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SUMMARY 

Over the past 4 years, the Arrow Innovative Forestry Practices Agreement (IFPA) has 
been developing a framework for maintaining biological diversity in the Arrow timber supply area 
(TSA).  One of the main components of this framework is the development of a coarse-filter 
strategy of ecological representation.  Ecological representation is about representing 
ecosystems in an unmanaged state and, as such, is an important first step towards maintaining 
biodiversity because it helps to account for species that are too poorly known or numerous to 
manage individually.  To date, research conducted by the Arrow IFPA has largely focused on 
quantifying how well the non-harvestable landbase represents ecosystem types and key habitat 
elements in the harvestable landbase.  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 ecosystem types in 
the TSA were equitably represented in non-harvestable areas.  However, sampling habitat 
attributes in the 5 largest ecosystems revealed several important differences between the 
harvestable and non-harvestable landbase.  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. 

 
Recently, the Arrow IFPA began examining if the structural differences between 

landbase types are biologically meaningful to the organisms that depend on this structure.  
During winter 2003, a species-level test of ecological representation in the Arrow TSA was 
initiated in the harvestable and non-harvestable landbases of the 3 largest ecosystems 
(Serrouya et al. 2003).  Serrouya et al. concluded that non-migratory birds were generally well 
“represented” in the non-harvestable landbase of ESSF ecosystems.  However, they found 45% 
fewer birds in the ICH non-harvestable landbase despite similar levels of forest structure.  This 
raised concern that the ICH non-harvestable landbase may not be doing a good job representing 
the avian community found in the ICH harvestable landbase.   

 
In this study we built upon previous research by examining spring breeding bird diversity 

and density in the harvestable and non-harvestable landbases of the 3 largest ecosystems.  We 
also followed up on the results from the non-migratory bird project conducted during winter 2003 
by resurveying harvestable, non-harvestable and partially harvested stands in the ICH 
ecosystem.  We chose to resurvey the ICH because of differences noted the previous winter.  
Our overall objectives were: 1) to examine breeding birds in the 3 largest ecosystems in the 
Arrow TSA, 2) to examine breeding birds between the harvestable and non-harvestable 
landbases in the 3 largest ecosystems, 3) to examine winter birds between the harvestable and 
non-harvestable landbases in the ICH ecosystem, and 4) to examine winter birds in 2 commonly 
implemented partial harvesting treatments.  We used the point transect method to measure bird 
community composition and density.  Point counts were systematically spaced at 200-m 
intervals within each stand and were a minimum 100 m from stand boundaries.   

 
During the breeding season 8 stands were sampled 2 times each in the harvestable and 

non-harvestable landbases of the three largest ecosystems.  The 8 sampled stands were a 
random subset of the 12 stands sampled within each ecosystem and landbase during winter 
2003 and winter 2004.  Only mature unharvested stands between 101-140 years were sampled 
and sampling was conducted from mid May to mid July, 2003.  We found that the ICH 
ecosystem had an average 27% higher number of species relative to the ESSF, but that the 
ESSF ecosystems had a 15% higher density of breeding birds.  Community similarity, bird 
diversity, and bird density were similar between ESSF ecosystems and ESSF landbase types.  
In addition, we found few systematic differences in bird diversity or density between the 
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harvestable and non-harvestable landbase.  Results from the ESSF ecosystems further increase 
confidence that the non-harvestable landbase is doing a good job ‘representing the harvestable 
landbase.  In contrast, several species showed significant differences in density between the 
harvestable and non-harvestable ICH.  These differences suggest that the harvestable ICH 
landbases might be a good candidate for medium and fine-filter strategies for maintaining 
biological diversity.  The medium-filter is the management of stand-level attributes upon which 
many groups of organisms depend, such as snags and coarse-woody debris and the fine-filter is 
the management of individual species or unique ecosystems.  Medium and fine-filter strategies 
might be efficiently implemented using partial harvesting strategies in the partially constrained 
ICH landbase.   
  

From early February to early March, 2004 we resampled 12 stands in each of the ICH 
harvestable and non-harvestable landbases and resampled 10 stands in the dispersed and 
aggregated partially harvested treatments.  Stands in the harvestable and non-harvestable ICH 
were between 101-140 years old.  Results from the ICH harvestable/non-harvestable 
comparison show that bird diversity was similar in both 2003 and 2004.  However, in contrast to 
winter 2003, results from the ICH comparison show little difference in the density of birds during 
winter 2004.  In 2003, the harvestable landbase had 45% more birds than the non-harvestable 
landbase; in 2004 this difference declined to 19%.  These results suggest the non-harvestable 
landbase may better “represent” the avian biodiversity of the harvestable landbase in some 
years but not others.  As a result, we suggest that the ICH non-harvestable landbase should not 
be counted on to completely “represent” the ICH harvestable landbase.  Again, partially 
constrained areas in harvestable ICH can provide a mechanism for increasing mature stand 
characteristics in this landbase type through the use of longer rotations or partial retention 
logging. 
 
 Partial harvesting is common in the Arrow TSA because 25% of the TSA is in designated 
visual quality zones.  We compared the diversity and density of non-migratory birds in stands 
that were partially harvested using two different harvesting patterns: dispersed or aggregated 
live tree retention.  Stands in the partially harvested treatments were harvested between 1989 
and 1997 with an average 13% basal area was retained.  In both 2003 and 2004, species 
diversity and bird density was highest in mature unharvested stands and lowest in the 
aggregated retention treatment.  The density of individual species showed the same pattern.  
Partial harvesting treatments were likely serving at least one intended function – ensuring the 
continued use of harvested stands by forest-dependent species.   
 

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 ICH 
areas, stand-level retention in the timber-harvesting landbase should not be abandoned.  
Additional sampling using a design that surveyed a broader range of organisms (e.g., different 
species or species groups) would help to confirm some of the conclusions from this study.   
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1 GENERAL INTRODUCTION 
1.1 Ecological Representation 

Ecological representation is one of the most efficient and effective means of maintaining 

biological diversity and ecosystem function while maximizing resource opportunities on the 

landbase. The ecological representation-based approach to reserve design seeks to represent a 

portion of all ecosystems in a system of protected areas throughout the planning area.  

Ecological representation is increasingly considered one of the most important criteria in a 

successful conservation area design; it forms the foundation for ensuring the persistence of 

biodiversity and ecosystem function (O’Neil et al. 1995, Noss 1999).  A well designed system of 

representative ecosystems is one of the surest means of conserving biodiversity; it is an efficient 

and conservative approach proactively managing for biodiversity, known or unknown, at risk or 

not (Belbin 1993, Johnson 1999, Schwartz 1999).   

The overall goal of ecological representation is to provide an area were native biota, 

ecological functions, and ecological processes can occur in the landbase (Margules and 

Pressey 2000, Groves et al. 2002).  Typically, ecological representation is viewed in terms of 

protected areas, however, unmanaged areas that are constrained from forest harvesting (non-

harvestable areas) for other reasons will also contribute toward meeting biodiversity objectives 

(Huggard 2000b).  Not all areas in a landscape are equally available for resource use and 

extraction; operational constraints, economical constraints or social values restrict harvesting in 

some areas of the landbase.  Some examples of constraints (other than existing protected 

areas) include: inaccessible areas, steep slopes, environmentally sensitive regions, visual 

quality areas, and domestic watersheds.  Given these existing constraints, it is worthwhile to 

consider what contribution these areas are making toward maintaining biological diversity and 

ecological processes and functions in the landbase.  By determining how much area is 

constrained in the landbase, and the ecological condition of these areas, biodiversity objectives 

can be prioritized, and management strategies focussed to meet those biodiversity objectives in 

the harvestable portion of the landbase (Huggard 2000b). 

Representing a portion of each ecosystem in an unmanaged is an important first step 

towards maintaining biological diversity because it serves four important roles (Huggard 2000b).  

