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Executive Summary  
 
Slocan Forest Products Ltd. (Plateau Division) expressed a need to identify potential 
forest-dwelling vertebrates that could be used as monitoring indicators to support 
Sustainable Forest Management Plan (SFMP) initiatives throughout the Prince George 
Timber Supply Area.  The occurrence of forest-dwelling vertebrates was identified for 
the Prince George Timber Supply Area (PGTSA) and the distribution, relative 
abundance, seasonal use and habitat affinities were identified at the biogeoclimatic 
subzone level (SBSmc3, SBSdk, SBSdw3, SBSmc2 and ESSFmv1) within the 
Vanderhoof Forest District (VFD).   
 
Based on the initial literature review, a total of 234 vertebrate species potentially occur 
within the Prince George TSA, of which 184 are closely associated with at least one of 
the six identified primary structural elements associated with forests, and therefore 
considered forest-dwelling.  Of the 184 forest-dwelling vertebrates potentially occurring 
in the PGTSA, 173 potentially occur in the VFD.  Of these, 11 species were excluded 
from the ranking as they were considered very rare and/or had no confirmed reports of 
breeding or wintering in the area, which reduced the list to 162 potential candidate 
indicator species. 
 
A screening procedure was used to select forest-dwelling vertebrates according to their 
utility as potential monitoring indicator species.  A total of 107 species were considered 
to have a strong association with at least one of the six identified primary structural 
elements and a moderate (55 species), high (39 species) or very high (13 species) 
sensitivity to forest management practices.  Most of these species were closely associated 
with late seral forests (65 species), dead and dying trees (40 species) as well as riparian 
habitats (79 species).  An intermediate number of species (16-30) are closely associated 
with shrubs, early seral and deciduous trees and a small number (6) of species are closely 
associated with downed wood . 
 
A second screening was completed to eliminate species that were considered not to be 
cost effective for monitoring.  Within the VFD a total of 89 species (out of 107) were 
retained based on their sensitivity to forest practices and relative cost-effectiveness.  A 
third screening was then completed to eliminate species that would be difficult to 
measure and/or provide unreliable results. Species that were eliminated in the third 
screening include species present in low and/or variable numbers within the VFD, bats, 
species with confounding factors, and species with irregular distribution and local 
abundance in relation to conifer cone crops. This screening resulted in a total of 54 
candidate species. 
 
Most of the potential candidates are birds and represent many of the species identified in 
the cavity-nesting community in the Cariboo-Chilcotin.  The rationale for species 
elimination or inclusion is briefly discussed including limitations of the proposed 
indicators.  
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1.0 Introduction 
 
Slocan Forest Products Ltd. (Plateau Division) has expressed a need to identify potential 
forest-dwelling vertebrates that could be used as monitoring indicators to support 
Sustainable Forest Management Plan (SFMP) initiatives in the Vanderhoof Forest 
District, as well as the Prince George Timber Supply Area (PGTSA).  This report 
provides data on the distribution, presence and habitat affinities of forest-dwelling 
vertebrates to support the screening procedure used to select forest-dwelling vertebrates 
according to their utility as potential monitoring indicator species.  
 
 
1.1 Background & Objectives 
 
The conservation of biological diversity is one of the key criteria for sustainable forest 
management identified by the Canadian Council of Forest Ministers (CCFM).  As a 
priority planning issue in British Columbia, biodiversity conservation will largely be 
addressed as part of the Sustainable Forest Management (SFM) planning process.  
 
In order to meet Sustainable Forest Management (SFM) objectives, Slocan has developed 
a Sustainability Project framework for all operations that includes the development of 
Criteria & Indicators.  The primary purpose of using criteria and indicators is to clearly 
define results-based management objectives (criteria) and determine whether or not these 
objectives are being achieved (indicators).  Criteria and indicators provide a 
comprehensive set of targets for SFM that are applied within an adaptive management 
framework not only during decision-support planning but also ongoing monitoring 
initiatives.  
 
Slocan proposes to adopt the Criteria & Indicator approach developed for the Arrow 
Innovative Forest Practices Agreement (IFPA). Consistent with the CCFM protocol, one 
of the primary criteria identified to maintain ecological values is to sustain biological 
richness (Criteria 1).  The Arrow SFM identified two coarse filter and one fine filter 
indicator to assess Criteria 1. Indicator 1 attempts to ensure that ecological units are well 
represented in an unmanaged state to sustain lesser known species and ecological 
functions (i.e., representation). Indicator 2 is designed to maintain the amount, 
distribution and heterogeneity of habitat elements and landscape structure to sustain 
biological richness.  This indicator implicitly assumes a relationship between various 
structural components of the forest and biological richness. The six primary structural 
elements identified by Bunnell et al. (1999) include: 
 

1) Shrubs 
2) Seral stage (early, mid and old seral forests) 
3) Downed Wood 
4) Dead and Dying Wood 
5) Hardwoods (deciduous trees) 
6) Riparian 
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Indicator 3 is s fine filter indicator designed to test the assumptions of structural 
Indicators 1 and 2 (i.e., does sustaining specific ecosystem types including their structural 
elements maintain populations of specific species?).  Specifically, Indicator 3 addresses 
the concern to maintain well-distributed and productive populations of selected plant or 
animal species or guild of species throughout the range of their habitat.  
Because monitoring all plant and animal species is clearly not feasible, a subset of species 
must be chosen that adequately represent the full range of biological richness as it relates 
to Indicators 1 and 2.  
 
As such the primary objectives of this study are: 
 

• to review the information on species-habitat associations for the Arrow TSA and 
modify as appropriate for the Vanderhoof Forest District.   

• to review all existing information produced in BC, specifically fore the PGTSA 
or areas surrounding or adjacent to the Vanderhoof Forest District. 

• to develop a scientifically defensible list of potential forest dwelling vertebrate  
indicators that occur in the Vanderhoof Forest District (Indicator 3). 

• to further refine the list of potential indicators so that these are scientifically 
defensible, specific and measurable, and feasible to measure for monitoring 
purposes.  

 
 

2.0 Description of Study Area 
 
2.1 Prince George Timber Supply Area 
 
The Prince George Timber Supply Area (PGTSA) consists of the Prince George, 
Vanderhoof and Fort St. James Forest Districts, which comprise a combined area of about 
7.5 million hectares, of which approximately 71% is productive Crown forest, and about 
45% is considered available for timber harvesting (MOF 2001). 
 
The PGTSA is topographically diverse, yet predominantly represented by relatively flat 
to gently rolling terrain in the central and southern portions, with more mountainous 
terrain restricted to the northeast, northwest, and southeast periphery.  Within the land 
base currently considered available for harvesting, lodgepole pine stands comprise 
approximately 51% of the area, spruce 29%, subalpine fir 19%, and Douglas-fir 1%. 
 
The five biogeoclimatic zones and 22 subzones and subzone variants that occur within 
the PGTSA (Figure 1) reflect the diversity and variation of climate and vegetation within 
the area.   
 
The Sub-Boreal Spruce (SBS) zone is the dominant zone, extending over most of the 
TSA.  The climate is characterized by severe, snowy winters and relatively warm, moist 
and short summers.  Hybrid spruce and subalpine fir are the dominant climax species.  
Lodgepole pine, aspen and birch are the dominant seral species.  Douglas-fir is a long-
lived species primarily occurring on dry, warm sites in the southern part of the TSA.   
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Figure 1.  Biogeoclimatic representation within the Prince George TSA. 

 
The Sub-Boreal Pine-Spruce (SBPS) zone has a very limited occurrence in the southern 
part of the TSA, at elevations below the SBS.  The climate is characterized by cold, dry 
winters and cool, dry summers.  Lodgepole pine is the dominant tree species.  Douglas-
fir, hybrid spruce, and trembling aspen are common. 
 
