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SUMMARY 
 

Over the past 3 years, the Arrow Innovative Forestry Practices Agreement (IFPA) has been 
engaged in research to develop a strategy for maintaining biological diversity in the Arrow 
timber supply area (TSA).  To date, this research has focused on quantifying how well the 
non-harvestable landbase represents the timber-harvesting landbase in terms of spatial extent 
and composition of key habitat elements.  Representing ecosystems in an unmanaged state is 
an important first step towards maintaining biodiversity because it helps to account for species 
that are too numerous or too poorly known to manage individually.  Results from the first 
stages of this work revealed that the overall level of unmanaged area in the Arrow TSA was 
high (43%), and that all 15 distinct ecosystems in the TSA were equitably represented in non-
harvestable areas.  However, sampling habitat attributes in the five largest ecosystems 
revealed several important differences between harvestable and non-harvestable forests.  Key 
among these differences was lower deadwood resources (snags and coarse-woody debris) and 
less productivity in non-harvestable forests, particularly in the ESSF.  These differences were 
not as pronounced in the ICH, but well-decayed snags were at very low levels in the non-
harvestable portion of the ICH. 

Despite these differences, it was not known if the lower deadwood and productivity levels 
were biologically meaningful to organisms that depend on those attributes.  Therefore, this 
study sought to address this uncertainty by comparing the abundance of winter-resident birds 
between harvestable and non-harvestable landbases in the Arrow TSA.  We used unlimited-
distance point counts to measure bird community composition and relative abundance.  
Twelve stands were sampled in the harvestable and non-harvestable forests of the three largest 
ecosystems.  Sampling was conducted from early January to mid-March, 2003. 

High sampling variability hampered our ability to clearly interpret some of the results.  
However, we found that the community similarity between harvestable and non-harvestable 
forests in the ESSF was relatively high (>82%), but contrary to our expectation it was only 
51% between the two landbase types in the ICH.  Five of 16 (31%) species in the ICH were 
less abundant in the non-harvestable forest, but only the chestnut-backed chickadee and 
golden-crowned kinglet displayed strong differences.  Seven out of 32 (22%) possible 
comparisons in the ESSF (16 species x 2 ESSF ecosystems) revealed lower abundances in 
non-harvestable forests.  Three-toed woodpeckers and crossbills were less abundant in the 
non-harvestable ESSFwc1, while pine grosbeaks and boreal chickadees were less abundant in 
the ESSFwc4.  Five out of 32 (16%) comparisons revealed higher abundances in ESSF non-
harvestable forests.  Those species included black-backed and hairy woodpeckers, and pine 
grosbeaks (in the ESSFwc1). 

Generally, our results support the position that non-harvestable areas represent a substantial 
component of biological diversity in the Arrow TSA.  Differences between landbase types 
were not consistent and did not correspond well to the observed systematic differences in 
habitat attributes.  Given the lower abundance of some bird species in non-harvestable areas, 
stand-level retention in the timber-harvesting landbase should not be abandoned.  Additional 
sampling using a design that would yield higher sampling precision (e.g., sampling different 
seasons or species) would help to confirm some of the conclusions from this study.  Finally, 
now that we are more certain about the ecological contribution of non-harvestable areas, 
landscape simulation tools (projected across harvestable and non-harvestable areas) would be 
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useful in determining the range of attribute levels required to maintain productive populations 
of species across the Arrow TSA. 

A secondary objective of this study was to examine how areas that were partial constraints 
to harvesting, such as visually sensitive areas, contributed to biodiversity objectives.  Partial 
harvesting is common in the Arrow TSA because 25% of its area is in designated visual 
quality zones.  We compared the community similarity and relative abundance of non-
migratory birds in stands that were partially harvested using two different harvesting patterns 
(an average of 87% removal [basal area] using dispersed or aggregated retention), and 
compared those to clearcut, unharvested, and naturally disturbed stands.  Between 6 and 12 
stands were sampled for each treatment.  Community similarity was lowest between clearcut 
and unharvested stands (14%), and highest between aggregated and dispersed retention 
(70%).  Dispersed and aggregated treatments were equally similar to the unharvested stands at 
48% and 46%, respectively.  Eleven out of 12 species that were absent from the clearcuts 
were present in at least one of the partial-harvesting treatments.  Bark-beetle stands were most 
similar to the dispersed retention treatment (69%), and least similar to the unharvested 
treatment (50%).  Brown creepers, pine grosbeaks and pine siskins were most abundant in 
bark-beetle infested stands.  In the short-term, both partial retention strategies appeared to 
mitigate some of the negative effects clearcutting for winter-resident birds. 
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INTRODUCTION 

 
Over the past 3 years, the Arrow Innovative Forestry Practices Agreement (IFPA) has 

been engaged in research designed to develop and test a coarse-filter strategy for maintaining 
biological diversity in the Arrow timber supply area (TSA).  To date, this research has 
focused primarily on quantifying how well the non-harvestable landbase (NHLB) represents 
the timber-harvesting landbase (THLB), and to determine if the current composition and 
distribution of the NHLB is an effective strategy to maintain biodiversity for the Arrow TSA 
(Huggard 2000, 2001).  Representing a portion of each ecosystem in an unmanaged state 
(often termed “ecological representation”) is an important first step towards maintaining 
biodiversity because it serves four important roles (Huggard 2000): 1) it helps to account for 
the thousands of organisms that are too poorly known or numerous to manage on an 
individual basis; 2) it provides a buffer against risks, which tend to be higher in the managed 
portion of the landbase; 3) it provides the opportunity for natural disturbances and succession 
to occur, without salvage logging or other interventions.  Such natural processes are important 
to many species and may not be easily replicated in the THLB, even with well-informed 
management practices.  In other words, the unmanaged landbase provides a location for 
unknown or poorly understood natural processes to occur; 4) finally, larger unmanaged areas 
can provide benchmarks to compare the effects of management in the harvestable portion of 
the landbase (Arcese and Sinclair 1997). 