First, it helps to account for the thousands of organisms that are too poorly known or numerous 

to manage on an individual basis.  Second, it provides a buffer against risks, which tend to be 

higher in the managed portion of the landbase.  Third, it provides the opportunity for natural 

disturbances and succession to occur, without salvage logging or other interventions.  Natural 

processes are important to many species and may not be easily replicated in the landbase being 
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harvested, even with well-informed management practices.  In other words, the unmanaged 

landbase provides a location for unknown or poorly understood natural processes to occur.  

Finally, larger unmanaged areas can provide benchmarks to compare the effects of 

management in the harvestable portion of the landbase (Arcese and Sinclair 1997). 

 

1.2 Arrow TSA Background 
Over the past 4 years, the Arrow Innovative Forestry Practices Agreement (IFPA) has 

been developing and testing a coarse-filter strategy for maintaining biological diversity in the 

Arrow timber supply area (TSA).  Core to the development of this strategy has been quantifying 

the coarse-filter contribution that different landbase types (e.g., harvestable and non-harvestable 

landbases) and different harvesting methods (e.g., dispersed and aggregated live tree retention) 

are making toward ecological representation in the Arrow TSA.   

To our knowledge, the research being conducted in the Arrow TSA is the first complete 

test of ecological representation in the world.  Previous research examining the distribution of 

ecosystems across the Arrow TSA has established that an average of 43% of the forested 

landbase and 34% of the largest ecosystem (mesic-submesic ICH) are currently in the non-

harvestable landbase (Huggard 2000a and b).  A second project measuring differences in forest 

structure between the harvestable and non-harvestable landbase found significantly less dead 

wood in the non-harvestable landbases of the ESSF ecosystem (Huggard 2001); fewer 

structural differences were apparent between landbases in the ICH ecosystem.  During the 

winter of 2003, a third project was initiated to further examine the harvestable and non-

harvestable landbases using forest-dependent bird species as indicators (Serrouya et al. 2003).  

Serrouya et al. (2003) concluded that non-migratory birds were generally well “represented” in 

the non-harvestable landbase of the 2 largest ESSF ecosystems.  However, in the ICH 

ecosystem, they found 45% more birds in the harvestable landbase compared to the non-

harvestable landbase despite the fact that both landbase types have similar levels of forest 

structure.  This raised concern that the non-harvestable landbase may not be doing a good job 

representing the avian community found in the harvestable landbase in the ICH ecosystem.   

In addition to the 43% non-harvestable constraint in the Arrow TSA, another 25% of the 

landbase has partial constraints to harvesting (Huggard 2000b).  These partial constraints to 

harvesting can provide additional opportunity to maintain habitat for forest-dependent biological 

diversity; particularly in ecosystems that are poorly represented in the non-harvestable landbase.  

Two of the more common methods for retaining forest structure in the partially constrained 

landbase are dispersed and aggregated live tree retention.  In the Arrow TSA, these harvesting 
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methods typically retain between 5% and 25% of the original live tree forest structure in a block 

(Maxcy et al. 2002).  Working in the Arrow TSA during the winter of 2003, Serrouya et al. (2003) 

found that many winter resident birds appeared to benefit from the present of residual structure 

compared to clearcut stands, as species richness and relative abundance was higher in partially 

harvested stands compared to clearcut stands.  They suggest that both partial retention 

strategies can be used to mitigate some of the negative effects that clearcutting can have on 

non-migratory birds during winter.   

 

1.3 Research Objectives 
The overall goals of this research are to help objectively quantify the existing ecological 

contribution of operationally constrained areas and to identify opportunities to achieve a more 

efficient balance between ecological objectives and timber harvesting in the Arrow TSA.  More 

specifically, this project was designed to follow up on the findings of Serrouya et al. (2003) by 

examining bird distribution, diversity and density between the harvestable and non-harvestable 

landbase during the spring of 2003 and winter of 2004.  In addition, we examined the diversity 

and density of non-migratory birds in partially harvested stands during the winter of 2004.  This 

research constitutes the most precise level of testing required to quantify the ability of 

operationally constrained areas to sustain biological diversity and ecosystem function in the 

Arrow TSA.   

The specific objectives of this research are to: 

1. examine differences in the diversity and density of breeding birds between the 3 largest 

ecosystems in the Arrow TSA. 

2. use the diversity and density of breeding birds to assess if there are biologically 

meaningful differences between the harvestable and non-harvestable landbase in the 3 

largest ecosystems in the Arrow TSA during the breeding season. 

3. use the diversity and density of non-migratory birds during winter to assess if there are 

biologically meaningful differences between the harvestable and non-harvestable 

landbase in the single largest ecosystem in the Arrow TSA i.e. ICH ecosystem. 

4. use the diversity and density of non-migratory birds during winter to assess if there are 

biologically meaningful differences between mature uncut forest, stands logged using 

dispersed retention, and stands logged using aggregated retention.     

Section 2 of this report details the research pertaining to objectives 1 and 2 while section 3 

discusses objectives 3 and 4.  Section 4 discusses the overall management implications of this 

research.   
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2 SPRING BIRDS 
2.1 Introduction 

This research was designed to directly support a framework of ecological representation 

developed by David Huggard (2000a, 2000b, 2001) for the Arrow TSA and to complement 

previous winter bird sampling conducted by Serrouya et al. (2003).  Previous work in the Arrow 

TSA suggested that differences in forest structure between the ICH harvestable and non-

harvestable landbases were few while structural differences between the ESSF harvestable and 

non-harvestable landbases were greater (Huggard 2001).  These results increased confidence 

that the non-harvestable landbase was doing a good job representing the harvestable landbase 

in the ICH ecosystem, but not in the two ESSF ecosystems.  However, the degree that these 

differences matter to the individual species that depend on forest structure remained uncertain.  

As a result, we chose breeding birds as indicators to identify and quantify any systematic 

differences in the ability of the non-harvestable landbase to represent avian biodiversity found in 

the harvestable landbase.  Breeding birds were chosen as an indicator because their diversity 

and density is sensitive to differences in forest structure (Bunnell et al. 1999), they are highly 

vocal and easily surveyed (Buckland et al. 2001), and because the bird community is most 

diverse during the spring.   

The specific objectives of this research were:  

1. to examine the diversity of species between the harvestable and non-harvestable 

landbases in the ICH, ESSF wc1, and ESSF wc4 ecosystems. 

2. to examine the overall density of birds between the harvestable and non-harvestable 

landbases in the ICH, ESSF wc1, and ESSF wc4 ecosystems. 

3. and, to examine differences in the density of individual bird species between the 

harvestable and non-harvestable landbases in the ICH, ESSF wc1, and ESSF wc4 

ecosystems. 

 

2.2 Methods 
2.2.1 Study Site 

The Arrow TSA is located in the Selkirk Mountains near Castlegar, British Columbia 

(Latitude: 117°37’57”, Longitude: 49°17’47”).  The topography is steep, ranging from 500 to 2700 

m asl.  Mean temperatures are below 0ºC for 3 months and above 10ºC for 5 months of the 

year, and annual average precipitation is 758 mm (Environment Canada 1993).  Our study was 

located in the interior cedar-hemlock (ICH), and Engelmann spruce subalpine fir (ESSF) 

Biogeoclimatic zones (Braumandl and Curran 1992).  We sampled 3 ecosystems: the “ICH 
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ecosystem” (previously referred to as the “mesic-submesic ICH”), the “ESSF wc1” ecosystem 

(previously referred to as mesic-xeric ESSFwc1), and the ESSF wc4 ecosystem (previously 

referred to as drier ESSF wc4; Huggard 2000a, 2000b, 2001).  The ICH ecosystem ranged from 

500 to 1700 m asl, the ESSF wc1 from 1400 to 2000 m asl, and the ESSF wc4 from 1600 to 

2200 m asl (Braumandl and Curran 1992).  Although interior Douglas-fir (Pseudotsuga menziesii 

glauca) was the most common tree species in the ICH ecosystem, lodgepole pine (Pinus 

contorta latifolia), spruce (Picea glauca), and western redcedar (Thuja plicata) were also locally 

abundant.  The ESSF wc1 was dominated by interior Douglas-fir, lodgepole pine, spruce, and 

subalpine fir (Abies lasiocarpa) while the ESSF wc4 was composed largely of lodgepole pine, 

spruce, and subalpine fir.  These three ecosystems composed 68% of the total forested 

landbase (4056 km2) in the Arrow TSA.   

