little wind or noise and no 133 

active precipitation – and from 0530 to 0900 hours. Point count surveys typically are 134 

used to provide an index of abundance that can be used to make comparisons (Petit et al. 135 

1995, Farnsworth et al. 2002). 136 
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    Quantifying snag attributes of forest stands.  Snags attributes within each of the 137 

study sites were quantified using fixed–radius plots where each snag (≥ 2.0 m in height) 138 

was identified to species and measured for DBH, height and decay class. A more 139 

thorough description of these data collection methods can be found in Oaten and Larsen 140 

(in press). 141 

     Data analysis.  For the analysis of point count data, we used the total number of 142 

detections per site and the mean number of species detections per point count station as 143 

indices of relative abundance within a given site for each species (Martin and Eadie 144 

1999). A two–way ANOVA (Zar 1999) was used to analyze the total number of 145 

detections per site and the mean number of per point count using the function PROC 146 

GLM in SAS 9.1 (SAS Institute 2006). Bird detection data were analyzed separately for 147 

each year and for both years combined, where appropriate. Data not conforming to 148 

normality and/or equal variance were subject to various transformations or Kruskal–149 

Wallis nonparametric ANOVA using rank transformations (Zar 1999). Pairwise t–tests 150 

were used for all post-hoc tests with an associated significance level of 0.017 (= 151 

0.05/number of potential comparisons). In addition, the mean difference in auditory 152 

versus visual detections was tested using a two–way ANOVA to identify possible 153 

differences in detection probability.  154 

 Spearman’s rank correlation analysis was used to explore the relationship between the 155 

total abundance of the bird communities with snag densities. We also tested to see if there 156 

was a correlation between the relative abundance of each of the WCE species and the 157 

abundance of PCE species., using the mean number of detections per point count station 158 

of each species.  159 
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   Along with species richness (i.e. number of species), we used three common indices of 160 

species diversity to explore the composition of the bird communities.  The Shannon–161 

Wiener index (Pielou 1966) is sensitive to changes in the number of rare species within a 162 

community (Peet 1974). This index is based on the degree of difficulty in predicting 163 

correctly the species of the next individual sampled. The value of the index, increases 164 

with the number of species in the community, and ranges from 0 to approximately 5.0 for 165 

biological communities (Washington 1984), higher values reflect increasingly equal 166 

proportions of  species  (Staudhammer and LeMay 2001). The Simpson’s diversity indice 167 

(Simpson 1949) is a simple mathematical measure that characterizes species diversity in a 168 

community based on the proportion of species relative to the total number of species and 169 

is a measure of species evenness. The MacArthur’s diversity index (MacArthur and 170 

MacArthur 1961) is sensitive to relative abundances of species and less sensitive to the 171 

number of species (Magurran 1988), giving little weight to rare species. Because these 172 

indices each convey slightly different information about the diversity and structure of 173 

biotic communities, their use in tandem with one another is more revealing than any one 174 

index on its own.  175 

RESULTS 176 

     Total detections.  An overall total of 1541 detections of fourteen cavity–nesting bird 177 

species were made during 288 point count surveys, over both years of the study (Fig. 1).  178 

These included all 12 of the species on our initial target list (Table 1), as well as boreal 179 

chickadee (Parus borealis) and pygmy nuthatch (Sitta pygmaea). Detections of these two 180 

non–targeted species were made so infrequently (n= 2 and 4, respectively) that they were 181 
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not included in analyses.  Relatively more birds were detected in 2006, especially in the 182 

WCE guild (Fig. 1). 183 

     The total number of detections for WCE and PCE combined (i.e. all species pooled) 184 

was always significantly different between the three types of forest stands (2005: F2,6 = 185 

17.2; P = 0.003; 2006: F2,6 = 151.3, P<0.001;  Fig. 1).  In the first year, this difference 186 

was primarily due to the aspen stands having significantly more detections then either the 187 

mixedwood (t0.017,6 = 3.96; P = 0.007) or Douglas–fir (t0.017,6 = 5.72; P = 0.001) stands.  In 188 

the same year, the mixedwood and Douglas–fir stands had similar total detections (t0.017,6 189 