The Interior Cedar-Hemlock (ICH) zone is restricted in occurrence to a relatively small 
area along the Fraser River in the eastern portion of the TSA.  The climate is 
characterized by cool, wet winters and warm, dry summers.  Western redcedar and 
western hemlock are the dominant tree species.  Hybrid spruce, lodgepole pine and 
subalpine fir are common. 
 
The Engelmann Spruce-Subalpine Fir (ESSF) zone occurs at subalpine elevations 
throughout the area, although uncommon in the interior of the TSA.  The ESSF has a 
relatively cold, moist and snowy continental climate.  Engelmann spruce and subalpine 
fir are the dominant tree species.  
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The Alpine Tundra (AT) zone occurs at high elevations throughout the province  and 
comprises approximately 10% of the TSA area.  This zone occurs at the highest 
elevations and, by definition, lacks trees.  AT is not found within the VFD. 
 
 
2.2 Vanderhoof Forest District 
 
 
The core study area for which a scientifically defensible list of suitable forest dwelling 
vertebrate indicators has been developed is defined as the Vanderhoof Forest District 
(VFD).  This large geographic area (~ 1.38 million ha) is represented by 4 Ecosections 
(Nazko Upland, Bulkley Basin, Nechako Lowland, Babine Upland) and 3 biogeoclimatic 
zones (Sub-Boreal Spruce (SBS), Sub-Boreal Pine-Spruce (SBPS), Engelmann Spruce – 
Subalpine Fir)) comprised of 9 subzones/variants.  
  
Within the VFD, forested exclusions represent approximately 27% of the land base and 
are comprised of new protected areas (6.9%), riparian reserve zones, wildlife tree 
patches, non-commercial brush, inoperable areas, environmentally sensitive areas, 
problem forest types and low productivity forest types. 
 
The VFD is comprised of three biogeoclimatic zones (SBS, SBPS, ESSF) comprised of 9 
subzones/variants.  However, only five are present in amounts greater than 150,000 ha, 
including the SBSmc3, SBSdk, SBSdw3, SBSmc2 and ESSFmv1, in declining order of 
abundance (Figure 2).   
 
 

Figure 2.  Biogeoclimatic zone representation within the Vanderhoof Forest District.  
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The SBS and SBPS subzones are characterized by ecosystems with frequent stand 
initiating events (Natural Disturbance Type (NDT) 3) whereas the predominant ESSF 
subzone variant ecosystems are characterized by infrequent stand maintaining fires (NDT 
2).  The NDT 3 occurs throughout lower elevation areas and the NDT 1 and NDT 2 occur 
in the ESSF subzones at higher elevations.  The implications of the large proportion of 
NDT 3 for sustainable forest management planning and monitoring are largely associated 
with the cutting pattern, seral stage, patch size distribution and landscape connectivity. 
 
The climax forests of the SBS are dominated by interior spruce (Picea glauca x 
engelamanii) and subalpine fir (Abies lasiocarpa), however, lodgepole pine (Pinus 
contorta) is common on sites that have regenerated following wildfire. Paper birch 
(Betula papyrifera) also occurs as an early seral species often on moist, rich sites. 
Douglas-fir (Pseudotsuga menziesii) is usually a long-lived seral species in the SBS, 
occurring abundantly on dry, warm, rich sites and as a small component of many mesic 
forests. Black spruce also occurs occasionally in climax upland forest. The shrub layer is 
moderately developed with species such as black huckleberry (Vaccinium 
membranaceum), thimbleberry (Rubus parviflorus), highbush cranberry (Viburnum 
edule), and Sitka alder (Alnus crispa ssp. sinuata). Advance regeneration of subalpine fir 
and some spruce is common (Meidinger and Pojar 1991). 
 
The SBPS are characterized by forests dominated by even-aged lodgepole pine and a 
poorly developed (low cover) shrub layer. Common shrubs include common juniper 
(Juniperus communis), soopolallie (Shepherdia canadensis), prickly rose (Rosa 
acicularis) and kinnikinnick (Arctostaphylus uva-ursi). Scattered aspen (Populus 
tremuloides) trees and small aspen stands occur sporadically. In the very dry SBPS 
subzones (e.g., SBPSxc) Cladonia lichens are abundant but moss cover is sparse (Steen 
and Coupé 1997). Wetter sites occur but are small and localized often forming fringes 
around wetlands. White spruce (Picea glauca) and other shrub species dominate 
including scrub birch (Betula glandulosa) and black twinberry (Lonicera involucrata).  
 
The ESSF forests comprise approximately 12% the VFD and are primarily represented by 
a single subzone variant (ESSFmv1).   The ESSFmv1 is the coldest unit in the VFD 
(Delong et al. 1993).  Climax forests are dominated by interior spruce and subalpine fir.  
Black spruce (Picea mariana) occurs in wetlands as well as upland sites on poor soils.  
Black huckleberry (Vaccinium membranaceum) and white-flowered rhododendron 
(Rhododendron albiflorum) are typically dominant in a well developed shrub layer.  
 
 
3.0 Methods 
 
3.1 Review of Existing Information and Development of Database – Forest Dwelling 
Vertebrates 
 
The intent of the initial data review was to identify the full range of vertebrate species 
that could be considered forest-dwelling.  Defining forest-dwelling is problematic partly 
because many species show considerable flexibility in habitat use (Bunnell 1999).  For 
the purposes of this study, we considered a species forest-dwelling if it required any of 
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the six forest structural elements to meet key life requisites (breeding, nesting, denning, 
feeding) within context of a broad forested landscape. 
 
A database containing the occurrence and habitat associations of forest-dwelling 
vertebrates by biogeoclimatic subzone was developed using a two-step process. First we 
compiled a comprehensive list of potentially occurring vertebrate species based on data at 
the biogeoclimatic subzone level from a provincial database compiled by Stevens (1995).  
We then refined this data using species range distribution maps (Campbell et al.1990; 
vol. 1 & 2, Campbell et al. 1997, Campbell et al. 2001, Green and Campbell 1984, 
Gregory and Campbell 1984, Eder and Pattie 2001, Nagorsen and Brigham 1993, 
Nagorsen 1996).   
 
Lists identifying habitat and structural affinities for forest-dwelling vertebrates occurring 
in the Arrow TSA (Houde and Paczek 2002), the Cariboo Region (Triton 2003), the 
Robson Valley TSA (Triton 2003), and the Prince Rupert Forest Region (Radcliffe et al. 
1994) were consulted to confirm species occurrence and habitat affinities where there is 
overlap in biogeoclimatic subzones.  Several directly relevant studies conducted within 
the PGTSA and VFD (Psyllakis and Martin 1996, Handler and Psyllakis 1997, Phinney 
and Lance 1998, IFS 1997, D’Arcy and Stork 1998, Buckland and Martin 1998, Keisker 
2000) were consulted to further refine species distribution and habitat affinities within the 
PGTSA and habitat affinity at the biogeoclimatic subzone level for relevant subzones 
(SBSdk, SBSmc2, SBPS, ESSFwv).   
 
Based on the strength of supporting literature references, a final pass was made to 
confirm species dependence on one or more of the six primary structural elements to 
meet a critical life requisite considered to be limiting (reproduction, feeding).   
 
 
3.2 Indicator Selection Process – Forest-Dwelling Vertebrates 
 
Once the existing information was compiled and synthesized we screened potential 
indicators according to the methods outlined in the Arrow IFPA (Bunnell 2000, Houde 
and Paczek 2002).  Established ecological criteria were used to avoid selecting species 
that would be inappropriate indicators (Lindenmayer 1999).  The results of scientifically 
sound studies were used to evaluate whether a species dependence on one or more of the 
primary structural elements would affect species abundance.  In this context, Landres et 
al. (1988) emphasized that sensitivity to changes in habitat attributes must be related by 
cause and effect, and not merely by correlation.  The potential for confounding factors 
such as disease, predation, inter-specific competition, hunting and trapping to affect the 
relative abundance was considered in assessing the sensitivity and reliability for potential 
indicator species .   
 