Within the 3 ecosystems, we further stratified sampling using two landbase designations 

based on constraints to timber harvesting: the harvestable and non-harvestable landbases.  The 

harvestable landbase is subject to standard forestry activities while non-harvestable landbase is 

constrained for various economic and operational reasons (e.g., steepness, accessibility, or 

economics; Huggard 2001).  The non-harvestable landbase in the Arrow TSA composes 43% of 

the overall landbase.  We refer to ecosystem and landbase combinations as “experimental units” 

throughout the remainder of this report.  Bird sampling only occurred in unharvested mature 

forest stands in each experimental unit. 

 

2.2.2 Study Design 

The purpose of our research was to compare the diversity and density of breeding birds 

in the harvestable and non-harvestable landbases of the ICH, ESSF wc1, and ESSF wc4 

ecosystems.  We sampled birds in 8 mature forest stands in each of 6 experimental units.  

Stands were a minimum 30 ha in size, had no previous harvesting, and ranged in age from 101-

140 years.  Using a geographic information system (GIS), a pool of candidate stands fitting age, 

size, landbase, and ecosystem criteria were identified.  Stands were randomly selected for 

sampling from the candidate pool.  The 8 stands in each experimental unit were a subsample of 

the 12 stands surveyed in Serrouya et al. (2003). 

This study was conducted between May 14th and July 17th, 2003.  We used unlimited-

distance point counts (Buckland et al. 2001) to measure non-migratory bird diversity and density.  

Five to 8 point counts were systematically spaced at 200-m intervals within each stand (Table 1).  

To reduce the effect of proximity to other habitat types (e.g., clearcuts or different ecosystems), 

point count stations were a minimum 100 m from stand boundaries.   
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Each stand was visited twice during spring.  Surveys were conducted from one half-hour 

after sunrise to 4 hours after sunrise.  To reduce sampling bias, experimental units were 

systematically sampled across the duration of the field season.   
 
Table 1.  Mean number of point count stations per stand in the Arrow TSA during breading 
season. 

Mean # point counts/stand Experimental unit 
ICH ESSF wc1 ESSF wc4 

Harvestable 8 7.9 7.6 
Non-harvestable 8 7.6 7.6 

 
Point counts were started one minute after observers arrived at the station and surveyed 

for 6 continuous minutes.  Data collected for birds included: time of detection (3 2-minute 

intervals), species, horizontal distance from the point-count station (5 20-m distance intervals 

and distance was estimated to the nearest 10m when >100m from observer), detection method 

(e.g., visual or auditory), number of birds per observation, and whether the animal was within the 

stand boundary (RISC 1998 and 1999).  The vertical stand boundary was defined as less than 

10 m above tree tops.  Birds were only recorded a single time at every point-count station and 

only once in every stand when observers were confident 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 observation with 

>1 bird. 

 

2.2.3 Analyses 

Total species richness was calculated as the number of species detected in each 

experimental unit.  Mean species richness per stand was calculated as the average number of 

species detected in each stand per experimental unit.   

Bird density was corrected for the detection sampling bias that is often associated with 

different habitat types (Buckland et al. 2001).  Because there was too little data for individual 

species, we estimated detection functions for each experimental unit using 2 species groups.  

Parids, creepers, warblers, sparrows, vireos, and flycatchers (but not olive-sided flycatchers), 

and kinglets were the quietest species in our study and treated as a single species group.  

Similarly, thrushes, woodpeckers, sapsuckers, finches, corvids, the winter wren, blackbirds, and 

tanangers were assumed to have comparable detection probabilities and treated as a second 

species group.  Detection functions were calculated for each ecosystem using the program 
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DISTANCE (http://www.ruwpa.st-and.ac.uk/distance).  Detection functions were calculated using 

a half-normal model with no adjustment parameters, 6 20-m distance categories, and by 

excluding observations >120m from the observer (Buckland et al. 2001).  Density for 

experimental units was calculated by averaging results from 2 sampling periods and taking the 

mean of all sampled stands in each experimental unit. 

Community similarity was compared using the Renkonen Percent Similarity Index (RPSI; 

Krebs 1989).  The relative abundance of each species within a single experimental unit was 

standardized to a percent of the total experimental unit abundance so that the relative 

abundance of all species in a single experimental unit summed to 100%.  Each species was 

weighted equally in calculating RPSI.  Communities with the same species in the same 

abundance have a RPSI of 100 and communities with no shared species have a RPSI of 0.  

Only species with >5 observations in 3 or more stand in this study were used to calculate RPSI.  

Birds detected outside stand boundaries were excluded from all analyses.   

To examine whether the difference in the density of individual species between 

experimental units was significant, we used a Newman-Keuls multiple range procedure (P = 

0.05; Zar 1984).  Densities were log (x+1) transformed to approximate normality (Krebs 1989).   

 

2.3 Results 
We detected a total of 64 bird species in 6 experimental units during the spring of 2003 

(Table 2).  Yellow-rumped warblers and red-breasted nuthatches were the most commonly 

detected species while blue grosbeaks were among the rarest (Table 2).  The top 10 most 

commonly detected species accounted for 71% of all observations in our study.   
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Table 2.  Species and number of detections in the Arrow TSA during the spring of 2003. 
Common name (scientific name) # Common name (scientific name) cont. # 
Wild Turkey (Meleagris gallopavo) 2 Varied Thrush (Ixoreus naevius) 352 
Ruffed Grouse (Bonasa umbellus) 27 Townsend's Solitaire (Myadestes townsendi) 21 
Spruce Grouse (Falcipennis canadensis) 2 Veery (Catharus fuscescens) 2 
Sharp-shinned Hawk (Accipiter striatus) 1 Swainson's Thrush (Catharus ustulatus) 107 
Rufous Hummingbird (Selasphorus rufus) 2 Hermit Thrush (Catharus guttatus) 542 
Calliope Hummingbird (Stellula calliope) 10 Cassin's Vireo (Vireo cassinii) 69 
Pileated Woodpecker (Dryocopus pileatus) 8 Red-eyed Vireo (Vireo olivaceus) 12 
Hairy Woodpecker (Picoides villosus) 33 Warbling Vireo (Vireo gilvus) 37 
Three-toed Woodpecker (Picoides tridactylus) 21 Magnolia Warbler (Dendroica magnolia) 24 
Northern Flicker (Colaptes auratus) 17 Yellow-rumped Warbler (Dendroica coronata) 825 
Red-naped Sapsucker (Sphyrapicus nuchalis) 27 Townsend's Warbler (Dendroica townsendi) 366 
Western Wood-Pewee (Contopus sordidulus) 1 American Redstart (Setophaga ruticilla) 2 
Olive-sided Flycatcher (Contopus borealis) 13 Nashville Warbler (Vermivora ruficapilla) 80 
Hammond's Flycatcher (Empidonax hammondii) 52 MacGillivray's Warbler (Oporonis tolmiei) 19 
Dusky Flycatcher (Empidonax oberholseri) 14 Yellow Warbler (Dendroica petechia) 1 
Pacific-slope Flycatcher (Empidonax difficilis)  2 Orange-crowned Warbler (Vermivora celata) 35 
Violet-green Swallow (Tachycineta thalassina) 1 Wilson's Warbler (Wilsonia pusilla) 56 
American Crow (Corvus brachyrhynchos) 2 Brown-headed Cowbird (Molothrus ater) 6 
Common Raven (Corvus corax)  11 Western Tanager (Piranga ludoviciana)  65 
Steller's Jay (Caynocitta stelleri) 16 White-crowned Sparrow (Zonotrichia leucophrys) 1 
Clark's Nutcracker (Nucifraga columbiana) 6 Chipping Sparrow (Spizella passerina) 30 
Gray Jay (Perisoreus canadensis) 68 Fox Sparrow (Passerella iliaca) 86 
Mountain Chickadee (Parus gambeli) 103 Spotted Towhee (Pipilo maculatus) 15 
Black-capped Chickadee (Parus atricapillus) 70 Dark-eyed Junco (Junco hyemalis) 480 
Chestnut-backed Chickadee (Parus rufescens) 77 Black-headed Grosbeak (Pheucticus melanocephalus) 7 
Boreal Chickadee (Parus hudsonicus) 162 Blue Grosbeak (Passerina caerulea) 1 
Red-breasted Nuthatch (Sitta canadensis) 760 Lazuli Bunting (Passerina amoena) 2 
Brown Creeper (Certhia americana)  62 Red Crossbill (Loxia curvirostra) 173 
Winter Wren (Troglodytes troglodytes) 186 White-winged Crossbill (Loxia leucoptera) 4 
Ruby-crowned Kinglet (Regulus calendula)  114 Pine Grosbeak (Pinicola enucleator) 108 
Golden-crowned Kinglet (Regulus satrapa) 391 Evening Grosbeak (Coccothraustes vespertinus) 22 
American Robin (Turdus migratorius)  48 Pine Siskin (Carduelis pinus) 86 