Using GIS data, Huggard (2000) found that a high proportion (43%) of the forested 
landbase in the Arrow TSA was located in non-harvestable areas, and that ecosystem types 
(i.e., site series clusters) were equitably represented.  Inoperable areas were the largest 
harvesting constraint within the NHLB, meaning that improved technologies and economics 
could reduce the size of the NHLB, potentially lowering its effectiveness as a coarse filter.  
However, because of overlapping constraints (e.g., steep slopes or riparian reserves), even 
when inoperability was eliminated as a constraint, the NHLB still made up 35% of the 
forested area.  A final concern regarding the NHLB had to do with spatial distribution; forty 
percent of the NHLB area was within 50 m of the THLB.  Without proper planning this could 
become problematic for biological processes and species that are negatively impacted by edge 
effects. 

The next assessment of ecological representation went beyond the level of GIS.  It 
involved comparing habitat attributes in the NHLB vs. the THLB, matched by age class and 
ecosystem.  These comparisons revealed that deadwood resources were particularly low in the 
non-harvestable part of the ESSF, with 38.8% fewer snags, 84.3% fewer old snags, 57.7% 
less CWD volume, and 56.7% less well-decayed CWD.  Inoperable ESSF sites also had 
characteristics of less productive stands, including lower tree densities, more horizontal 
patchiness, a low percentage of relatively tall trees and much more inorganic substrate.  ICH 
NHLB sites had similar overall deadwood levels to THLB sites, but very little well-decayed 
CWD or snags, or large logs (see Huggard 2001 for details). 

These results formed the foundation of our current study.  The key question that arose was 
“Do the observed differences in habitat attributes, mainly deadwood and productivity, matter 
to organisms that are known to depend on them?”  Therefore, the objective of this project was 
to further test the coarse filter strategy in the Arrow TSA by comparing the relative abundance 
of non-migratory bird species between landbase types.  Again, these comparisons were 
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matched age class and ecosystem.  Non-migratory bird species were selected as an indicator 
because they depend on CWD, snags, and site productivity to meet a number of life-history 
requirements including foraging, nesting, and roosting.  They may therefore indicate whether 
the difference in habitat elements between harvestable and non-harvestable areas in the Arrow 
TSA is biologically significant. 

A secondary objective of this project was to examine the biological contribution of areas 
that were partially constrained from harvesting, such as visually sensitive areas.  Partial 
harvesting is common in the Arrow TSA because 25% of its area is in designated visual 
quality zones.  Thus, there is ample opportunity to harvest in a manner that meets visual 
objectives and concurrently benefits biodiversity.  These evaluations were done by comparing 
the relative abundance of non-migratory birds in areas that were partially harvested using two 
different harvesting patterns, and comparing those to clearcut, unharvested, and naturally 
disturbed stands.  Naturally disturbed stands were included as a comparison because some 
have suggested that certain harvesting practices can mimic natural disturbances (Delong and 
Tanner 1996, Bergeron et al. 2002, Lee et al. 2002). 

 
STUDY AREA 

 
The study area was in the Arrow TSA, which is located in the Selkirk Mountains of 

southeastern British Columbia (Fig. 1).  Valley bottom elevation ranges from 450-500 m 
a.s.l., and surrounding peaks reach 2700 m.  Below about 1400 m elevation, the Interior 
Cedar-Hemlock (ICH) is the main Biogeoclimatic Ecosystem Classification (BEC) zone 
(Braumandl and Curran 1992).  This zone is subdivided into the ICHmw (moist-warm)2 and 
the ICHdw (dry-warm) subzone variants.  Douglas-fir (Pseudotsuga menziesii) is the 
dominant tree species in these variants, followed by western redcedar (Thuja plicata) and 
western hemlock (Tsuga heterophylla).  Western larch (Larix occidentalis), lodgepole pine 
(Pinus contorta), western white pine (Pinus monticola), paper birch (Betula papyrifera), 
trembling aspen (Populus tremuloides), and black cottonwood (Populus balsamifera) also 
occur in these BEC variants.  Climax stands throughout the ICH are composed primarily of 
western redcedar and western hemlock. 

Above 1400 m elevation, the ICH grades into the Engelmann Spruce-Subalpine Fir 
(ESSF) BEC zone.  This zone contains two variants that occur within the study area: 
ESSFwc (wet-cold)1 and ESSFwc4.  These both contain large tracts of Engelmann spruce 
(Picea engelmannii) and subalpine fir (Abies lasiocarpa). 