We assessed the relative sensitivity of each species by first reviewing local studies and 
relevant published literature. Most of the studies reviewed were conducted either locally 
(PGTSA) or in other areas with common biogeoclimatic subzones, however, where 
necessary we also consulted literature published in the Pacific Northwest and Alberta.  
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Overall, we attempted to provide a scientifically defensible result that is both repeatable 
and transparent. Specifically, we screened species indicators that were: 
 

 Sensitive to changes in landscape and stand-level attributes due to forestry 
practices – Does the species respond positively or negatively to changes in forest 
conditions (i.e., seral stage, stand structure)? 

 
Although we mainly focused on species habitat requirements to assess sensitivity, we also 
considered the degree of threat posed to each species given its dependence on each 
structural element in context of current forest practices. Specifically, we assumed within 
NDT 3 subzones, most lodgepole pine-dominated forests are being harvested using 
clearcut harvesting methods with wildlife tree retention as directed by the Landscape Unit 
Planning Guide and the Results-Based Forest Practices Code.  In contrast, selection 
silvicultural systems (single and group) are used to manage forests within NDT 1 and 2 
(ESSF) to meet both timber and wildlife management objectives, particularly for caribou.  
In addition to silvicultural systems, sensitivity to other forest practices such as herbicide 
spraying, juvenile spacing, commercial thinning were also considered if information was 
available.  
 
Overall, species were rated highly sensitive if there was empirical evidence that the 
species responded positively or negatively to changes in the abundance of at least one 
structural component (e.g., snags, CWD, late seral forest). Species that depend on more 
than one attribute are vulnerable to cumulative impacts, which increase their sensitivity to 
changes in stand attributes. Species that had limited information on the effects of forest 
practices were assessed using life history traits and professional judgement according to 
their potential sensitivity. Species with broad habitat requirements that would be 
relatively unaffected by changes in seral stage or forest attributes were considered 
generalists. 

 
 Habitat requirements well known – Is there sufficient supporting evidence to 

demonstrate clear preference or dependence on a given habitat or habitat feature?  
 
A detailed knowledge of a species behavior, life history, and habitat requirements is 
needed to demonstrate a clear cause and effect linkage between relative abundance and 
habitat change.  Most recent studies are designed to demonstrate statistically significant 
species-habitat associations. 

 
 Measurable and Reliable – Can the indicator species be easily and reliably counted 

using standard inventory procedures and provide accurate and reliable information on 
population status and trends? 
 
Studies that have utilized standardized inventory methods to estimate relative abundance 
typically provide measures of reliability and statistical rigour.  Relative abundance 
estimates are more reliable when they are not influenced by other factors such as 
predator-prey interactions, inter-specific competition, hunting or trapping.  
 
Common resident species that utilize local habitats on an annual basis may provide more 
reliable estimates of relative abundance compared to seasonal migrants (e.g., neotropical 
migrants).  Populations that are relatively stable and have lower annual or seasonal 
variation are more reliable than highly cyclic populations.  
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 Cost-effective – Can the absolute or relative abundance of the species or species guild 
be determined using cost effective census techniques?   

 
Cost-effective monitoring maximizes the likelihood of species detection while 
minimizing sampling effort.  Standardized inventory methods (Resources Inventory 
Committee Standards of BC) have been designed and successfully implemented across 
the province to detect species presence as well as to examine habitat relationships.  An  
initial investment is typically required to establish baseline conditions for species in 
regional physiographic areas.  Recent studies have established baseline conditions for 
many wildlife species within the PGTSA, including the VFD, which would contribute to 
increasing the effectiveness of monitoring and decreasing cost.   
 
Uncommon, wide ranging, and highly specialized species tend to be difficult and costly 
to study where common species or guilds can more easily be monitored for less cost. 

 
Using the selection criteria described above we evaluated each species using a numerical 
scoring procedure to help screen potential indicators. A  5 point scale was used where 1 =   
poor; 2 = fair, 3 = moderate; 4 = high; and 5 = very high.   
 
Forest-dwelling vertebrate species that are considered rare and/or do not breed in the 
VFD were not evaluated and the list of remaining species representing potentially viable 
forest-dwelling vertebrate indicator species (see Appendix 1).  These candidates were 
screened using the above criteria focusing first on sensitivity to forest practices.  Only 
those species considered to have moderate, high or very high sensitivity to changes in 
forest conditions were short-listed (Table 1).  This short list was then further screened 
using the other criteria, primarily cost-effectiveness and reliability (Table 2). A cut-off of 
moderate cost effectiveness was used to provide a list of species that at a minimum had a 
both moderate to high sensitivity and moderate cost-effectiveness. 

The last step involved confirming whether candidate indicator species would be useful in 
achieving broad ecological management goals and objectives at both landscape and stand 
level spatial scales, based on the available supporting literature.  As emphasized by 
various researchers, a narrow focus during the selection of indicators can limit the 
effectiveness of monitoring programs and preclude future options (Noss 1990).  

Specifically, we asked the following questions: 
 

1) Do the suite of potential indicators represent all structural components?  
 

Intent - Attempt to provide species or species guilds that represent each of the six primary 
structural forest elements. 

 
2) Is the species unique to a biogeoclimatic subzone or does it occur in more than one 

subzone.  

Intent – recognize species habitat capability and suitability may vary among 
biogeoclimatic subzones, and hence support varying densities. This will affect sampling 
intensity and relative costs of monitoring efforts.  Also recognize that because species 
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habitat suitability and capability will vary across subzones, ensure there are 
representative species from each BEC subzone in the region.  

3) Do the suite of indicators represent examples of species that are 
 

a. Resource limited 
b. Area limited 
c. Dispersal limited 
d. Process limited 

 
Intent – Although most species chosen will inherently be resource limited (i.e., by at least 
one of the structural components), it may be useful to consider species that are dispersal-
limited (patch distance), area-limited (patch size), and process-limited (e.g., wood decay 
process and snag recruitment) (sensu Lambeck 1997). This could help provide a range of 
indicator species that represent different spatial and temporal scales. Therefore, we 
explicitly asked do the suite of candidate species represent a range of spatial scales from 
the stand-level to regional level? 

 
4) Does the species play a dominant role in the ecosystem  
 

Intent – It may make good ecological sense to choose an indicator that provides habitat 
for a number of other species in the ecosystem (i.e., keystone) and could therefore be 
more cost-effective to monitor. 

 
 
5) Is the species red/ blue listed or addressed under the Identified Wildlife Management 

Strategy (IWMS) or has the species been identified as a key management priority under a 
Higher Level Plan (LRMP) or sub-regional planning process (i.e. landscape unit 
planning)? 

 
Intent- all other things being equal, if there are choices to be made among non-listed and 
listed species - choose the listed or HLP species 

 
 
 
4.0 Results 
 
 
4.1 Forest-Dwelling Vertebrates: First Selection  
 
Prince George TSA 
 
Based on the initial literature review, a total of 234 vertebrate species potentially occur 
within the Prince George TSA, of which 184 are closely associated with at least one of 
the six identified primary structural elements associated with forests, and therefore 
considered forest-dwelling (Appendix 1).   
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Vanderhoof Forest District 
 
Of the 184 forest-dwelling vertebrates potentially occurring in the PGTSA, 173 
potentially occur in the VFD.  Of these, 11 species were excluded from the ranking as 
they were considered very rare (Mountain Goat, Tree Frog) and/or had no confirmed 
reports of breeding or wintering in the area (e.g., American Goldfinch, Band-tailed 
Pigeon, Lewis’ Woodpecker, Northern Oriole, Mourning Dove, Ovenbird, Pacific Slope 
and Willow flycatchers, Yellow-bellied Sapsucker), which reduced the list to 162 
potential candidate indicator species (Appendix 1).   
 