 
Total and mean species richness was highest in the ICH ecosystem; both the ESSF wc1 

and ESSF wc4 had an average 27% fewer species than the ICH (Figure 1A).  Mean bird density 

showed the opposite trend as density increased by an average of 15% in the ESSF wc1 and 

ESSF wc4 compared to the ICH (Figure 1B).  There were no consistent differences in total 

species richness, mean species richness, or mean bird density between the harvestable and 

non-harvestable landbases in any of the three ecosystems (Figure 1A and B).  The ICH non-

harvestable landbase had a 23% higher density of birds than the harvestable landbase.   
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Figure 1.  A. Total and mean (± 95% CI) number of bird species detected and B. mean density 
(± 95% CI) of birds detected in 6 experimental units during the spring of 2003. 

 
 

Percent community similarity was highest between the four ESSF experimental units, 

ranging from 76% to 84% (Table 3).  Community similarity between the ICH harvestable and 

non-harvestable landbases was 68%.  The two ICH experimental units compared to the 4 ESSF 

experimental units showed the lowest similarity ranging from 40% to 58%.   
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Table 3.  Percent community similarity (%) between 6 experimental units during the spring of 
2003. 

Experimental unit ICH 
harvestable 

ICH non-
harvestable 

ESSFwc1 
harvestable. 

ESSFwc1 
non-
harvestable 

ESSFwc4 
harvestable 

ICH non-harvestable 67.9     
ESSFwc1 harvestable 58.3 56.0    
ESSFwc1 non-harvestable 52.7 57.0 80.2   
ESSFwc4 harvestable 50.8 53.2 80.4 84.3  
ESSFwc4 non-harvestable 39.6 48.8 75.8 78.7 78.7 
 

 
We found several significant differences in non-migratory bird density between the 6 

experimental units (Figure 2).  Similar to the results from winter 2003 (see Appendix 1), black-

capped chickadees had significantly higher densities in the non-harvestable than harvestable 

ICH while chestnut-backed chickadees had significantly higher densities in the harvestable than 

non-harvestable ICH.  Also similar to winter 2003, Gray jays, boreal chickadees, and pine 

grosbeaks had their lowest densities in the ICH compared to the ESSF ecosystems.  Golden-

crowned kinglets consistently had low densities in the non-harvestable landbase compared to 

the harvestable landbase in all three ecosystems.   
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Figure 2.  Relative abundance (%) of non-migratory bird species in 6 experimental units during 
the spring of 2003.  Relative abundance sum to 100% for individual species.  A Newman-Keuls 
multiple range procedure was used to test for significant differences between experimental units.  
Experimental units that had a significantly higher density (P ≤ 0.05) are shown using the number 
of the group(s) that they were different from.  For example, there was a significantly higher 
density of chestnut-backed chickadees in the harvestable ICH than all other groups.   
 

 We also found several significant differences in the density of migratory woodpeckers, 

flycatchers, and thrushes between the 6 experimental units (Figure 3).  The northern flicker, red-

naped sapsucker, Hammond’s flycatcher, dusky flycatcher, and American robin had consistently 

higher densities in the ICH ecosystem; the remaining species were more abundant in the ESSF 

ecosystems.   
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Figure 3.  Relative abundance (%) of migratory woodpeckers, flycatchers, wrens, and thrushes 
in 6 experimental units during the spring of 2003.   
 

 

Figure 4 shows the density of vireos through juncos in our 6 experimental units.  At least 

six species appear to have a higher density in the ICH than ESSF ecosystems. Surprisingly, 

none of these species in the ICH had a significantly higher density in the harvestable than non-

harvestable landbase; in contrast, five species had a significantly higher density in the non-

harvestable than harvestable landbase.  Only one species (fox sparrow) was significantly more 

abundant in the ESSF than ICH ecosystem.   
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Figure 4.  Relative abundance (%) of migratory vireos, warblers, tanagers, sparrows, and juncos 
in 6 experimental units during the spring of 2003.   
 
 
2.4 Discussion  

The first objective of this study was to examine differences in breeding bird diversity and 

density in the 3 largest ecosystems in the Arrow TSA.  Similar to the results from winter 2003 

(Serrouya et al. 2003; see Figure A1), species richness was 27% higher in the ICH compared to 

both ESSF ecosystems during the spring of 2003.  Results from the current study are consistent 

with previous research on bird community composition along elevational gradients in which 

species richness appears to decrease with increasing elevation (Able and Noon 1976, Stevens 

1992, Hansen and Rotella 2002, Herbers et al. in review).  Generally, low species richness at 

higher elevations is believed to result from extreme biophysical conditions favoring the survival 

of fewer species that have a broad tolerance for climactic variation (Stevens 1992).  Higher bird 

species richness in the ICH ecosystem may also be a result of the high tree species diversity 

found in this ecosystem relative to the ESSF ecosystems; mature ICH forest has amongst the 
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highest tree species diversity in British Columbia compared to other BEC variants (Braumandl 

and Curran 1992).  The high tree species diversity coupled with a relatively mild climate at low 

elevations are likely responsible for the high number of species observed in the ICH ecosystem.   

Unexpectedly, we found an average 15% higher density of breeding birds in the 2 ESSF 

ecosystems compared to the ICH.  Similar to species richness, previous research has found that 

bird density is generally higher in low elevation forest ecosystems (Able and Noon 1976, Hansen 

and Rotella 2002).  The reason that the 2 ESSF ecosystems had a slightly higher density of 

breeding birds is not clear.  Five of the 10 most commonly detected species in our study (boreal 

chickadee, varied thrush, hermit thrush, yellow-rumped warbler, and dark-eyed junco) had 

significantly higher densities in the 4 ESSF experimental units than in 1 or both ICH 

experimental units.  In contrast, only the red crossbill had a significantly higher density in the ICH 

than ESSF experimental units.  Although the ESSF experimental units have fewer species, 

many species common to the ESSF are the most abundant in the Arrow TSA.  It is the high 

density of these common species that is primarily responsible for the overall high bird density in 

the ESSF.  Overall, the ICH ecosystem appears to have high species diversity, but many 

species at a comparatively low density.   

The second objective of the spring bird sampling was to determine if there were 

biologically meaningful differences in breeding bird diversity and density between the 

harvestable and non-harvestable landbase in the 3 largest ecosystems in the Arrow TSA.  

During winter 2003, we found that no difference between the harvestable and non-harvestable 

ESSF landbases but a 45% higher density of birds in the harvestable than non-harvestable ICH.  