Forest harvesting occurs throughout the TSA, and a variety of harvesting systems are 
employed, including clearcuts, seed tree, shelterwood, and group retention.
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Figure 1.  Study area showing the location of 108 stands sampled during a non-migratory bird study in the Arrow TSA, 
southeastern BC, January to March, 2003.   Symbols represent the 11 different treatments that were investigated (see text).
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METHODS 
 

Study design 
 

Our study paralleled the design used by Huggard (2001), which measured habitat 
attributes; in our case, non-migratory birds were used to gauge differences between landbases, 
ecosystems, and habitat attributes. We compared the relative abundance of non-migratory 
birds in the non-harvestable (fully constrained) and harvestable landbases.  Sampled stands 
were matched by ecosystem type and restricted to age classes 6 and 7 (101-140 years) that 
were mapped in the forest cover database.  Ecosystem types were defined as groupings of 
similar BEC site series, grouped by similarity of their indicator plant communities (see 
Appendix 1 of Huggard 2000).  Three ecosystem types were sampled: mesic-submesic ICH 
(ICHdw-01, ICHmw2-01, ICHmw2-03, ICHmw2-04; hereafter referred to simply as the 
ICH), mesic-xeric ESSFwc1 (ESSFwc1-02, ESSFwc1-01; hereafter referred to as the 
ESSFwc1), and drier ESSFwc4 (ESSFwc4-02, ESSFwc4-03, ESSFwc4-04; hereafter referred 
to as the ESSFwc4).  These are dominant ecosystem types in the Arrow TSA, making up 68% 
of the area.  The ESSF was sampled with greater intensity (2 ecosystems, compared to only 1 
ICH ecosystem) because the habitat attributes’ sampling revealed more differences between 
the NHLB and THLB in the ESSF, whereas differences were not as pronounced in the ICH.  
The inoperable designation was the constraint type that was sampled in the NHLB.  Twelve 
stands were sampled in each landbase in each ecosystem type.  This was double the number of 
stands sampled in the habitat attributes study, because birds tend to be much more variable 
than most habitat attributes.  None of the stands had evidence of harvesting.  A list of 
candidate stands to sample was chosen randomly from suitable polygons on PEM (predictive 
ecosystem mapping) and forest cover maps.  Field crews chose stands to sample from this list, 
based primarily on accessibility of the stands.  When possible, stands that were sampled as 
part of the habitat attributes study (selected from the same random list) were revisited for the 
bird sampling. 

For the partial harvesting, clearcut, and natural-disturbance treatments, stands that 
were previously sampled for habitat attributes were revisited for bird sampling.  Habitat 
attributes from the partially harvested and clearcut stands were sampled as part of work done 
by Maxcy et al. (2002), and the naturally disturbed stands were sampled by McIntire (2003); 
both were IFPA projects.  The partial-harvesting treatments included the comparison of two 
harvesting patterns: dispersed retention and aggregated retention.  An average of 13% of the 
basal area was retained in the partial harvesting treatments (range 5% to 25%).  The natural-
disturbance treatments included bark-beetle stands and burned stands.  Partial harvesting, 
clearcut, and natural disturbance treatments were disturbed 5-10 years before sampling 
occurred, and were compared to the unharvested THLB in the ICH, which acted as a control.  
All bird sampling was conducted from early January to mid-March, 2003. 

 
Field methods 

 
We used unlimited-distance point counts to measure the non-migratory bird 

community in the Arrow TSA.  The point count method was selected over the transect method 
to increase censusing precision (Herbers and Maxcy 2001).  Within each replicate (i.e., each 
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stand), point counts were spaced systematically at 200-m intervals.  To ensure that sampling 
was not biased by proximity to a forest-clearcut edge, stands were a minimum of 30 ha in 
size.  

Each stand was visited once during the study and, to reduce temporal biases, data 
collection within each landbase was spread out across the duration of this study.  During 
fieldwork, crews kept a tally of weather conditions to ensure that not all stands of a given 
treatment were sampled on poor or ideal weather days.  Each point count was surveyed for 10 
minutes.  Surveys were conducted from one half-hour after sunrise to one half-hour before 
sunset.  Sampling did not occur during “poor” winter weather conditions.  Generally this 
meant that sampling stopped when winds exceeded 15 km/hr, when daytime temperatures 
were below -20° C, or during heavy snowfall.  A total of 683 point counts in 108 stands were 
used to sample the 11 treatments we investigated (Table 1). 

Table 1.  Number of replicates (stands) sampled in a winter bird study in the Arrow TSA, with 
the mean number of point-counts conducted in each replicate. 

Treatment Replicates Mean no. of point counts 
ICH THLB 12 7.3 
ICH NHLB 13 7.0 
ESSFwc1 THLB 12 6.6 
ESSFwc1 NHLB 12 6.3 
ESSFwc4 THLB 12 6.8 
ESSFwc4 NHLB 12 6.8 
Dispersed retention 10 6.1 
Aggregated retention 10 5.5 
Clearcut 6 4.5 
Bark-beetle 6 4.8 
Fire 3 5.0 
 

Data collected for each animal included species, distance from the point-count station, 
number of birds per flock, and activity at detection.  Each bird was only recorded a single 
time at every point-count station and only once at every replicate when observers were sure 
the animal had already been enumerated (e.g., pileated woodpecker drumming).  Groups of 
birds were treated as one observation, therefore, distance at detection was only recorded a 
single time for each species within a group.   