 
4.2 Rationale for Species Selection and Elimination – Summary  
 
Of the 162 forest dwelling vertebrates that potentially breed in the VFD, a total of 57 
species were eliminated during the initial screening based on their relatively low 
sensitivity (sensitivity value <3) to forest practices (see Appendix 1). Species that were 
eliminated include generalist species that use a variety of seral stages, are not strongly 
associated with one or  more of the six structural elements, have been reported to be 
insensitive to habitat stand structure, or are common and opportunistic species.  Examples 
of generalist species with no strong association with stand structural elements include 
coyote, Brown-headed Cowbird, American Crow, and Common Raven.  Some bird 
species, including the American Robin, Gray Jay and Dark-eyed Junco were eliminated 
as they appear to be equally abundant in a variety of stand structure types (Chambers et 
al. 1999) and have been reported to be relatively insensitive to herbicide treatments 
(Eaton and Martin 1998).  Wolf and cougar were eliminated as they are more dependent 
on the availability of prey than specific habitats or habitat features.   
 
A total of 107 species were considered to have a strong association with at least one of 
the six identified primary structural elements and a moderate (55 species), high (39 
species) or very high (13 species) sensitivity to forest management practices.  Most of 
these species were closely associated with late seral forests (65 species), dead and dying 
trees (40 species) as well as riparian habitats (79 species).  An intermediate number of 
species (16-30) are closely associated with shrubs, early seral and deciduous trees, and a 
small number (6) of species are closely associated with downed wood (Table 1). 
 
Overall, the majority of species retained in the first selection were strongly associated 
with late seral forest, riparian and/or dead and dying trees (Table 1). This included 
raptors, primary cavity excavators (woodpeckers), weak primary cavity excavators 
(chickadees, nuthatches), both avian and mammalian secondary cavity users (ducks and 
owls) as well as species sensitive to interior forest conditions. Species associated with 
shrub or early seral habitats and shown to respond positively to logging include Yellow 
Warbler, Alder Flycatcher, Common Yellowthroat and Clay-colored Sparrow (Tittler et 
al. 2001). 
 
Species with strong associations with mid-seral forests were identified but not included in 
the tables, which focus on early and late seral stages, which offer more structural and 
habitat diversity. 
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Table 1.  First short-list of potential vertebrate indicators ranked sensitive to forest practices in the Vanderhoof Forest District.  

Structural Element 
Shrubs Early Seral Late Seral Hardwoods Riparian Dead and Dying 

Standing Trees 
Downed Wood 

Alder Flycatcher Blue Grouse Wood Frog Alder Flycatcher Long-toed Salamander American Kestrel Long-toed Salamander 
Clay-coloured Sparrow Chipping Sparrow Bald Eagle Barrow's Goldeneye Spotted Frog Barred Owl Fisher 
Common Redpoll Clay-colored Sparrow Barred Owl Black-capped 

Chickadee 
Wood Frog Barrow's Goldeneye Lynx 

Common Yellowthroat Common Yellowthroat Blackpoll Warbler Cooper's Hawk Bald Eagle Black-backed 
Woodpecker 

Marten 

Dusky Flycatcher MacGillivray's Warbler Barrow's Goldeneye Bufflehead Alder Flycatcher Black-capped Chickadee Southern Red-backed 
Vole 

Golden-crowned 
Sparrow 

Lincoln's Sparrow Black-backed 
Woodpecker 

Dusky Flycatcher American Redstart Chestnut-backed 
Chickadee 

Yellow-pine Chipmunk 

Hermit Thrush Northern Waterthrush Brown Creeper Downy Woodpecker Blackpoll Warbler Boreal  Chickadee 6 species 
MacGillivray's Warbler Nashville Warbler Boreal Chickadee Great Blue Heron Barrow's Goldeneye Boreal Owl  
Northern Waterthrush Red-eyed Vireo Boreal Owl Lincoln's Sparrow Bufflehead Brown Creeper  
Orange-crowned 
Warbler 

Orange-crowned 
Warbler 

Bufflehead MacGillivray's Warbler Chipping Sparrow Bufflehead  

Red-eyed Vireo Tree Swallow Hammond's Flycatcher Nashville Warbler Lincoln's Sparrow Common Goldeneye  
Solitary Vireo Violet-green Swallow Hooded Merganser Northern Flicker MacGillivray's Warbler Common Merganser  
Swainson's Thrush Warbling Vireo Clark's Nutcracker Red-breasted 

Sapsucker 
Clay-colored Sparrow Downy Woodpecker  

Warbling Vireo Wilson's Warbler Common Goldeneye Red-eyed Vireo Common Goldeneye Hairy Woodpecker  
White-crowned sparrow Yellow Warbler Common Merganser Red-naped Sapsucker Common Merganser Hooded Merganser  
White-throated sparrow Yellow-rumped Warbler Cooper's Hawk Ruby-crowned Kinglet Common Redpoll Mountain Bluebird  
Wilson's Warbler 16 species Downy Woodpecker Ruffed Grouse Common Yellowthroat Mountain Chickadee  
Yellow Warbler  Evening Grosbeak Swainson's Thrush Dusky Flycatcher Northern Flicker  
Moose  Golden-crowned Kinglet Warbling Vireo Golden-crowned Kinglet Northern Hawk Owl  
Mule Deer  Great Gray Owl White-crowned sparrow Great Blue Heron Northern Pygmy Owl  

20 species  Great Horned Owl Wilson's Warbler Hammond's Flycatcher Northern Saw-whet Owl  
  Hairy Woodpecker Yellow Warbler Hooded Merganser Pileated Woodpecker  
  Boreal Chickadee Little Brown Myotis Nashville Warbler Red-breasted Nuthatch  
  Merlin Long-eared Owl Northern Pygmy Owl Red-breasted Sapsucker  
  Mountain Chickadee Long-legged Myotis Northern Waterthrush Red-naped Sapsucker  
  Northern Goshawk Lynx Olive-sided Flycatcher Three-toed Woodpecker  
  Northern Hawk Owl 26 species Osprey Tree Swallow  
  Northern Pygmy Owl  Ruffed Grouse Vaux's Swift  
  Northern Saw-whet Owl  Pine Grosbeak Violet-green Swallow  
  Osprey  Rusty Blackbird Winter Wren  
  Great Blue Heron  Southern Red-backed 

Vole 
Big Brown Bat  

  Pileated Woodpecker  Swainson's Thrush Fisher  
  Pine Grosbeak  Townsend's Solitaire Hoary Bat  
  Purple Finch  Townsend’s Warbler Little Brown Myotis  
  Red Crossbill  Varied Thrush Long-legged Myotis  
  Red-breasted Nuthatch  Veery Marten  
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  Late Seral (contd)  Riparian (contd) Dead and Dying 
Trees (contd) 

 

  Red-breasted 
Sapsucker 

 Violet-green Swallow Northern Flying Squirrel  

  Red-naped Sapsucker  Wilson's Warbler Northern Long-eared 
Myotis 

 

  Ruby-crowned Kinglet  Yellow Warbler Red Squirrel  
  Sharp-shinned Hawk  Yellow-rumped Warbler Silver-haired Bat  
  Spruce Grouse  Fisher Western Long-eared 

Myotis 
 

  Steller's Jay  Grizzly Bear Yellow-pine Chipmunk  
  Three-toed Woodpecker  Little Brown Myotis 42 species  
  Varied Thrush  Long-eared Owl   
  Vaux's Swift  Lynx   
  Western Tanager  Moose   
  White-winged Crossbill  Silver-haired Bat   
  Winter Wren  Western Long-eared 