= -1.75; P = 0.130).  In the second year of the study, aspen stands again had significantly 190 

more detections then either the mixedwood (t0.017,6 = 11.42; P = <0.001) or the Douglas–191 

fir stands (t0.017,6 = 17.07; P = <0.001), but in that year, mixedwood stands also had 192 

significantly more detections than Douglas-fir stands (t0.017,6 = -5.65; P = 0.001).  193 

 The relative proportions of WCE and PCE species detections also differed between the 194 

stand types.  In both 2005 and 2006, aspen stands had proportionately more detections of 195 

PCE birds than either of the other two stand types (Fig. 1,  2005: F-tests Ps<0.002; t-tests 196 

Ps≤0.011, 2006:  F-tests Ps<0.001; t-tests Ps≤0.010).   197 

     Detections of individual species.    Species detected the most often across all sites 198 

were the red–breasted nuthatch, mountain chickadee, black–capped chickadee, red–naped 199 

sapsucker, and the downy woodpecker (Fig. 2). For all species, detections were more 200 

common in aspen stands as compared to the mixedwood and Douglas–fir stands, with the 201 

exception of Williamson’s sapsuckers (S. thyroideus; Fig. 2). Compared to the Douglas-202 

fir stands, mixedwood stands had more total detections of all cavity–nesting bird species, 203 

with the exception of the black–capped chickadee (64 within Douglas–fir and 51 in 204 
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mixedwood stands). The test for differences in the mean proportion of detections of 205 

auditory versus visual detection revealed no difference by stand type (F2,6 = 3.28; P = 206 

0.109) in these detections. 207 

       Within the PCE guild, the differences in mean number of detections/point-count 208 

station were significantly different between the 3 stand types for pileated woodpeckers, 209 

northern flickers, red–naped sapsuckers and hairy woodpeckers (F-tests, all Ps≤0.047).  210 

For all of these species, the number of detections in the aspen stands was greater than in 211 

the other 2 stand types (pairwise t-tests, all Ps≤0.012). For the other two PCE species 212 

(three-toed and black–backed woodpeckers) there was no significant difference in 213 

detections between the three stand types, in either year (F-tests, all Ps>0.04). 214 

     Among the WCE species, there was no difference in the mean number of detections of 215 

mountain chickadees, red–breasted nuthatches, white–breasted nuthatches and 216 

Williamson’s sapsuckers between the 3 stand types (all Ps≥0.34). However, the 217 

differences for black–capped chickadees and downy woodpeckers were statistically 218 

significant (P=0.005 and P=0.009, respectively); in both of these cases, aspen stands had 219 

significantly more detections than mixedwood and Douglas–fir stands (P<0.002 and 220 

P<0.002, respectively), while the differences between mixedwood and Douglas–fir 221 

stands were nonsignificant (P=0.43 and P=0.48 respectively). 222 

     Species diversity.   Aspen stands consistently averaged higher species richness and 223 

diversity indices that the other two stand types (Table 2). In both years, the differences 224 

between the 3 stand types were statistically significant for all of our indices (F tests, all 225 

Ps < 0.018) save for differences in the Simpson’s indices in 2006 (P=0.09). The pairwise 226 

post-hoc t-tests showed aspen stands always were significantly higher than either the 227 
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mixedwood or the Douglas-fir stands (all Ps < 0.04, save for the aspen:mixedwood 228 

comparison in 2006, which was P=0.07).  Mixedwood and Douglas-fir stands never 229 

showed significant differences from one another (all Ps > 0.38).  230 

     Correlation with snag attributes.  The total abundance of cavity–nesting bird species 231 

was correlated with snag density (stems/ha) across the 12 study sites, as was the 232 

abundance of the WCE birds (Table 3).  In particular, snags in the two middle diameter 233 

classes were most strongly linked to the abundance of the bird community (Table 3).  234 

     Correlation across species. The abundance of mountain chickadees, black–capped 235 

chickadees, red–breasted nuthatches, and downy woodpeckers, was each correlated with 236 

the abundance of several PCE species; Williamson’s sapsuckers were not correlated with 237 

the abundance of any PCE species (Table 4). However, the abundance of two species 238 

showed the strongest pattern of correlated: the downy woodpecker with six correlations 239 

and the black-capped chickadee with four.  240 

DISCUSSION 241 

     The diversity and relative abundance of cavity–nesting birds reported here is equal to 242 

or greater than that reported in other studies within similar forests [Martin and Eadie 243 