 
Analyses 

 
Species richness is expressed as the total number of species detected in each sampling 

unit.  As this index is sensitive to sampling effort, we calculated total and mean species 
richness using 6 point-counts per replicate.  We removed the 7th and 8th point-count from 
replicates when the total number exceeded 6.  Similarly, we only used 8 stands (replicates) to 
calculate richness for the landbase comparisons, and 5 stands for the natural disturbance and 
partial harvesting comparisons (this was because there were fewer stands sampled in the 
natural disturbance comparisons).  The relative abundance of each species was calculated as a 
mean of all sampled stands in each landbase.  Relative abundance estimates were corrected 
for the distance at detection sampling bias associated with different habitats and species.  
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Eighty percent of small birds (chickadees, golden-crowned kinglets, and brown creepers) in 
the ICH THLB were detected within 40 m of the observer and this increased to 60 m in the 
NHLB.  Eighty percent of small birds in the ESSFwc1 and wc4 THLB were detected within 
45 m of the observer.  This decreased to 40 m in the ESSFwc1 and wc4 NHLB.  We did not 
detect a habitat bias for large birds (e.g., red-breasted nuthatch, crossbills, Clark’s nutcracker, 
and three-toed woodpeckers) in the ICH; eighty percent of large birds were detected within 95 
m of the observer for the THLB and NHLB.  However, there was a landbase bias in ESSFwc1 
and wc4 ecosystems.  Eighty percent of large birds were detected within 65 m in the THLB 
and 75 m in the NHLB. 

To correct for the detection rates that exhibit a zero-inflated distribution, data for all 
species were log transformed.  Means and 90 % confidence intervals (90% CI) were 
converted back to the original scale following (Krebs 1989).  To compare the similarity of 
bird communities between sampling units, the Renkonen Percent Similarity Index was used 
(Renkonen 1938, cited in Krebs 1989).  If two communities have exactly the same species in 
the same abundance then percent similarity equals 100, if none of the species are the same 
then percent similarity equals 0.  Birds detected outside stand boundaries were excluded from 
all analyses.  Relative abundance was not calculated for species with a small number of 
detections. 

   
RESULTS 

 
We detected 29 species of birds in the Arrow TSA (Table 2).  Pine siskins, red-

breasted nuthatches, and red crossbills were the most commonly encountered species with 
1563, 419, and 164 detections, respectively. 
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Table 2.  Species detected in the Arrow TSA during the winter of 2003. 

Common Name Scientific Name 
American Robin Turdus migratorius 
Black-backed Woodpecker  Picoides arcticus 
Black-capped Chickadee  Parus atricapillus 
Boreal Chickadee  Parus hudsonicus 
Brown Creeper  Certhia americana 
Chestnut-backed Chickadee Parus atricapillus 
Clark's Nutcracker  Nucifraga columbiana 
Common Raven  Corvus corax 
Dark-eyed Junco Junco hyemalis 
Downy Woodpecker Picoides pubescens 
Evening Grosbeak Coccothraustes vespertina 
Golden-crowned Kinglet  Regulus satrapa 
Gray Jay  Perisoreus canadensis 
Hairy Woodpecker  Picoides villosus 
Mountain Chickadee  Parus gambeli 
Northern Flicker Colaptes auratus 
Northern Pygmy-Owl  Glaucidium gnoma 
Pine Grosbeak Pinicola enucleator 
Pine Siskin  Carduelis pinus 
Pileated Woodpecker  Dryocopus pileatus 
Red-breasted Nuthatch  Sitta canadensis 
Red Crossbill  Loxia curvirostra 
Spruce Grouse Dendragapus canadensis 
Steller's Jay  Nocitta stelleri 
Townsend's Solitaire  Myadestes townsendi 
Three-toed Woodpecker  Picoides tridactylus 
Varied Thrush  Ixoreus naevius 
Winter Wren  Troglodytes troglodytes 
White-winged Crossbill  Loxia leucoptera 

 
 

Comparisons between landbases and ecosystems 
 
Species richness was highest in the ICH THLB with 18 species and lowest in the 

ESSFwc4 THLB with 7 species (Fig. 2).  Species richness was two times higher in the 
ESSFwc4 NHLB compared to the THLB.  Richness was similar between the NHLB and 
THLB in the ESSFwc1.  Overall, mean richness was generally higher in the ICH than the 
ESSF, although all means were within the 90% confidence limits of each other (Fig. 2). 