Myotis 
  

  Hoary Bat  Yellow-pine Chipmunk   
  Little Brown Myotis  49 species   
  Long-legged Myotis     
  Northern Long-eared 

Myotis 
    

  Fisher     
  Lynx     
  Marten     
  Northern Flying Squirrel     
  Red Squirrel     
  Silver-haired Bat     
  Southern Red-backed 

vole 
    

  Western Long-eared 
Myotis 

    

  Mule Deer     
  Woodland Caribou 

(northern ecotype) 
    

  63 species     
       



Forest-Dwelling Vertebrate Indicators ◊ Vanderhoof Forest District 

Triton Environmental Consultants Ltd. 21

Some species assemblages were more difficult to assess partly because responses to forest 
practices have been variable. This is particularly true for a variety of small mammals and 
amphibians. For example, although some studies have suggested harvesting and thinning 
can affect terrestrial salamanders, responses vary by species (Grialou et al. 2000). Some 
researchers report long-toed salamanders have a wide tolerance to forest conditions (i.e., 
generalist), however, Naughton et al. (2000) found a 70% reduction in long-toed 
salamanders following clearcut and retention harvesting treatments in Douglas-fir forests. 
They concluded that removal of the overstory, particularly large live trees, was the critical 
factor associated with decreased abundance and suggested this was related to a low 
tolerance for hot dry conditions. Effect of forest practices is further complicated by the fact 
that although frogs and terrestrial salamanders are sensitive to changes in micro-climate and 
micro-habitat (logs, ferns, mosses, moisture) (Welsh and Droege 2001, Dupuis et al. 1995) 
their habitat currently receives some riparian protection through the establishment of 
legislated riparian reserve zones (Forest Practices Code). Some studies have suggested 
relatively narrow riparian buffers can benefit certain amphibian species following logging 
(Dupuis and Steventon 1999, Hannon et al. 2002). As such, because the literature reports 
were highly variable, we took a conservative approach and scored amphibians as having 
moderate (3) sensitivities to forest practices and retained them in the first round.  
 
The effects of forest practices on small mammals are also highly variable. This is partly 
because many species show high annual variation in population abundance.  This is 
particularly true for shrews that show high seasonal and annual population variation but 
also appear to be relatively insensitive to harvest treatments (Huggard and Klenner 1998).  
In addition, small mammals with high productive turnover can adapt to a changed 
environment and become less sensitive with time (Landres et al. 1988).  Shrew diets have 
also been shown to vary opportunistically relative to the food items available (Terry 1978, 
Gunther et al. 1983).  All species of shrews that occur in the VFD were considered 
generalists and not reliable monitoring indicators. 
 
Similarly, although some studies acknowledge that clear-cut logging can reduce small 
mammal abundance, low levels of retention can largely reduce the effects (Hayes et al. 
1995, Moses and Boutin 2001).  Sullivan (1980) found little variation in recruitment, 
reproduction and survival in populations of deer mice and Oregon vole in early 
successional cutblocks where three different silvicultural treatments (no slash and low 
shrubs, slash left with abundant deciduous trees and shrubs, and slash and burn) were 
applied.  However, Sullivan et al. (2000) found mean abundance of southern red-back voles 
consistently higher in old growth stands than in young pine or seed-tree stands. Sullivan 
and Klenner (2000) also found the abundance of yellow-pine chipmunks respond positively 
to thinned stands and concluded that chipmunks appear to prefer relatively open habitats 
that may be produced by heavily thinning young lodgepole pine stands. Once again, these 
reports indicated variable results. Therefore, we retained some small mammals that may 
have moderate to high sensitivity to forest practices including southern-red-backed vole, 
yellow-pine chipmunk, northern flying squirrel and red squirrel. 
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4.3 Second Screening of Forest-Dwelling Vertebrate Indicators 
 
The second screening of prospective vertebrate indicators focused on species that were not 
only sensitive to forest conditions (Table 1) but were also considered cost-effective to 
monitor. This required consideration of potentially confounding factors that can affect 
population distribution and abundance as well as the species overall relative abundance in 
the region including their monitoring protocols (i.e., pitfall trapping, area-constrained 
searches, point counts, callback displays, aerial surveys, ground transects, winter tracking). 
Examples of forest-dwelling vertebrates that are relatively costly to monitor typically 
included large carnivores that are widely distributed and live at relatively low densities 
(e.g., wolves, grizzly bears1) and/or require intensive field surveys (e.g., Northern 
Goshawk).  Examples of species that were eliminated due to low densities and limited 
distributions included some of the owls, (Northern Pygmy Owl, Northern Hawk Owl, Great 
Gray Owl), Brown Creeper and Vaux’s Swift.   
 
Many of the species assemblages retained in the first round were eliminated due to 
confounding factors associated with high annual variation in population abundance, 
dependence of food sources (prey, cone crops), predation, inter-specific competition and 
time consuming monitoring protocols.  This included most small mammals and 
amphibians.  The remaining species are largely comprised of birds and mammals that are 
dependent on late seral forests, dead and dying trees and riparian habitats. The majority of 
these avian and mammalian species make up the cavity-nesting web community identified 
in the Cariboo-Chilcotin region (Martin and Eadie 1999; Martin and Aitken 2001).  It 
should be noted that because some of the structural elements are not mutually exclusive 
(e.g., dead and dying trees occur in late seral and riparian habitats), species often occur on 
the list more than once. A brief summary is provided below. 
 
Within the VFD a total of 89 species (out of 107) were retained based on their sensitivity to 
forest practices and relative cost-effectiveness (Table 2).  All species that were retained 
were ranked as being moderately cost effective to monitor although in some cases a less 
cost effective method may be required, depending on monitoring objectives. 
 
It should also be noted that many of the indicators identified would require point count or 
nesting surveys of the avian community.  Because point counts include all bird species 
observed or detected (e.g., species not sensitive or short-listed), the intent would be to focus 
the analysis of monitoring results only on the candidate species. Similarly, if winter 
tracking counts were conducted to monitor marten, other furbearer tracks (e.g., fisher) 
could also be recorded2. 
 
 

                                                 
1 It should be noted that, over time, technology could provide more cost effective means of estimating relative abundance for certain 
species. As emphasized throughout the document, all monitoring programs should be implemented within an adaptive management 
framework. 
2 Note: Fisher were difficult to evaluate in terms of their overall utility as monitoring indicators. Although they are closely associated 
with riparian habitats and large trees (particularly as maternal den sites), their relatively low densities makes them less cost-effective to 
monitor. This is a species that could be added back in, given its blue-listed status.  
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4.4 Third Screening of Forest-Dwelling Vertebrate Indicators 
 
After eliminating species with low sensitivity to forest practices, and species that would not 
be cost effective to monitor, a third screening was completed to eliminate species that 
would be difficult to measure and/or be unreliable with respect to attributing changes to 
forest practices.  This process was largely based on relevant literature references describing 
known distributions and species occurrences within the VFD, variations in population 
numbers, confounding effects, and linkages with structural forest elements.   
 
A total of 54 species were retained in the third and final screening (Table 3).  These species 
were relatively well distributed within most structural element categories including: Shrubs 
(11 species), Early Seral (8 species), Late Seral (23 species), Hardwoods (15 species), 
Riparian (23 species), Dead and Dying Standing Trees (18 species)  Only two species with 
close associations with Downed Wood were retained. 
 
Species that were eliminated in the third screening include species present in low and/or 
variable numbers within the VFD (e.g., Boreal Owl, Western Tanager, Stellar’s Jay, Violet-
green Swallow, Townsend’s Solitaire, Solitary Vireo, grosbeaks, Orange-crowned Warbler, 
Ruby-crowned Kinglet, Least Flycatcher, Common Redpoll), bats3, species with 
confounding factors (e.g., Mule Deer, Brown-headed Cowbird, Three-toed Woodpecker), 
and species with irregular distribution and local abundance in relation to conifer cone crops 
(crossbills, Clark’s Nutcracker). 
 