During spring 2003, we found few systematic differences in the density of birds between the 

harvestable and non-harvestable landbases.  Overall bird density was slightly higher in the non-

harvestable landbase of the ICH and ESSF wc4 ecosystems compared to the harvestable 

landbase of each respective ecosystem.  In contrast, bird density was higher in the harvestable 

landbase of the ESSF wc1 relative to the non-harvestable landbase in the ESSF wc1 

ecosystem.  When individual bird species are considered, in the ICH ecosystem, 3 species had 

a significantly higher density in the harvestable landbase while 6 species had a significantly 

higher density in the non-harvestable landbase.  In the ESSF wc1 a single species had a 

significantly higher density in the harvestable landbase while in the ESSF wc4 a single species 

had a significantly higher density in the non-harvestable landbase.  Overall, it appears that the 

non-harvestable landbase is doing a good job at representing the harvestable landbase with 

respect to breeding bird diversity and density, particularly in the ESSF ecosystems.   

Although the harvestable and non-harvestable landbases in the ICH ecosystem are 
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structurally similar (Huggard 2001), differences in the abundance of several species suggest that 

there may be other ecologically meaningful differences between these landbases that have not 

yet been identified.  Mirroring results collected in the ICH ecosystem during the winter of 2003 

(Serrouya et al. 2003; see appendix 1), black-capped chickadees had a significantly higher 

density in the non-harvestable landbase while chestnut-backed chickadees and golden-crowned 

kinglets had a significantly higher density in the harvestable landbase.  Black-capped 

chickadees are typically associated with lower elevation open deciduous and mixed-deciduous 

stands (Smith 1993) while chestnut-backed chickadees prefer humid closed-canopy conifer 

forests (Lepthien and Bock 1976, Campbell et al. 1997).  Golden-crowned kinglets are similar to 

chestnut-backed chickadees in that they are insectivorous and prefer dense old-growth or 

advanced second growth mixed conifer stands for nesting (Campbell et al. 1997).  The 

difference in the density of these species, and others (i.e., ruffed grouse, pileated woodpecker, 

brown creepers, Hammond’s flycatcher, warbling vireo, magnolia warbler, yellow-rumped 

warbler, and the western tananger), between landbases ICH ecosystem suggests that at least 

some aspects of ecosystem function are not the same between the harvestable and non-

harvestable landbases.  From the perspective of conserving biological diversity, maintaining 

habitat for those species that appear to prefer the harvestable ICH landbase should be a priority.  

Providing medium or fine-filter strategies for the pileated woodpecker, chestnut-back chickadee, 

brown creeper, and golden-crowned kinglet should be considered when managing for 

biodiversity in the ICH harvestable landbase.  In addition, these 4 species may make good long-

term indicators for the harvestable ICH.   

 Despite the significant structural differences between the harvestable and non-

harvestable ESSF ecosystems (Huggard 2001), these landbases had a high community 

similarity and little difference in species diversity or bird density.  With few exceptions, individual 

species did not have significantly higher densities in the harvestable ESSF experimental units.  

During the previous winter, Serrouya et al. (2003) also found little difference in bird diversity or 

density in these 2 landbase types during winter.  These results suggest that the non-harvestable 

landbase in ESSF ecosystems are doing a good job at representing the bird community of the 

harvestable landbase.   
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3 WINTER BIRDS 
3.1 Introduction 

During the winter of 2004 we resampled harvestable, non-harvestable, and partially 

harvested stands in the ICH ecosystem.  The purpose of this research was two-fold.  First, this 

research is a continuation of the species-level test of ecological representation in the Arrow TSA 

complementing previous bird work conducted in the winter and spring of 2003.  As previously 

mentioned, differences in forest structure between the ICH harvestable and non-harvestable 

landbases were few while structural differences between the ESSF harvestable and non-

harvestable landbases were greater (Huggard 2001).  These results suggest that the non-

harvestable landbase is doing a good job representing the harvestable landbase in the ICH 

ecosystem, but not in the two ESSF ecosystems.  However, results from the winter and spring 

bird sampling of 2003 suggest otherwise.  That is, structural differences in the ESSF ecosystems 

did not translate into strong differences in bird species diversity or density.  In the ICH 

ecosystem, where structural differences were less between the harvestable and non-harvestable 

landbase, there were 45% fewer bird detections in the ICH non-harvestable landbase.  

Therefore, we focused our winter 2004 research in the ICH ecosystem to further identify and 

quantify any systematic differences in the ability of the non-harvestable landbase to represent 

avian biodiversity found in the harvestable landbase. 

The second purpose of our winter bird research was to examine the diversity and density 

of non-migratory birds in partially harvested stands during winter.  This work is also a 

continuation of bird sampling initiated during winter 2003.  Managing forests to approximate 

natural disturbance regimes has been suggested as one strategy to maintain biodiversity in 

managed forests (Hansen et al. 1991, Bunnell 1995, Eng 1998).  The underlying assumption of 

this approach is that species are adapted to the spatial and temporal variation produced by the 

natural disturbance regimes associated with a particular ecosystem (Bunnell 1995, Hutto 1995).  

Therefore, it is assumed that if harvesting resembles patterns of natural disturbance the 

ecological processes, structural complexity, and biological diversity are more likely to be 

maintained (Eng 1998).  To approximate these processes innovative silvicultural practices (i.e., 

partial harvesting strategies) are increasingly being explored.  The wildlife benefits of 

maintaining stand-level structural diversity (mainly mature live 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 live 

trees, snags and CWD) may result at an earlier age in regenerating forests, increasing the 
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complexity of the habitat as compared to clearcut methods; the outcome may be the 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 on 

the landbase, it is not yet clear how the retention of mature live trees, snags, and CWD effects 

the short and long-term persistence and/or recolonization of forest-dependent species such as 

birds (Lehmkuhl et al. 1999, Noss 1999).  Therefore, we examined bird species diversity and 

density in 2 types of commonly prescribed partially harvested stands in the Arrow TSA: 

dispersed and aggregated retention.   

For both parts of the winter bird research (i.e. species-level test of the ecological 

representation and ecological function of partially harvested stands), non-migratory birds were 

selected as indicators for a few reasons.  Winter habitat conditions can be a major limitation for 

non-migratory birds (Desrochers et al. 1988, Newton 1994).  For example, parid survival during 

the winter can be limited by food availability (Brittingham and Temple 1988, Desrochers et al. 

1988, Lahti et al. 1998), bird habitat selection can be altered by severe winter weather (Wachob 

1996, Dolby and Grubb 2001), and higher predation risk during winter can result in fewer 

foraging opportunities and low winter body mass (Rogers 1987).   

The specific objectives of species-level test of ecological representation were:  

1. to examine the diversity of species between the harvestable and non-harvestable 

landbases in the ICH ecosystem during winter. 

2. to examine the overall density of birds between the harvestable and non-harvestable 

landbases in the ICH ecosystem during winter. 

3. to examine differences in the density of individual bird species between the harvestable 

and non-harvestable landbases in the ICH ecosystem during winter. 

The specific objectives for the partial harvesting study were: 

1. to examine the diversity of species between mature forest, dispersed, and aggregated 

retention stands in the ICH ecosystem during winter. 

2. to examine the overall density of birds between mature forest, dispersed, and aggregated 

retention stands in the ICH ecosystem during winter 

3. to examine differences in the density of individual bird species between mature forest, 

dispersed, and aggregated retention stands in the ICH ecosystem during winter. 
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3.2 Methods 
3.2.1 Study Site 

The Arrow TSA is located in the Selkirk Mountains near Castlegar, British Columbia 

(Latitude: 117°37’57”, Longitude: 49°17’47”).  The topography is steep, ranging from 500 to 2700 

m asl.  Mean temperatures are below 0ºC for 3 months and above 10ºC for 5 months of the 

year, and annual average precipitation is 758 mm (Environment Canada 1993).  Our study was 

located in the interior cedar-hemlock (ICH) Biogeoclimatic zone which ranged from 500 to 1700 

m asl (Pojar et al. 1987, Braumandl and Curran 1992).  The ICH is subdivided into the ICHmw 

(moist-warm)2 and the ICHdw (dry-warm) subzone variants (Braumandl and Curran 1992).  