Nineteen of the species observed within the landbase comparisons were detected with 
enough frequency to permit estimates of relative abundance between sampling units (> 3 
observations in the study).  Percent community similarity ranged from a low of 31% between 
the THLBs of the ICH and the ESSFwc4, to a high of 84% between the NHLB and the THLB 
of the ESSFwc4 (Fig. 3).  The NHLB and THLB of the ESSFwc1 also had a relatively high 
community similarity (82%).  In contrast, the NHLB and THLB in the ICH had a community 
similarity of only 51%.  Community similarity between the ICH THLB and all other 
ecosystems was consistently low (Fig. 3). 
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Comparing the relative abundance of individual species between landbase types was 
hampered by poor sampling precision.  However, we described the clearest differences and 
present estimates of precision (Fig. 4) so that others may evaluate our conclusions.  Five of 
the 16 (31%) species we sampled with enough frequency in the ICH were less abundant in the 
NHLB, but only the chestnut-backed chickadee and golden-crowned kinglet displayed strong 
differences.  Chestnut-backed chickadees were approximately 20 times more abundant in the 
ICH THLB than NHLB (Fig. 4D).  Out of 32 possible comparisons (16 species x 2 
ecosystems) in the ESSF, there were 7 (22%) cases where species were less abundant in non-
harvestable forests.  Three-toed woodpeckers, brown creepers, and crossbills were less 
abundant in the non-harvestable ESSFwc1, and pine grosbeaks and boreal chickadees were 
less abundant in the ESSFwc4 (Fig. 4).  Brown creepers were less abundant in the NHLB of 
both ecosystems where they were detected (Fig. 4E).  Five out of 32 (16%) comparisons 
revealed higher abundances in non-harvestable ESSF forests.  Those species included black-
backed and hairy woodpeckers, and pine grosbeaks (in the ESSFwc1; Fig. 4). 

Many species showed differences between ecosystems, with high-elevation species being 
more abundant the ESSF and low-elevation species being more abundant in the ICH (Fig. 4).  
Mountain chickadees (Fig. 4B) were most abundant in the ESSFwc1 whereas back-capped 
and chestnut-backed chickadees were most abundant in the ICH.  Boreal chickadees were 
most abundant in the ESSF.  Pine Grosbeaks became increasingly abundant in ESSFwc1 and 
ESSFwc4, whereas pine siskins were most abundant in the ICH ecosystem.  Red-breasted 
nuthatches were most common in the ESSF ecosystems.  Pileated woodpeckers were found in 
the ICH and the THLB of ESSFwc1.  White-winged crossbills tended to be found at higher 
elevations than red crossbills. 
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Figure 2.  Total and mean number (90% CI) of non-migratory bird species detected in three 
ecosystems and two landbases of the Arrow TSA during the winter (January-March) of 2003. 
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Figure 3.  Relative abundance and percent similarity of common bird species in the Arrow 
TSA during the winter (January-March) of 2003.  For individual species, bars represent the 
proportion of detections in each landbase (harvestable vs. non-harvestable) and ecosystem. 
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Figure 4.  Relative abundance of non-migratory bird species in 3 different ecosystems (ICH, 
ESSFwc1, ESSFwc4; see text for ecosystem definitions) and 2 landbase types (harvestable 
and non-harvestable) in a winter bird study in the Arrow TSA, January to March 2003.  Error 
bars are 90% CIs. 
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Figure 4 cont’d.  Relative abundance of non-migratory bird species in 3 different ecosystems 
(ICH, ESSFwc1, ESSFwc4; see text for ecosystem definitions) and 2 landbase types 
(harvestable and non-harvestable) in a winter bird study in the Arrow TSA, January to March 
2003.  Error bars are 90% CI. 



 12 

ICH ESSFwc1 ESSFwc4
0.0

0.1

0.2

0.3

0.4

0.5

0.6 O. Common Raven

R
el

at
iv

e 
Ab

un
da

nc
e 

(1
0 

ha
)

0.00

0.05

0.10

0.15

0.20

0.25

0.30 L. Black-backed Woodpecker

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35 M. Hairy Woodpecker

ICH ESSFwc1 ESSFwc4

R
el

at
iv

e 
Ab

un
da

nc
e 

(1
0 

ha
)

0

1

2

3

4

5

6 N. Golden-crowned Kinglet

Harvestable
Non-harvestable

Figure 4 cont’d.  Relative abundance of non-migratory bird species in 3 different ecosystems 
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(harvestable and non-harvestable) in a winter bird study in the Arrow TSA, January to March 
2003.  Error bars are 90% CI. 



 13 

Comparisons between unharvested, partially harvested, and naturally disturbed stands 
 
Burned stands were excluded from all analyses because only 3 of them were sampled; 

burned areas tended to be on steep slopes with high avalanche danger, which was of particular 
concern during our field season.  Thus, the only natural disturbance treatment was bark-beetle 
infested stands.  Results from the ICH THLB were again presented in this section for 
comparative purposes.  Species richness was highest in the unharvested treatment (i.e., the 
ICH THLB) with 14 species, and was lowest in the clearcut treatment with 3 species (Fig. 5).  
Richness in the dispersed and aggregated retention treatments was at intermediate levels 
between the unharvested and clearcut treatments.  Seven species were detected in the bark-
beetle treatment (Fig. 5). 

Fifteen of the species observed within this set of comparisons were detected with enough 
frequency to permit estimates of relative abundance between treatments (i.e., > 3 observations 
in the study).  Percent community similarity ranged from a low of 14% between the 
unharvested and the clearcut treatment, to a high of 70% between the dispersed and 
aggregated retention partial harvesting treatments (Fig. 6).  Dispersed and aggregated 
treatments were equally similar to the ICH control stands at 48% and 46%, respectively.  
Bark-beetle stands were most similar to the dispersed retention treatment (69%), and least 
similar to the unharvested treatment (50%; Fig. 6). 