 
 

                                                 
3 It should be emphasized, that although these species were considered useful as monitoring indicators, there is limited baseline 
information with respect to linkages with forest practices and it is assumed that their habitat would be maintained through monitoring 
other representative species for each structural element.  
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Table 2.  Second short-list of potential vertebrate indicators ranked sensitive to forest practices and relatively cost-effective to monitor in the 
Vanderhoof Forest District.  

Structural Element 
Shrubs Early Seral Late Seral Late Seral (contd) Riparian Dead and Dying 

Standing Trees 
Downed Wood 

Alder Flycatcher Blue Grouse Barred Owl Silver-haired Bat Long-toed Salamander Barrow's Goldeneye Long-toed Salamander 
Common Redpoll Chipping Sparrow Barrow's Goldeneye Western Long-eared 

Myotis 
Alder Flycatcher Black-capped Chickadee Marten 

Common Yellowthroat Common Yellowthroat Blackpoll Warbler Mule Deer American Redstart Boreal Owl 2 species 
Dusky Flycatcher MacGillivray's Warbler Boreal Owl Woodland Caribou Barrow's Goldeneye Bufflehead  
Golden-crowned Sparrow Lincoln's Sparrow Bufflehead 40 species Bufflehead Common Goldeneye  

Hermit Thrush Northern Waterthrush Hammond's Flycatcher  Chipping Sparrow Common Merganser  
MacGillivray's Warbler Orange-crowned Warbler Hooded Merganser  Lincoln's Sparrow Downy Woodpecker  
Northern Waterthrush Tree Swallow Clark's Nutcracker Hardwoods MacGillivray's Warbler Hairy Woodpecker  
Orange-crowned Warbler Violet-green Swallow Common Goldeneye Alder Flycatcher Common Goldeneye Hooded Merganser  
Solitary Vireo Warbling Vireo Common Merganser Barrow's Goldeneye Common Merganser Mountain Bluebird  
Swainson's Thrush Wilson's Warbler Downy Woodpecker Black-capped Chickadee Common Yellowthroat Northern Flicker  
Warbling Vireo Yellow Warbler Evening Grosbeak Bufflehead Dusky Flycatcher Northern Saw-whet Owl  
White-crowned sparrow Yellow-rumped Warbler Golden-crowned Kinglet Common Yellowthroat Golden-crowned Kinglet Pileated Woodpecker  
White-throated sparrow 13 species Great-horned Owl Dusky Flycatcher Hammond's Flycatcher Red-breasted Nuthatch  
Wilson's Warbler  Hairy Woodpecker Downy Woodpecker Hooded Merganser Red-breasted Sapsucker  
Yellow Warbler  Northern Saw-whet Owl Lincoln's Sparrow Northern Waterthrush Three-toed Woodpecker  
Moose  Pileated Woodpecker Warbling Vireo Olive-sided Flycatcher Tree Swallow  
Mule Deer  Pine Grosbeak White-crowned sparrow Ruffed Grouse Violet-green Swallow  
18 species  Purple Finch MacGillivray's Warbler Pine Grosbeak Big Brown Bat  
  Red Crossbill Northern Flicker Rusty Blackbird Hoary Bat  

  Red-breasted Nuthatch Red-breasted Sapsucker Swainson's Thrush Little Brown Myotis  
  Red-breasted Sapsucker Ruby-crowned Kinglet Townsend's Solitaire Long-legged Myotis  
  Ruby-crowned Kinglet Ruffed Grouse Townsend’s Warbler Marten  
  Spruce Grouse Swainson's Thrush Varied Thrush Northern Flying Squirrel  
  Steller's Jay Wilson's Warbler Violet-green Swallow Northern Long-eared 

Myotis 
 

  Three-toed Woodpecker Yellow Warbler Wilson's Warbler Red Squirrel  
  Varied Thrush Little Brown Myotis Yellow Warbler Silver-haired Bat  
  Western Tanager Long-legged Myotis Yellow-rumped Warbler Western Long-eared Myotis  
  White-winged Crossbill 20 species Little Brown Myotis 28 species  
  Hoary Bat  Moose   
  Little Brown Myotis  Silver-haired Bat   
  Long-legged Myotis  Western Long-eared 

Myotis 
  

  Northern Long-eared 
Myotis 

 31 species   

  Marten     
  Northern Flying Squirrel     
  Red Squirrel     
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Table 3. Third short-list of potential vertebrate indicators ranked sensitive to forest practices, relatively cost-effective to monitor, 
measurable and reliable in the Vanderhoof Forest District.  

Structural Element 
Shrubs Early Seral Late Seral Hardwoods Riparian Dead and Dying 

Standing Trees 
Downed Wood 

Alder Flycatcher Chipping Sparrow Barred Owl Alder Flycatcher Long-toed Salamander Barrow's Goldeneye Long-toed Salamander 
Dusky Flycatcher Lincoln's Sparrow Barrow's Goldeneye Barrow's Goldeneye Alder Flycatcher Black-capped Chickadee Marten 
Golden-crowned Sparrow MacGillivray's Warbler Blackpoll Warbler Black-capped Chickadee American Redstart Bufflehead 2 species 
Hermit Thrush Northern Waterthrush Bufflehead Bufflehead Barrow's Goldeneye Common Goldeneye  
MacGillivray's Warbler Tree Swallow Hammond's Flycatcher Downy Woodpecker Bufflehead Common Merganser  
Northern Waterthrush Warbling Vireo Hooded Merganser Dusky Flycatcher Chipping Sparrow Downy Woodpecker  
Swainson's Thrush Yellow Warbler Common Goldeneye Lincoln's Sparrow Common Goldeneye Hairy Woodpecker  
Warbling Vireo Yellow-rumped Warbler Common Merganser MacGillivray's Warbler Common Merganser Hooded Merganser  
White-crowned sparrow 8 species Downy Woodpecker Northern Flicker Dusky Flycatcher Mountain Bluebird  
White-throated sparrow  Golden-crowned Kinglet Red-breasted Sapsucker Golden-crowned Kinglet Northern Flicker  
Yellow Warbler  Great-horned Owl Ruffed Grouse Hammond's Flycatcher Northern Saw-whet Owl  
11 species  Hairy Woodpecker Swainson's Thrush Hooded Merganser Pileated Woodpecker  
  Northern Saw-whet Owl Yellow Warbler Lincoln's Sparrow Red-breasted Nuthatch  
  Pileated Woodpecker Warbling Vireo MacGillivray's Warbler Red-breasted Sapsucker  
  Purple Finch White-crowned sparrow Northern Waterthrush Tree Swallow  
  Red-breasted Nuthatch 15 species Olive-sided Flycatcher Marten  
  Red-breasted Sapsucker  Ruffed Grouse Northern Flying Squirrel  
  Spruce Grouse  Rusty Blackbird Red Squirrel  
  Varied Thrush  Swainson's Thrush 18 species  
  Marten  Townsend’s Warbler   

  Northern Flying Squirrel  Varied Thrush   
  Red Squirrel  Yellow Warbler   
  Woodland Caribou  Yellow-rumped Warbler   
  23 species  23 species   
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5.0 Discussion 
 
It has frequently been argued that no single species can be considered a representative 
surrogate for an entire ecosystem, however monitoring the full range of potentially 
occurring vertebrate species is not logistically or economically practical.  Although there is 
significant overlap in species habitat requirements, individual species co-exist by utilizing 
the available resources differently (spatially and temporally).  Where there is overlap in 
species habitat requirements such that there is a common dependence on a key primary 
structural forest element, it becomes feasible to select a given species as a surrogate for one 
or more species with similar habitat requirements.   
 