Although interior Douglas-fir (Pseudotsuga menziesii glauca) was the most common tree 

species in the ICH, lodgepole pine (Pinus contorta latifolia), spruce (Picea glauca), western 

redcedar (Thuja plicata), western larch (Larix occidentalis), western hemlock (Tsuga 

heterophylla), western white pine (Pinus monticola), paper birch (Betula papyrifera), trembling 

aspen (Populus tremuloides), and black cottonwood (Populus balsamifera) were also locally 

abundant.  Climax stands throughout the ICH are composed primarily of western redcedar and 

western hemlock.  Average snow depths in the ICH during the study were 50 cm in 2003 and 62 

cm in 2004.   

Although previous work in the Arrow TSA has included GIS analyses, habitat structure 

sampling, and winter bird research from the ESSF Biogeoclimatic zone, this report describes our 

work in the “ICH ecosystem” only.  The ICH ecosystem is a subcomponent of the ICH 

biogeoclimatic zone and the detailed methods used to define this ecosystem type in the Arrow 

TSA can be found in Huggard (previously referred to as the “mesic-submesic ICH”; 2000a and 

2000b).  Generally, the ICH ecosystem was defined by grouping individual site series; site series 

are the finest level of mapped ecosystem units from British Columbia’s hierarchical 

Biogeoclimatic Ecosystem Classification (BEC) system (Pojar et al. 1987, Braumandl and 

Curran 1992).  The ICH ecosystem is composed of the ICHdw-01, ICHmw2-01, ICHmw2-03, 

and ICHmw2-04 site series. 

 

3.2.2 Study Design 

There were 2 primary aspects to our study design.  The first component of our research 

was designed to directly support a framework of ecological representation developed by David 

Huggard (2000a, 2000b, 2001) for the Arrow TSA.  The purpose of our research was to compare 

the diversity and density of non-migratory forest dependent birds between 2 landbase types in 

the ICH ecosystem.  We sampled birds in 12 mature forest stands in each of the harvestable 
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and non-harvestable landbases.  Stands were a minimum 30 ha in size.  All sampled stands 

were mature unharvested forest, with ages between 101-140 years.  Using a geographic 

information system (GIS), a pool of candidate stands fitting age, size, landbase, and ecosystem 

criteria were identified.  Stands greater than 1 km from vehicle access (truck or snowmobile) 

points were excluded from consideration giving us 98% coverage of the Arrow TSA.  Stands 

were randomly selected for sampling from the candidate pool.  

The second component of our research was designed to support the Arrow TSA 

framework of ecological representation by examining non-migratory birds in stands logged using 

2 common partial harvesting methods; dispersed and aggregated live tree retention.  Dispersed 

retention was defined as logged stands where the retained structure was approximately evenly 

distributed throughout the stand.  Patch-cuts are defined as logged stands where the structure 

was retained in aggregations or patches.  Partially harvested stands were logged between 1989 

and 1997, located in the ICH biogeoclimatic zone, and had an average of 13% basal area 

retention (range 5% to 25%).  Respectively, the average basal area for ICH harvestable, 

dispersed, and aggregated stands was 44.6 m2/ha, 5.2 m2/ha, and 4.5 m2/ha.  Methods and 

results used to describe habitat structure in partially harvested stands in the Arrow TSA can be 

found in Maxcy et al. (2002).  Given the limited number of stands in the Arrow TSA that were of 

appropriate age and size, virtually all of the identified partial retention stands were sampled.  

Partially harvested stands were a minimum 20 ha in size.  The diversity and density of winter 

birds in partially logged stands was compared to data collected from the ICH harvestable 

landbase.  Harvestable, non-harvestable, dispersed, and aggregated stands are hereafter 

referred to as experimental units. 

This study was conducted from January 12th and March 15th, 2003 and from February 4th 

and March 3rd, 2004.  We used unlimited-distance point counts (Reynolds et al. 1980) to 

measure non-migratory bird diversity and density.  The point count method was selected over 

the transect method to increase surveying precision during a time of year when birds are 

relatively quiet and transect sampling in steep hilly conditions is difficult (Reynolds et al. 1980, 

Rosenstock et al. 2002).  Four to 8 point counts were systematically spaced at 200-m intervals 

within each stand (Table 1).  To reduce the effect of proximity to other habitat types (e.g., 

clearcuts or different ecosystems), point count stations were a minimum 100 m from stand 

boundaries.   

Each stand was visited once in 2003 and once in 2004.  Surveys were conducted from 

one half-hour after sunrise to one half-hour before sunset.  To reduce sampling bias, 

ecosystems were systematically sampled across the duration of each field season and sampled 
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at alternating times of the day (i.e., morning and afternoon).  Sampling did not occur when winds 

exceeded 15 km/hr, when daytime temperatures were below -20°C, or during heavy snowfall.   

 

Table 4.  Number of replicates (stands) sampled and mean # of point count stations per stand in 
the Arrow TSA during winter. 
Experimental unit Replicates 2003 Mean # point 

counts/stand 
2004 Mean # point 
counts/stand 

Harvestable 12 7.5 7.5 
Non-harvestable 12 6.7 7.8 
Dispersed retention 10 6.0 6.1 
Aggregated retention 10 5.3 5.5 

 

We recorded snow depth and geographic coordinates at each point-count station.  Point 

counts were started one minute after observers arrived at the station and surveyed for 10 

continuous minutes.  Data collected for birds included: time of detection (seconds), species, 

horizontal distance from the point-count station, detection method (e.g., visual or auditory), 

number of birds per flock, and whether the animal was within the stand boundary.  The vertical 

stand boundary was defined as less than 10 m above tree tops.  Birds were only recorded a 

single time at every point-count station and only once at every stand when observers were 

confident 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. 

 

3.2.3 Analyses 

Species richness was calculated as the number of species detected in each stand.  To 

standardize for sampling effort, species richness was calculated using 10 stands from each 

experimental unit and only the first 5 point counts from each stand.  We only analyzed data on 

species that had ≥ 5 observations in the study and that were detected in 2 or more stands within 

a single field season.   

Bird abundance was corrected for the detection sampling bias that is often associated 

with different habitat types (Reynolds et al. 1980, Buckland et al. 2001).  Because there was too 

little data for individual species, we estimated detection functions for each experimental unit 

using 2 species groups.  Chickadees, golden-crowned kinglets, and brown creepers were the 

quietest species in our study and we treated them as a single species group.  Similarly, all other 

species were assumed to have comparable detection probabilities and we treated them as a 

second species group.  Detection functions were calculated for each ecosystem using the 
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program DISTANCE (http://www.ruwpa.st-and.ac.uk/distance).  Detection functions were 

calculated using a half-normal model with no adjustment parameters and by excluding the 

furthest 10% of observations (Buckland et al. 2001).  Density for experimental units and for 

species was calculated as a mean of all sampled stands in each experimental unit.   

Species density between experimental units was compared using 95 % confidence 

intervals (95% CI).  We only examined individual species that had >20 observations in at least 

one experimental unit in a single year.  The calculation of density for individual species was 

corrected for a zero-inflated distribution using a log transformation (log (x+1); Krebs 1989).  

Means and 95% CI’s were converted back to the original scale following (Krebs 1989).  Birds 

detected outside stand boundaries were excluded from all analyses. 

 

3.3 Results 
We detected a total of 28 species in 2003 and 26 species in 2004.  In 2003, pine siskins 

and red-breasted nuthatches were the most commonly detected species in the ICH.  In 2004, 

pine siskins were completely absent from the study area and red-breasted nuthatches, common 

ravens, and black-capped chickadees were most commonly detected.   

 

3.3.1 Harvestable - Non-harvestable ICH  

 Total species richness and mean number of species detected varied little between years 

or landbase types (Figure 5A).  An average of 17 species were detected in each treatment and 

4.4 species in each stand.   