All chickadees were absent from clearcut stands (Fig. 7).  Black-capped and mountain 
chickadees were present in partially harvested stands with dispersed retention, but not in 
stands with aggregated retention (Fig. 7).  Chestnut-backed chickadees were virtually absent 
from all treatments except the control.  Brown-creepers were approximately 5 times more 
abundant in bark-beetle infested stands, and golden-crowned kinglets were approximately 4 
times more abundant in unharvested stands.  Red-breasted nuthatches were similarly abundant 
in all treatments except clearcut stands, where they were not found (Fig. 7). 

Red-crossbills were found in all treatments, whereas white-winged crossbills were only 
found in unharvested and beetle-infested stands (Fig. 7).  Similar to brown creepers, pine 
grosbeaks were more than 6 times more abundant in beetle-infested stands than any other.  
Pine siskins were found in all treatments.  Hairy and downy woodpeckers were found only in 
unharvested and partially harvested, dispersed retention sites (Fig. 7). 

Overall, the relative abundance of black-capped chickadees, mountain chickadees, hairy 
woodpeckers, and three-toed woodpeckers was higher in dispersed retention than aggregated-
retention stands.  No species appeared to be more abundant in aggregated than dispersed 
retention sites.  Brown-creepers, pine grosbeaks, and pine siskins had their highest abundance 
in beetle-infested stands.  Finally, only chestnut-backed chickadees and golden-crowned 
kinglets appear to have a significantly higher abundance in control than either dispersed or 
patch retention stands (Fig. 7). 
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Figure 5.  Total and mean number (90% CI) of non-migratory bird species detected in five 
treatments (see text for explanation of treatments) in the Arrow TSA during the winter 
(January-March) of 2003. 
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Figure 7.  Relative abundance of non-migratory bird species in a winter bird study in the 
Arrow TSA, January to March 2003.  Error bars are 90% CI.  Treatments are bark-beetle 
infested stands (Bark B.), unharvested controls (unharv.), dispersed and aggregated retention 
partial harvesting (Disp. and Aggr., respectively), and clearcut stands (CC). 
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Figure 7 cont’d.  Relative abundance of non-migratory bird species in a winter bird study in 
the Arrow TSA, January to March 2003.  Error bars are 90% CI.  Treatments are bark-beetle 
infested stands (Bark B.), unharvested controls (unharv.), dispersed and aggregated retention 
partial harvesting (Disp. and Aggr., respectively), and clearcut stands (CC). 
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DISCUSSION 
 

Comparisons between landbases and ecosystems 
 
The primary objective of this study was to determine if there were differences in the 

abundance of winter-resident birds between harvestable and non-harvestable forests in the 
Arrow TSA.  This objective stemmed from previous work that showed lower deadwood and 
productivity levels in the NHLB, particularly in ESSF ecosystems (Huggard 2001).  We 
hypothesized that lower volumes of deadwood and lower levels of productivity in the NHLB 
would result in a lower density of winter resident birds relative to the THLB.  Unfortunately, 
high sampling variance made drawing definitive conclusions tenuous.  However, we found no 
patterns that indicated a consistent, systematic lack of winter resident birds in the NHLB, 
either in terms of species richness, or relative abundance.  There were instances where 
individual species were less abundant in the NHLB of some ecosystems.  Red crossbills were 
less abundant in the NHLB of all ecosystems, although the difference was not very 
pronounced in the ESSFwc4.  As well, pine grosbeaks, boreal chickadees, and red-breasted 
nuthatches were less abundant in the NHLB of the ESSFwc4, though these patterns were not 
repeated in the ESSFwc1.  This lack of consistency makes interpretations difficult; on the 
other hand, it is also encouraging because had their been consistently fewer birds in the 
NHLB of both ESSF ecosystems, we would have had less confidence in the NHLB’s ability 
to act as a coarse filter to maintain biological richness in the Arrow TSA. 

The high community similarity (>80%) between the NHLB and THLB of both ESSF 
ecosystems is also encouraging because it suggests that the NHLB is adequately representing 
the THLB.  The relatively low community similarity between the ICH and ESSF suggests that 
the ecosystem designations developed by Huggard (2000) are meaningful to the organisms 
they were meant to represent.  Sampling a broader range or organisms would help confirm 
these findings. 

Of concern is the low community similarity (51%) between the NHLB and THLB in the 
ICH.  As well, 31% of the species we examined in the ICH were less abundant in the NHLB.  
These results are difficult to explain because the pronounced differences in habitat attributes 
between landbase types were in the ESSF, not the ICH.  However, the ICH NHLB did have 
very low levels of well-decayed snags.  Perhaps this, along with other ecosystem 
characteristics, explains the discrepancy we observed in bird communities between the two 
ICH landbases.  This discrepancy suggests that within-stand live-tree retention strategies in 
the THLB, particularly in the ICH, should not be abandoned.  Spatial and temporal simulation 
tools that track habitat attributes and species’ response will help determine how much 
retention is required in the THLB, given what we what we are learning about the ecological 
contribution of the NHLB. 

Lower site productivity in the ESSF NHLB may explain why crossbills were less 
abundant in the ESSFwc1.  These birds are known to depend on conifer seed crops (Benkman 
1993a and b, Summers and Proctor 1999), which can in turn be an index of site productivity 
(Garman 1955).  Chestnut-backed chickadees were also lacking in the ICH NHLB, possibly 
because of the low abundance of well-decayed snags in this landbase.  However, this may not 
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be a serious concern because the difference in well-decayed snag densities may converge with 
time (Huggard 2001), as younger snags progress to later stages of decay. 