(1999) for Douglas–fir and aspen forests; Stelfox (1995) for aspen–mixedwood forests]. 244 

Part of this diversity is due directly to the relatively high number of cavity–nesting 245 

species that occur in the study region (Griggs 1997), but it is also a product of aspen, its 246 

associated stand attributes, and their importance to cavity–nesting birds.  247 

 Aspen trees have been shown to be preferentially  selected for nest sites even when they 248 

are a minor component of a forest (Harestad and Keister 1989, Martin and Eadie 1999), 249 

and high snag densities, as seen at our sites, have been shown to create a relatively high 250 
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density of cavity–nesting birds (Raphael and White 1984).  Other factors may be 251 

contributing to this pattern, though. The current outbreak of mountain pine beetle 252 

(Dendroctonus ponderosae) in BC – the largest ever recorded for North America (Martin 253 

et al. 2006) – may be providing an almost limitless food supply, thereby increasing the 254 

population density, breeding success and winter survival of forest bird species (Martin et 255 

al. 2006). Measurements of bird abundance also may be a factor of the sampling used, 256 

namely playbacks that are designed to attract species. It was not uncommon for 2 – 6 257 

birds of a particular species to respond to any one playback call – especially nuthatches, 258 

chickadees and red–naped sapsuckers. Also, in an exploration of the population trends of 259 

each of the bird species from data collected during the North American Breeding Bird 260 

Survey (Sauer et al. 2005), several cavity–nesting bird species appeared to show an 261 

eruptive population trend – these patterns also have been studied and confirmed 262 

elsewhere (Koenig 2001 and Koenig and Knops 2001). Those species showing this 263 

eruptive potential include the mountain chickadee, black–capped chickadee, red–naped 264 

sapsucker, and the red–breasted nuthatch; these species all were found in relatively high 265 

densities here, and probably linked to high winter survival (Koenig and Knops 2001). As 266 

such, several extrinsic factors may be playing a role in the relatively high overall 267 

abundance of cavity–nesting birds reported here compared to other studies. 268 

     Aspen stands supported similar communities of PCE and WCE species as did the 269 

mixedwood and Douglas–fir stands. These stands appear to have similar resources 270 

partitioned in such a way as to support proportionately similar communities of cavity–271 

nesting birds. Mixedwood stands contain a relatively large component of aspen trees, 272 

which one would have expected to have translated into a more abundant bird community 273 
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– at least as compared to Douglas–fir stands – yet we found no difference here. There are 274 

potentially other factors contributing to this pattern including a lack of suitable nest trees.  275 

          Like other investigators, we found a linkage between deciduous (aspen) trees, snag 276 

density, and the abundance of cavity–nesting birds (Raphael and White 1984, Ohmann et 277 

al. 1994). Snags and the volume of snags are both critical for both PCE and WCE species 278 

(Harestad and Keister 1989) as the life history of these birds are tied to these snags. The 279 

positive correlation between the abundance of cavity–nesting birds and  aspen may be 280 

attributed to the fact that cavities appear more prevalently in deciduous versus coniferous 281 

trees (Poulsen 2002) and that aspen trees preferentially are selected for nest sites (Martin 282 

et al. 2004). As expected, the abundance of cavity–nesting birds also was strongly 283 

correlated with the abundance of larger diameter snags. Cavity–nesting birds have been 284 

shown to preferentially select trees with larger DBH (Harestad and Keister 1989). 285 

     As many cavity–nesting bird species are subject to both inter– and intraspecific 286 

competition for cavities (Ingold 1994, Martin et al. 2002), it was expected that we would 287 

detect positive and negative correlations between the abundance of different pairs of  288 

cavity–nesting species. Several species exhibited strong positive correlations in their 289 

abundance with other species, but there were few negative correlations – none of which 290 

were strong or significant. The positive correlations may be a reflection of the presence 291 

of a particular resource that these species depend on. It may also reflect that these 292 

resources are not limited and competition for nest sites may not be occurring. Again, the 293 

availability of snags did not appear to be limited within aspen stands but probably was 294 

within the Douglas–fir and mixedwood stands. 295 
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     Although there is a strong association with diversity and abundance of cavity–nesting 296 

birds with aspen stands, other studies have shown that coniferous–dominated stands may 297 

serve as important as areas for foraging (Martin and Eadie 1999, Martin et al. 2006). 298 