 From 2003 to 2004, the overall the density of birds in the ICH ecosystem declined by 

60% from an average 76.1 per 10ha to 30.5 per 10ha.  Excluding pine siskins, the 4 most 

commonly detected species during winter 2003 declined by an average 58% in 2004.  Within 

years, bird density was 45% higher in the harvestable than non-harvestable landbase in 2003 

and 19% higher in 2004 (Figure 5B).   
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Figure 5.  A. Total and mean (± 95% CI) number of non-migratory bird species detected and B. 
mean density (± 95% CI) of birds detected in the harvestable and non-harvestable ICH 
landbases in the Arrow TSA during the winter of 2003 and 2004. 
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We examined 8 species and 1 species group (woodpeckers) for differences in density 

between landbase types (Figure 6).  Four species (Figure 6A, B, D, and F) had a consistently 

higher density in the harvestable landbase while 2 species (Figure 6E and H) had a consistently 

higher density in the non-harvestable landbase.  Of the 4 species more common in the 

harvestable landbase, the common raven had an average 125% higher density and the golden-

crowned kinglet had an average 199% higher density.  Of the 2 species most common in the 

non-harvestable landbase, the red-breasted nuthatch, the most common species in our study, 

had a 104% higher density in the non-harvestable landbase.  In 2003, pine siskins had a 111% 

higher density in the harvestable landbase.  However, they were not detected in the ICH in 

2004.  Finally, black-capped chickadees and red crossbills showed inconsistent patterns 

between landbase types.   
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Figure 6.  Density of common non-migratory species in the harvestable and non-harvestable 
landbase types in Arrow TSA during the winter of 2003 and 2004.  Only species with >20 
observations in at least one landbase are shown.   
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Figure 6 continued.  Density of common non-migratory species in the harvestable and non-
harvestable landbase types in Arrow TSA during the winter of 2003 and 2004.  Only species with 
>20 observations in at least one landbase are shown.   

 
3.3.2 Partial Harvesting 

In both years of this study, total species richness and mean number of species detected 

per stand was highest in the mature unharvested ICH and lowest in the aggregated treatment 

(Figure 7A).  A total of 17 species were detected in the mature ICH, 13 in the dispersed 

treatment, and 10 in the aggregated treatment. 

Bird density was consistently highest in the mature ICH (Figure 7B).  Combining years, 

the mature ICH had approximately 2 times more birds than the dispersed treatment and 4 times 

more birds than the aggregated treatment.  The dispersed treatment had an average 66% more 

birds than the aggregated treatment.  Although the patterns within years were consistent, the 

magnitude of the differences between experimental units was highest in 2004.  In 2004, density 
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in mature ICH was 2.5 times higher than the dispersed treatment and almost 6 times higher than 

the aggregated treatment. 
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Figure 7.  A. Total and mean (± 95% CI) number of non-migratory bird species detected and B. 
mean density (± 95% CI) of birds detected in the harvestable, dispersed, and aggregated ICH 
treatments in the Arrow TSA during the winter of 2003 and 2004. 
 
 

We examined 4 species and 2 species groups (woodpecker and chickadees) for 

differences between the mature ICH, dispersed, and aggregated treatments (Figure 8).  Similar 

to overall density, the density of woodpeckers and chickadees was consistently highest in the 

mature ICH and lowest in the aggregated treatment (Figure 8A and B).  Chickadees showed the 

greatest difference in density between treatments and were, respectively, 2.6 and 16.5 times 
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more common in the mature ICH than the dispersed and aggregated treatments.  Red-breasted 

nuthatches in both years, and red crossbills and pine siskins in 2003 also declined in density 

from a high in the mature ICH to a low in the aggregated treatment (Figure 8C and F); the 

density of red crossbills and pine siskins in 2004 was too low for any meaningful interpretation.  

With the possible exception of golden-crowned kinglets (Figure 8D), no species or group of 

species was consistently more common in the aggregated than dispersed treatment.   

0

2

4

6

8

10

12

14

16

18

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

Harvestable
Dispersed
Aggregated

D
en

si
ty

 (1
0 

ha
)

0

1

2

3

4

5 C. Red-breasted Nuthatch

Terrestrial 
Riparian

D
en

si
ty

 (1
0 

ha
)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5 A. Woodpeckers

2003 2004

D
en

si
ty

 (1
0 

ha
)

0

1

2

3

4

5

6 E. Red Crossbill

B. Chickadees

2003 2004
0

20

40

60

80 F. Pine Siskin

D. Golden-crowned Kinglet

No detections
in 2004

 
Figure 8.  Density of common non-migratory species in the harvestable, dispersed, and 
aggregated treatments in Arrow TSA during the winter of 2003 and 2004.  Only species with >20 
observations in at least one landbase are shown.   
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3.4 Discussion  
3.4.1 Harvestable - Non-harvestable ICH  

The third objective of this study was to use the diversity and density of non-migratory 

birds during winter to assess differences between the harvestable and non-harvestable 

landbase in the ICH ecosystem.  Results from winter bird sampling in 2003 indicated that 

species diversity was similar but that the density of birds in the harvestable ICH was 45% higher 

than in the non-harvestable ICH.  However, in the winter of 2004 this difference decreased to 

19%.  We also found an average decline of 60% in bird density from winter 2003 to winter 2004. 

The change in the magnitude of the difference between years and the overall decline in 

density from 2003 to 2004 can largely be attributed to the reduction in the density of several of 

the most common species and the absence of pine siskins in 2004.  Black-capped chickadees, 

red-breasted nuthatches, golden-crowned kinglets, and red crossbills declined by an average 

58% from 2003 to 2004.  In addition, pine siskins had the highest density of all species 

measured in 2003 and were completely absent from the study site in 2004.  The reason that the 

density of these species declined is not clear but is likely a result of mortality or emigration.  For 

example, during winter, red-breasted nuthatches will remain in higher elevation montane forests 

when conifer seed production is high rather than migrate to low elevation forests to overwinter 

(Ghalambor and Martin 1999).  Unfortunately, we were unable to survey the harvestable and 

non-harvestable landbases in the 2 largest ESSF ecosystems and, as a result, cannot exclude 

the possibility that red-breasted nuthatches (and perhaps other species as well) were more 

common in the ESSF during 2004 compared to 2003.  The patterns that we observed were 

unlikely caused by changes to our ability to detect birds from 2003 to 2004.  The fact that pine 

siskins were completely absent from the study site in 2004 suggests that some larger ecological 

process was responsible for the changes in densities that we observed.    

In both 2003 and 2004, golden-crowned kinglets had a higher density in the harvestable 

than non-harvestable landbase.  As described in section 2.4 of this report, this species prefers 

humid, closed canopy conifer forest during winter.  In contrast, the red-breasted nuthatch had a 

higher density in the non-harvestable than harvestable landbase during both years of our study.  

In British Columbia, the red-breasted nuthatch depends on cone-producing trees such as spruce 

and fir for winter food and, thus, overwinter survival (Ghalambor and Martin 1999).  The 

consistently high density of red-breasted nuthatches in the non-harvestable landbase suggests 

that the non-harvestable landbase produces more Douglas-fir seed than the harvestable 

landbase.  The difference in the density of these 2 species between landbases may indicate 

slight differences in habitat suitability or capability.    
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 Generally, results from winter bird sampling in 2004 indicate that the non-harvestable 

landbase is doing a better of representing the harvestable landbase with respect to winter 

resident birds, compared to winter 2003.  However, the difference in the density of a few species 

(e.g. red-breasted nuthatch, golden-crowned kinglet) suggests that the ICH non-harvestable 

landbase should not be counted on to completely “represent” avian biodiversity in the 

harvestable landbase.  Partially constrained areas in harvestable ICH can provide a mechanism 

for increasing mature stand characteristics in this landbase type. 

 

3.4.2 Partial Harvesting 

The fourth objective of this study was to determine the short-term effectiveness of partial 

harvesting to mitigate some of the effects of clearcutting on non-migratory birds in ICH 

ecosystems.  In both 2003 and 2004, species richness was highest in mature stands followed by 

dispersed retention, and aggregated retention sites; overall bird density followed a similar 

pattern.  For woodpecker species, chickadee species, and the golden-crowned kinglet, mature 

forested stands supported substantially higher densities compared to dispersed and aggregated 

stands.  And for all individual species analyzed with the possible exception of the golden-

crowned kinglet, dispersed stands support greater densities of winter birds compared to the 

aggregated patch stands.  Generally, results indicate mature forested stands provide the highest 

quality habitat for winter resident birds.  Given that most non-migratory birds species are 

typically associated with forest structure such as live trees and snags, this result is not 

surprising.  It is somewhat surprising that dispersed retention stands appear to provide more 

effective habitat compared to aggregated stands in the winter with results consistent in the two 

years of study.   