In some cases, bird abundances were higher in the ESSF NHLB than the THLB (e.g., pine 
grosbeaks, black-backed and hairy woodpeckers).  Field crews observed that several of the 
ESSF NHLB stands had recent bark-beetle infestations (less than 2-years old), which could 
explain these findings because many woodpecker species are closely linked to bark-beetle 
infestations.  If these stands continue to remain inoperable, and are not subject to salvage 
logging, then they are fulfilling at least one of the four key roles of unmanaged areas: to 
provide the opportunity for natural disturbances to occur with relatively little human 
intervention. 

 
Conclusions and next steps 

 
A major assumption of ecological representation is that unmanaged areas are doing a good 

job of representing the ecosystems and organisms in managed areas.  We are currently testing 
this assumption using a hierarchical approach to first quantify the spatial extent of unmanaged 
areas, then to examine stand-level habitat attributes, followed by indicator organisms.  We 
found that all bird species present in the THLB were also present in the NHLB, although 
roughly 25% of the comparisons showed lower abundances in the NHLB, particularly in the 
ICH.  Differences within species were generally not consistent across ecosystems (with the 
possible exception of red crossbills, which were lower in the NHLB of all 3 ecosystems).  
Given some of the lower bird abundances observed in the NHLB, within-stand retention in the 
THLB should not be abandoned as a strategy to maintain targeted habitat attributes and the 
organisms they support.  Additional sampling using a design that would yield higher precision 
(e.g., sampling different seasons or species) would help to confirm some of the conclusions 
from this study.  If field sampling of organisms continues as part of this representation 
project, we recommend additional sampling of habitat attributes in the NHLB, because as 
noted by Huggard (2001), structural sampling was relatively limited (6 stands per treatment). 

We also recorded the relative abundance of mammal tracks during this study.  These data 
may provide another species-level test of ecological representation.  Unfortunately, an 
unusually long interval without fresh snowfall made for poor tracking conditions for much of 
the study.  However, these data will be examined in the future.  Multivariate analyses on the 
current bird data set are also forthcoming.  Including covariates from forest cover and 
topographic data may help to explain some of the variance observed in this study. 

 
Comparisons between unharvested, partially harvested, and naturally disturbed stands 
 

The second objective of this study was to determine the short-term effectiveness of partial 
harvesting to mitigate some of the effects of clearcutting, and to measure how well partially 
harvested stands resembled natural disturbances such as bark-beetle infestations.  The benefits 
of maintaining stand-level structural diversity (mainly large trees, snags, and coarse woody 
debris) on cutover areas are two-fold.  In the short term, leaving this structure may mitigate 
the negative effects of logging on forest-dwelling species resulting in smaller initial impacts 
(Lehmkuhl et al. 1999).  Over the long-term, old growth-like characteristics (such as large 
snags and CWD) may result at an earlier age in regenerating forests, increasing the 
complexity of the habitat as compared to clearcut methods; the outcome may be the 
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accelerated recolonization of species that depend on these structurally diverse stands. 
Although partial retention logging is increasingly being explored as a tool for achieving 
biodiversity objectives, it is not yet clear how the retention of large trees, snags, and CWD 
affects the short and long-term persistence or recolonization of forest-dependent species 
(Lehmkuhl et al. 1999, Noss 1999). 

In partially harvested stands, species richness was intermediate between clearcut and 
unharvested stands, and slightly higher than bark-beetle stands.  Norton and Hannon (1997) 
found similar results when they compared the effects of partial cutting relative to clearcut and 
unharvested stands in boreal Alberta.  We also found that 11 out of the 12 species that were 
absent from clearcuts were present in at least one of the partial harvesting treatments.  Only 
white-winged crossbills were absent from partial harvesting treatments.  Thus, partial 
harvesting treatments were serving at least one intended function – ensuring the continued use 
of harvested stands by forest dependent species.  In the boreal forests of Alberta, Tittler et al. 
(2001) found that most bird species they examined benefited from the retention of residual 
trees in cutblocks, however, the authors also concluded that unmanaged areas were a 
necessary component of maintaining bird communities in a matrix of forest harvesting. 

The winter bird community in partial-harvesting systems were more similar to each other 
than to any other treatment.  Based on the index of community similarity, neither retention 
system was better at approximating unharvested stands, although five species were found in 
the dispersed retention treatment that were absent from the aggregated retention treatment.  
Several authors have concluded that aggregated retention is better at “life-boating” species 
than dispersed retention (Vanha-Majamaa and Jalonen 2001, Stuart-Smith 2002, Chan-
McLeod and Bunnell 2002), but this conclusion was not supported by our data.  One study in 
coastal BC found that stands with both dispersed and aggregated retention (termed “mixed” 
retention) contained higher bird abundances than the two retention methods used 
independently, whereas another found that aggregated retention alone was more beneficial 
(Chan-McLeod and Bunnell 2002).  Both studies found that, in the short term, the amount of 
trees retained appeared to be more important than the pattern of retention (Chan-McLeod and 
Bunnell 2002).  In our study sites, live tree densities were similar between the two retention 
systems, large live tree (≥ 30 cm diameter at breast height [dbh]) densities were higher in the 
aggregated system (c. 20/ha vs. 10/ha), snags were more numerous in the dispersed treatment 
(c. 45/ha vs. 24/ha), but large snags (≥ 30 cm dbh) were twice as abundant in the aggregated 
treatment (Maxcy et al. 2002).  Despite the higher abundance of large trees and snags, 
dispersed retention still had higher abundances of black-capped chickadees, mountain 
chickadees, hairy woodpeckers, and three-toed woodpeckers.  This may be due to higher 
levels of individual tree productivity (increased light levels) in dispersed treatments, which in 
turn provides foraging resources for these species. 