Mixedwood stands also potentially provide two key resources for cavity–nesting birds – 299 

nest sites and foraging trees. It was therefore surprising that these two stand types in our 300 

study did not support a more abundant or diverse community of cavity–nesting birds. 301 

Cavity–nesting birds within these stands were far less abundant and diverse than aspen 302 

stands, and no different than Douglas–fir stands. It therefore becomes important to 303 

identify the limiting resource for cavity-nesting birds within these stands, especially 304 

given that  pure stands of aspen may be threatened in the region (White et al. 1998). Are 305 

suitable nesting sites the limiting resource for cavity–nesting birds within mixedwood 306 

and Douglas –fir stands? Is there a potential for these stands to support a larger 307 

community of birds through snag or green tree retention on harvested blocks, or even 308 

artificial creation of nest boxes or snags? For example, other studies have shown that 309 

woodpecker abundance increases when artificial cavity boxes are added to a stand (eg. 310 

Ingold 1998 and Franzreb 1997). There would be value in assessing whether an increase 311 

in cavities within mixedwood and Douglas–fir forests would cause changes to the 312 

communities of cavity–nesting birds within these forests. This would allow for an 313 

examination as to whether their affinity for aspen is specifically due to this hardwood 314 

resource or simply to snag volume (m3/ha) and density (stems/ha). 315 

      Several cavity–nesting bird species studied here are known to be migratory while 316 

others are year–round residents (Griggs 1997). This work was conducted while all bird 317 

species potentially were present and  breeding. Conifer-dominated stands may be 318 
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preferentially selected during the non–breeding season, especially during the winter 319 

months, as these areas are important for foraging (Martin and Eadie 1999, Martin et al. 320 

2006). Additionally, habitat use in the winter is critical for the survival and reproductive 321 

success many animals in northern climates (Van Horne 1983).  Therefore, it would be 322 

important to extend this type of work into the non–breeding season, particularly mid-323 

winter, to assess the relative use of aspen, mixedwood and Douglas–fir stands for year–324 

round resident cavity–nesting birds. Playbacks of barred owls (Strix varia) could be used 325 

during this season as cavity–nesting birds are known to respond to these calls (Wilkins 326 

and Dusak 2006). This work would help to identify the year–round value of each of these 327 

stand types within the dry interior forests of BC. 328 

      Although no cavity–nesting bird species was restricted solely to aspen stands, the 329 

abundance of all species, save the Williamson’s sapsucker, typically was much higher 330 

within aspen stands. These and our other results clearly reveal a diverse and relatively 331 

abundant community of PCE and WCE birds within this stand type. Moreover, 332 

mixedwood stands of conifer and aspen do not appear to provide the same quality of 333 

habitat, at least during the breeding season. Given the decline of aspen stands within  334 

western North America (Bartos 2001), forest management strategies, need to ensure that 335 

the representation of pure aspen stands on the landscape is maintained, especially in areas 336 

where they are relatively rare, such as in the dry interior forests of British Columbia. 337 
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Table 1. Playback order of cavity–nesting birds sampled, along with guild association1. 

 

Playback 

Order Code Common Name Scientific Name 

 

Guild1 

1 RBNU Red–breasted nuthatch Sitta canadensis WCE 

2 MOCH Mountain chickadee Parus gambeli WCE 

3 BCCH Black–capped chickadee Parus articapillus WCE 

4 WBNU White–breasted nuthatch Sitta carolinensis WCE 

5 DOWO Downy woodpecker Picoides pubescens WCE 

6 RNSA Red-naped sapsucker Sphyrapicus nuchalis PCE 

7 HAWO Hairy woodpecker Picoides villosus PCE 

8 TTWO Three–toed woodpecker Picoides tridactylus PCE 

9 BBWO Black–backed woodpecker Picoides arcticus PCE 

10 WISA Williamson's sapsucker Sphrapicus thyroideus WCE 

11 NOFL Northern Flicker Colaptes auratus PCE 

12 PIWO Pileated woodpecker Dryocopus pileatus PCE 

 