The selection of suitable monitoring indicators for the VFD has resulted in the development 
of species lists where there has been demonstrated overlap in species habitat requirements.  
It is anticipated that in order to be cost effective, yet produce defensible results, the 
selection of appropriate monitoring indicators will include both individual species and 
species groups/guilds, that are surrogates for other species with overlapping habitat 
requirements.  A benefit of the multiple indicator approach is reduce the uncertainty in 
interpreting monitoring results where there are potential confounding factors. 
  
The lists presented here identify forest-dwelling vertebrates that have strong associations 
with the identified primary structural forest attributes, are relatively cost effective to 
monitor, are measurable, and will produce reliable results associating changes in forest 
attributes with forest practices.  However, there are numerous and complicated 
considerations in selecting appropriate indicators for a monitoring program.  Landres et al. 
(1988) concluded that an absence of precise definitions and procedures, confounded criteria 
used to select indicators, and discordance with ecological literature severely weaken the 
effectiveness and credibility of using vertebrates as ecological indicators. 
 
Choosing Appropriate Indicators 
 
The identified candidate indicator species represent a balance between sensitivity to forest 
practices, cost-effectiveness, and measurability/reliability.  However the evaluation criteria 
do not reflect subtle differences between species and are not sensitive to species 
group/guild potential.  As there are clear trade-offs between species, the choice of 
vertebrate indicators will ultimately depend on the objectives and constraints of the 
proposed monitoring program.  This is especially true for those species considered highly 
sensitive to forest practices but because of their relatively low densities, are less cost 
effective to monitor (e.g., Pileated Woodpecker). 
 
To achieve the objectives of a given monitoring program, the selection of appropriate 
indicators may include species that were screened out based on cost or measurability.  
Therefore, it should be emphasized, that although many of the potential candidate species 
were dropped due to low cost-effectiveness and reliability (grizzly bears, wolves, bats, 
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amphibians, small mammals), this obviously does not preclude these species from being 
monitored to meet other research or management objectives4. 
 
Consideration should also be given to species on the list that may be at most risk given 
current forest practices.  In NDT 3 subzones (SBPS and SBS), where clearcut harvesting 
with dispersed retention and wildlife tree patches will dominate silvicultural prescriptions, 
species sensitive to post-harvest tree species composition, size, decay class and retention 
level should be the focus of monitoring efforts as they may be more informative.  In 
contrast, where selection silvicultural systems are used (e.g., ESSF; NDT 4), species 
responses vary according to specific silvicultural prescriptions.  However, because more 
stems per ha will be left on partial cut blocks, the degree of sensitivity to changes in 
structural attributes may be less in these stands and indicator species may have to be very 
sensitive to see any significant change in relative abundance.  As suggested by Chambers et 
al. (1999), single or group selection (uneven aged management) can be used to emulate fine 
scale disturbances in Douglas-fir stands and may allow mature forest associates to persist in 
managed forests.  
 
Although the potential candidates are considered at the very least moderately sensitive to 
forest conditions, it is acknowledged that some species are likely more sensitive than others 
(e.g., Pileated Woodpecker) due to their dependence on structural attributes that are in 
greater conflict with timber harvesting practices and worker safety requirements (i.e. large 
live and dead trees).   
 
Climate, topography, forest structure and stand composition varies between biogeoclimatic 
subzones, which affects habitat suitability and capability and should be considered during 
indicator selection.  The species lists presented here provide species occurrence and use 
data at the biogeoclimatic subzone level, which is appropriate for the initial selection. 
 
The selection of indicator species should also consider the local and regional physiography, 
proximity to major influential habitats (e.g., large lakes, rivers, mountains, cliffs) and the 
type of silvicultural system in place.  For example, in the SBPS forests are typically 
characterized by even-aged lodgepole pine with poorly developed shrub layers and low 
volumes of large downed wood, therefore indicator species dependent on high cover of 
shrubs or downed wood would be less informative.  In this case, species that are closely 
associated with late seral coniferous forest and are potentially area sensitive (e.g., Red 
Crossbill) may be more informative compared to other species (Benkman 1993, 
Waterhouse 1997).  Similarly, within areas managed specifically to meet mule deer winter 
range management objectives, species that are also closely associated with Douglas–fir 
ecosystems would be more useful (e.g., woodpeckers, Golden-crowned Kinglet).  In 
contrast, species sensitive to stand structural attributes affected through mule deer 
management prescriptions (e.g., removal of pine, dead trees) may provide further insight 
into selecting focal species.   
 

                                                 
4 The purpose was to suggest monitoring indicators that can be used to test the hypothesis that maintaining specific forest structural 
elements maintains a well-distributed and viable population of a given species, as well as other species with similar habitat requirements, 
and not to dismiss the potential utility of monitoring other species. 



Forest-Dwelling Vertebrate Indicators ◊ Vanderhoof Forest District 

Triton Environmental Consultants Ltd. 27

Species Group/Guild Approach 
 
Guilds are groups of species that use habitats in similar ways and management indicator 
species are individual species or a group of species that represent other members of the 
guild, assuming that they will respond in a similar way to changes in their environment.  
The use and applicability of the guild approach to ecosystem management has been the 
subject of significant study and debate over the past two decades (Landres 1983, Szaro 
1986, Landres et al. 1988, Radcliffe et al. 1984).  There are many criticisms of this 
approach, which are primarily based on the differences in species-specific responses and 
ignoring keystone functions.  There is also a danger that warning signs for a particular 
species may go unnoticed.  However, the guild approach tends to be the most cost effective 
and many of the weaknesses can be overcome with careful selection of indicators and the 
development of a sound monitoring program design.  The use of two scale5 guild matrices 
can help to focus species selection and reduce to total number of key indicator species in 
each guild block.   
 
Croonquist and Brooks (1991) demonstrated that response guilds can be effective in 
demonstrating the effects of habitat alteration.  Their approach involved assigning a 
numerical score between 1 and 5 based on a guild members dependence on a given habitat 
attribute or feature.  As habitat alteration increased, the percentage of bird species with high 
response scores decreased.  Avian response guilds were found to reflect habitat disturbance 
better than mammalian response guilds.  Manuwal and Huff (1987) used functional group 
guilds (e.g., bark-gleaning insectivore, foliage gleaning omnivore, etc.) to successfully 
compare avian species abundance, richness and guild structure over a period of two years 
and in winter and spring between young, mature and old growth Douglas-fir forests. 
 
There is no standardized method of grouping species into a guild and the process is usually 
based on habitat attribute or feature dependency.  We have essentially identified groups of 
species that are potentially suitable for selecting individual representative species or for 
developing smaller groups to represent the requirements of other species in the context of 
monitoring the effects of forest practices. 
 
Some habitat elements are particularly important for large numbers of species and are 
relatively easy to measure.  Bunnell and Kremsater (1990) report 56 species use downed 
wood as their primary breeding habitat and 30-65% (depending on location) of bird and 
mammal species in temperate coniferous forests use snags as their primary breeding habitat 
and that standing dead are particularly important for birds and bats.  As basic requirements 
of old growth dependent species (e.g., downed wood, heterogeneity) are to some extent 
manipulable in forest rotations, it is feasible to associate species abundance with stand 
structural components.   
 