Foresters have long realized the benefits of “releasing” individual conifer trees on seed 
production (Bilan 1960).  “Open grown” trees can produce between 2 and 12 times more 
conifer cones compared to trees growing in dense stand conditions (Issac 1943, Garman 1951 
and 1955, Bilan 1960, Allen and Trousdell 1961, Reukema 1961, Owens and Blake 1985, 
Karlsson 2000).  The mechanism responsible for this pattern is not known, but seed 
production is likely influenced strongly by the temperature during bud differentiation (c. 17-
18 months prior to cone maturation in Douglas-fir) and the amount of crown surface area 
exposed to direct sunlight (Allen and Owens 1972, Owens and Blake 1985).  Further evidence 
for increased conifer cone production on sun-exposed crowns can be inferred from 
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information collected at three scales.  Cone production in conifer species is higher on south 
facing slopes when compared to north facing slopes (Owens and Blake 1985).  Pelech (1999) 
reports 1.7 to 3 times higher white spruce cone production on south facing forest edge when 
compared to north facing edge.  At a finer scale, Douglas-fir cone production is 
approximately 20% higher on southern aspects of individual trees (Garman 1955, Owens and 
Blake 1985).  With increasing stand density, the total crown surface area and total crown 
surface area exposed to direct sunlight for individual trees will decrease.  Thus, the seed-
producing ability of a conifer stand is likely related more to the total surface area exposed to 
direct sunlight rather than to the total number of trees.  For species that depend on conifer 
seed, the quality of the habitat (assuming seed is the most important resource) will be similar 
when individual trees begin competing for access to direct sunlight.  It is highly unlikely that 
the conifer trees retained in the dispersed retention treatment of this study were limited by 
access to resources such as sunlight and moisture.  As a result, individual trees may have been 
producing 2 to 12 times more seed than individual trees in the unharvested control.  If this 
were the case, species that depend on conifer seed might realize an increase in habitat quality 
that is positively disproportionate to the number of stems retained in a logged stand.  This 
might be particularly relevant for dispersed retention stands.  

Two key woodpecker species (hairy and three-toed woodpeckers) were not present in 
bark-beetle stands.  This was surprising because they are often associated with beetle-infested 
areas.  Bark-beetle stands contained an order of magnitude more snags than other treatments 
(Maxcy et al. 2002), which is thought to benefit these species.  However, beetle stands were 
infested 5-10 years ago, which may be beyond the period of peak use by woodpeckers 
(Schieck and Song 2002).  These stands were selected because they were part of another IFPA 
project.  However, examining stands that were infested more recently may have revealed 
different patterns.  Also, the relatively low sampling intensity of bark-beetle stands (6) should 
be considered when interpreting these results.  As noted in the previous section, field crews 
incidentally observed that several NHLB stands had fresh beetle-infested trees, and 
correspondingly several woodpecker species were found within those stands. 

Beetle stands were most similar to the dispersed retention treatment, which may support 
the notion that some harvesting systems can mimic limited aspects of natural disturbances.  
However, white-winged crossbills were present in beetle stands but absent from both partial-
harvesting treatments.  Pine Grosbeaks and brown creepers were also much less abundant in 
partial-harvested stands compared to beetle-infested stands.  As a result, we suggest that 
partial harvesting, rather than being designed solely to approximate natural disturbance, be 
incorporated into the range of planning tools that can be used to enhance habitat attributes that 
are difficult to maintain in the intensively managed landbase.  Of course, this will require long 
planning horizons because attributes such as large pieces of deadwood cannot be recruited 
unless live-tree patches are retained longer than the length of a harvesting rotation. 

 
Winter sampling 

 
Despite being a critical time of year for non-migratory birds in Canada, winter-bird 

sampling is not commonly conducted.  This type of work is avoided primarily because of low 
detections and logistical difficulties.  Winter-resident birds often flock during the winter 
months and tend not to sing or call with the same intensity as they do during the breeding 
season.  As a result, it is more difficult to census winter bird populations.  This, coupled with 
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the difficulties of conducting fieldwork during the winter, has restricted the number of winter 
studies that have been done.  Using the same sampling intensity, a study conducted this year 
in the Okanagan Valley found that, with moderate effort, good estimates of relative 
abundance were obtained for species such as the chickadees, brown creepers, red-breasted 
nuthatches, red crossbills, and three-toed woodpeckers (Herbers et al. 2003).  The authors 
concluded that these species could form a component of a longer-term monitoring program.  
Although we did not achieve the same level of precision, we are now more certain about the 
ecological contribution of the NHLB.  In terms of long-term monitoring, it may be more 
appropriate to sample seasons other than winter, or to explore different organisms that are 
easy to monitor in winter, such as marten or other small to medium-sized mammals. 
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