1following Martin and Eadie (1999) and Cooper (1995) 
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Table 2.  Mean diversity indices ±  1 SD for cavity nesting birds within each forest stand  

type. Note: all means based on n=4 forest stand types 

 

     Year / Site Richness Shannon's Simpson's MacArthur's 

     
2005 /  A 10.8± 0.24 3.0 ± 0.04 0.87 ± 0.01 7.1 ± 0.20 

           M  8.3± 0.24  2.5 ± 0.07  0.77 ± 0.02 4.5 ± 0.22 

D  8.0± 0.20  2.5 ± 0.06 0.77 ± 0.02 4.4 ± 0.22 

     
 2006  /  A 11.3 ± 0.13 2.9 ± 0.03 0.85 ± 0.01 6.4 ± 0.05 

M   8.0 ± 0.24 2.4 ± 0.09 0.77 ± 0.02 4.6 ± 0.29 

D   7.8 ± 0.13 2.4 ± 0.05 0.78 ± 0.01 4.5 ± 0.17 
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Table 3.  Results of Spearman’s rank correlation analysis of bird communities and snag 

attributes of each forest stand studied (n=12). Note: correlation coefficients significant at  

α = 0.05 appear in bold font;  actual P-values appear in parentheses. 

 

Attribute1 

 

Abundance2 

 

PCE3 

 

WCE4 

    

Snag density (stems/ha) 0.63 0.48 0.76 

 (0.028) (0.112) (0.004) 

    

Snag density according    7.5 – 10cm  0.25   0.17 0.27 

to diameter class (0.430) (0.602) (0.391) 

    

10 – 25 cm 0.76 0.65 0.73 

 (0.004) (0.022) (0.007) 

    

25 – 35 cm 0.82 0.82 0.78 

 (0.001) (0.001) (0.003) 

    

>35 cm 0.56 0.44 0.61 

 (0.060) (0.151) (0.037) 

1stand-level attribute data from Oaten and Larsen in press; 2total abundance (combined 

number of  detections for all target species); 3abundance of primary-cavity excavator 

species;   4abundance of weak cavity excavator species  



 OATEN–  28 

     

Table 4. Spearman’s rank correlations of abundance measurements (mean number per 

point count station) for primary cavity-excavating and  weak-cavity excavating species. 

Note: correlation coefficients significant at α = 0.05 appear in bold font; actual P-values 

appear in parentheses underneath;    For a key to the bird codes see Table 1. 

 

      WCE    MOCH BCCH RBNU DOWO WBNU WISA 

PCE       

       RNSA 0.45 0.69 0.33 0.87 0.33 0.38 
 (0.14) (0.01) (0.29) (<0.001) (0.29) (0.23) 
       
PIWO 0.58 0.64 0.33 0.61 0.30 0.12 
 (0.05) (0.03) (0.29) (0.04) (0.34) (0.71) 
       
NOFL 0.32 0.73 0.31 0.81 0.19 0.02 
 (0.31) (0.01) (0.33) (0.001) (0.55) (0.94) 
       
HAWO 0.48 0.67 0.54 0.66 0.28 0.14 
 (0.12) (0.02) (0.07) (0.01) (0.39) (0.66) 
       
TTWO -0.01 0.44 0.31 0.80 0.64 0.32 
 (0.97) (0.16) (0.33) (<0.01) (0.03) (0.31) 
       
BBWO 0.36 0.34 0.16 0.60 0.23 0.16 
 (0.25) (0.28) (0.62) (0.04) (0.47) (0.62) 
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Figure 1.  Relative abundance (total number of detections) by stand type and year for 

primary cavity–excavating (PCE) and weak cavity–excavating (WCE) birds.   A = 

aspen, M= mixedwood, D = Douglas–fir. 

 

Figure 2.  Relative abundance (no. detections) of primary cavity-excavating and weak 

cavity-excavating species within each study site, both years combined, separated accord 

to forest type. 

  

 

 

 

 

 

 

 

 