Several authors have concluded that aggregated retention is better at “life-boating” 

species than dispersed retention (Schieck et al. 2000, 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 
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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, stands with dispersed retention had more woodpecker and chickadee species.  One 

possible explanation is that higher levels of individual tree productivity (due to increased light 

levels) likely occurs in dispersed treatments, which may provide additional foraging resources for 

some of these species.  Another possible explanation is that the birds may be limited in their 

gap-crossing ability, particularly in the winter because of birds’ thermal cover requirements.  

Many forest-dwelling birds, including some woodpecker species are less likely to cross openings 

as the opening size increases (Desrochers and Hannon 1997, Belisle and Desrochers 2002, 

Robichaud et al. 2002) thus possibly restricting their use of aggregated patches.  Bird thermal 

requirements in winter may explain discrepancies between this study and others that have found 

higher bird densities in aggregated stands compared to dispersed (e.g. Chambers et al. 1999, 

Schieck et al. 2000).  All previous research examining the effectiveness of partially harvested 

stands in maintaining forest-dwelling birds have been conducted during the breeding season 

when birds are not as physiologically restricted by harsh winter weather. 

Results from 2003 indicated that partially harvested stands were better than clearcut 

stands at providing habitat for winter resident birds (Serrouya et al. 2003).  Thus, partially 

harvested treatments were likely serving at least one intended function – ensuring the continued 

use of harvested stands by forest-dependent species.  And consistent with last years results in 

the ICH ecosystem dispersed stands supported higher densities of winter resident birds than 

aggregated stands.  However, regardless of harvesting strategy, mature forested stands still 

supported the highest density of birds.  In the boreal forests of Alberta, Tittler et al. (2001) found 

that most bird species benefited from the retention of residual trees in cutblocks; however, the 

authors also concluded that unharvested forest areas were a necessary component of 

maintaining bird communities in a matrix of forest harvesting.  Similarly, in the Arrow Lakes TSA, 

winter resident birds will use partially harvested stands but mature forests are still of critical 

importance. 
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4 MANAGEMENT RECOMMENDATIONS 

4.1 Ecological Representation in the Arrow TSA 
The benefits of this research towards improving sustainable forest management are 

clear.  This research enables managers to quantify the contribution that the non-harvestable 

landbase is making towards achieving the goals of the Sustainable Forest Management 

Framework for the Arrow TSA.  More generally, the knowledge collected from this research 

broadly contributes to sustainable forest management practices by enhancing our understanding 

of ecological representation using non-harvestable portions of the landbase.  

Overall, our results increase confidence that the non-harvestable landbase is making a 

significant contribution to maintaining avian biodiversity in the Arrow TSA.  Based on previous 

research examining forest structure in the Arrow TSA (Huggard 2001), we expected that bird 

diversity and density in the two largest ESSF ecosystems would be lower in the non-harvestable 

than harvestable landbase.  Similarly, we expected little difference in bird diversity or density 

between the harvestable and non-harvestable landbases in the ICH ecosystem.  However, the 

harvestable and non-harvestable ESSF landbases showed little difference in either bird diversity 

or density during the breeding season and winter.  And, although the bird communities are 

substantially similar, the largest differences in diversity and density occurred between the 

harvestable and non-harvestable ICH landbases.  As a result, the non-harvestable landbase in 

ESSF ecosystems appears to be doing a better job at representing avian biodiversity than is the 

non-harvestable in the ICH ecosystem.   

In at least some years, low elevation ecosystems such as the ICH are disproportionately 

important winter habitat for non-migratory birds (Herbers et al. in review).  Our data show that 

the harvestable landbase in the ICH ecosystem is supporting significantly higher densities of 

chestnut-backed chickadees and golden-crowned kinglets than in the non-harvestable landbase.  

The difference in the density of these species between the ICH harvestable and non-harvestable 

landbases are likely indicating differences in forest structure.  For example, chestnut-backed 

chickadees and golden-crowned kinglets prefer moist forest habitat dominated by cedar, 

hemlock, and spruce (Campbell et al. 1997).  As a result, stands dominated by these tree 

species may be more common in the ICH harvestable landbase than non-harvestable landbase.  

Managing for the habitat of birds that are significantly more common in the ICH harvestable than 

non-harvestable landbase should be considered a priority. 

 The pileated woodpecker, chestnut-back chickadee, brown creeper, and golden-crowned 

kinglet are non-migratory species that depend on mature and old forests in the Arrow TSA for 

year-round survival.  These 4 species are also more common in the harvestable than non-
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harvestable landbase of the ICH ecosystem.  As a result, these species are likely to be most 

sensitive to forest practices in the harvestable ICH.  Overall, they are good candidates for a 

long-term monitoring program designed to assess the effects of logging practices in the 

harvestable landbase. 

Despite our findings, the large differences in stand structure between the harvestable and 

non-harvestable in the ESSF ecosystem, reported in Huggard (2001), should not be ignored.  

We are gaining confidence that differences in stand structure are not having a large effect on 

bird diversity or density.  However, birds are only one small component of biological diversity in 

the Arrow TSA.  Future work should include sampling a broader range of species in the 

harvestable and non-harvestable landbases of the ICH and ESSF ecosystems.   

 
4.2 Partial Harvesting in the Arrow TSA 

Partially harvested stands, and in particular dispersed live tree retention, can play a 

significant role in managing for mature forest attributes and the bird species that depend on 

those attributes.  Many bird species, including woodpeckers and chickadees, are using partially 

harvested stands during winter.  Although partially harvested stands consistently have fewer 

birds than unharvested stands, they can be a useful tool for achieving sustainable forest 

management.   

As they age, partially harvested stands will become more effective at meeting the 

requirements of breeding and winter birds that depend on mature forest structure.  For example, 

(Imbeau et al. 1999) found bird communities began to converge 30 years post-disturbance 

between fire created and logged stands in black spruce forests of eastern North America.  

Further, bird communities in these stands also became more similar to mature forest.  While the 

time scale may be different compared to the ICH ecosystem in our study, residual retention in 

harvested stands will increase the habitat heterogeneity of the forest as it grows, providing old 

growth-like characteristics in second-growth stands.  This will almost certainly enhance the 

quality of this habitat for most forest-dwelling species earlier than typical second-growth stands.  

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 a typical harvesting 

rotation.   
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7 APPENDIX 1 

 This appendix shows results from winter 2003 non-migratory bird sampling on the Arrow 

TSA.  These results are directly comparable to the results from spring bird sampling.   
 

Table A1.  Percent community similarity (%) between 6 experimental units during the winter of 
2003.  This table is directly comparable to Table 3. 

Experimental unit ICH 
harvestable 

ICH non-
harvestable 

ESSFwc1 
harvestable. 

ESSFwc1 
non-
harvestable 

ESSFwc4 
harvestable 

ICH non-harvestable 60.0     
ESSFwc1 harvestable 35.6 43.3    
ESSFwc1 non-harvestable 25.1 33.5 79.6   
ESSFwc4 harvestable 16.8 29.4 53.4 61.2  
ESSFwc4 non-harvestable 23.0 35.7 58.3 63.4 80.2 
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Figure A1.  A. Total and mean (± 95% CI) number of non-migratory bird species detected and 
B. mean density (± 95% CI) of birds detected in the harvestable and non-harvestable landbases 
in the Arrow TSA during the winter of 2003.  The diversity and density of non-migratory birds in 
the ICH during 2004 are also shown for comparison.   
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Figure A2.  Relative abundance (%) of non-migratory bird species in 6 experimental units during 
the winter of 2003.  Relative abundance sum to 100% for individual species.  This figure is 
directly comparable to Figure 2 in the body of this report. 
 