Bird species that consistently show sensitivity to forest conditions across a wide range of 
studies include the weak primary cavity excavators such as the Red-breasted Nuthatch 

                                                 
5 Axes designations used by Szaro (1986) included foraging functional group matrix (ground, hammer-tearer, gleaner, aerial) VS nesting 
guild (ground, foliage, cavity), and a structural group matrix approach with axes: primary feeding zone (ground, shrub, tree, air) VS 
primary nest zone (ground, shrub, tree, snag) 
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(Chambers et al. 1999, Martin and Eadie 1999, Norton and Hannon 1997; Waterhouse and 
Dawson 1998, McGarigal and McComb 1995). These studies suggest that weak primary 
cavity nesters may be at greater risk not only because of their dependence on soft snags but 
also because they appear sensitive to forest interior conditions.  To improve reliability and 
reduce cost, surveys could target weak primary excavators (chickadees, nuthatch) and small 
secondary cavity nesters, with the results pooled and weighted relative to their local 
abundance.  This approach may also be suitable for secondary cavity nesting waterfowl that 
are considered good indicators of old forest conditions within 100 m of lakes, larger ponds 
and rivers include Bufflehead, Barrow’s Goldeneye, Common Goldeneye, and Hooded 
Merganser.   
 
Thomas et al. (1979) reported the minimum diameter nest tree for Bufflehead and Hooded 
Merganser as 38.1 cm and for Common Goldeneye as 50.8 cm.  Thomas et al. (1979) report 
species depend on snag succession:  stage 4 for bats rooting under loose bark, stage 6 
heavily used by woodpeckers (pileated) and stage 7 for chickadees, stage 8 and 9 for 
insectivorous birds and small mammals.  Thomas et al. (1979) provide recommended snag 
sizes and densities for various woodpecker species.   
 
Keystone Species 
 
Some species may be preferred monitoring indicators because they have ‘keystone’ roles in 
providing habitat for other species (e.g., woodpeckers; Bonar 2000, Mikusiński et al. 2001).  
For example, Martin and Eadie (1999) suggest that the Northern Flicker and Red-naped 
Sapsucker are keystone species in the Cariboo-Chilcotin because they are the dominant 
primary cavity excavators, which provide nesting habitat for over 20 other vertebrate 
species including small mammals, owls, ducks, and other passerine birds. Although these 
species may play a dominant role in the cavity-nesting community, their relative sensitivity 
to harvesting systems appears variable (Chambers et al. 1999, Waterhouse and Dawson 
(1998) and requires further study.   
 
Bull and Holthausen (1993) reported home ranges of between 400-600 ha mated pairs and 
individuals, respectively, with average densities ranging between 0.1-0.5 mated pairs per 
100 ha.  They found that calls heard on transects gave a good approximation of the number 
of nesting pairs found (R2=0.95).  The density of snags >51 cm in diameter was the best 
predictor of pileated woodpecker abundance.  They also found that pileated abundance 
increased as the amount of forest with no logging, >60% canopy closure, and old growth 
increased. 
 
 
Species of Special Management Concern 
 
Species that have been identified as being of special management concern such as northern 
ecotype of the woodland caribou (blue-listed) and mule deer, may be viewed as more costly 
to monitor but still necessary to meet agency requirements (e.g., IWMS) and/or higher level 
plan commitments (e.g., Vanderhoof LRMP).  These species are sensitive to forest 
practices, which can affect habitat quantity and quality, particularly on winter ranges.  In 
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the case of mule deer, winter range values are closely linked to stand structural attributes of 
Douglas-fir leading forests, particularly the abundance of mature and old forests dominated 
by large live Douglas-fir trees, which provide snow interception cover and a source of 
winter forage (conifer needles and arboreal lichens). Northern caribou herds (e.g., Itcha-
Ilgachuz) depend on terrestrial and arboreal lichens, which are most abundant in late seral 
lodgepole pine forests and wetter forests of the SBPS and Montane Spruce zones.  Both of 
these ungulate species are monitored annually by government agencies, so trends on 
population levels are obtainable.  However, as mentioned previously, potential confounding 
factors (e.g., predation, hunting) can hinder interpretations of ungulate population change 
unless these factors can be explicitly accounted for. The same is true for marten, which is 
potentially confounded by trapping and prey abundance6. Despite these drawbacks, larger 
mammals and medium sized carnivores need to be considered during the indicator species 
selection process in order to provide not only a range of taxa to monitor but also a range of 
spatial scales.   
 
Confounding Factors 
 
This may be most relevant in context of species dependent on upland lodgepole pine forests 
and the current mountain pine beetle (MPB) infestation which covers a vast area in the 
central interior, including the Prince George TSA.  
 
As mentioned above, even though some species were eliminated due to low cost-
effectiveness and reliability, many of the bird species listed as potential monitoring 
indicators will also create challenges.  In particular, avian communities can show high 
inter-annual variation, which can potentially limit the interpretation of monitoring results 
associated with specific treatments (Brawn et al. 2001). Therefore, accounting for this 
variation at a variety of spatial scales will be required to help reduce any potential source of 
bias.  For example, establishing suitable controls and tracking local, regional, provincial, 
and international bird census data would be necessary to eliminate confounding effects for 
migratory species.  In particular, habitat alteration in overwintering areas and climatic 
conditions during migration can affect the annual abundance of neotropical migrants.  For 
most of the short-listed species, these effects usually manifest in a given season across the 
range of species with similar migratory and habitat requirements, and have resulted in a 
gradual long-term shift in the abundance of some species. 
 
Short-listed bird species that occur at lower densities or are strongly associated with habitat 
attributes such as large trees may not be difficult to monitor, however more intensive effort 
may be required to generate a statistically valid result.  In addition, relying solely on avian 
relative abundance surveys can be misleading when nesting success may be more relevant 
to habitat quality (Easton and Martin 1998).  Lastly, confounding factors associated with 
long distance migrants can be problematic, however, focusing on resident species with 
stable populations can reduce this problem. 
 

                                                 
6 Consideration should be given to monitoring prey species if marten are chosen as an indicator (i.e., it may be necessary to monitor the 
Southern Red-backed Vole to account for potential variation in predator-prey abundance).  
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Spatial Scales 
 
As many of the recommended indicators are small passerine birds with relatively small 
territories or cavity-nesting wildlife often associated with wetland riparian edges, or 
riparian forest-upland edges, species that are sensitive to patch size, connectivity and 
fragmentation, need to be considered.   
 
The effects of habitat fragmentation on avifauna has been well studied and there are 
recognized differences in species responses.  In general, relationships between forest patch 
size have demonstrated that larger forest fragments contain more species than smaller 
fragments (Harris 1984, Freemark and Merriam 1986), particularly more species that are 
rare in smaller forests such as  forest-interior species (Freemark and Merriam 1986) and 
more heterogenous forests sustain a greater number of bird species and higher density of 
nesting pairs (Freemark and Merriam 1986). 
 
The effects of fragmentation on small mammals has also been well studied and indicate that 
small mammal abundance is affected by fragment size and patch connectivity (Fahrig, L., 
and G. Merriam. 1985) 
 
With increasing fragmentation, inter-specific competition for food and territory (i.e. robin) 
and edge effects such as increased nest predation (Small and Hunter 1988) and nest 
parasitism near edges (Yahner and Scott 1988, Paton 1994) may be reflected by the 
abundance of brown-headed cowbird, crow, raven, or magpie abundance, although not 
selected indicators. 
 
Species associated with old growth may be dependent on one or more of three features: 
heterogeneity, big pieces7 and age (Bunnell and Kremsater 1990), therefore more than 1 
species may be required to represent this forest attribute. 
 
When attempting to conserve owls, it may be appropriate to sample its primary prey 
sources such as voles, mice and shrews, which are relatively dependent on the abundance of 
downed wood. 
  
 
5.1 Critique of indicator selection method 
 
The methods and criteria used to select prospective monitoring indicator species have 
largely been standardized within the past few years.  A similar process has been used to 
develop potential monitoring indicators for the Arrow TSA (Houde and Paczek 2002), the 
Robson valley (Triton 2003a), and the Cariboo-Chilcotin Plateau (Triton 2003b).  A recent  
presentation was made to licensees in the Prince George District based on the Arrow TSA 
approach (Houde in Wainwright 2003).  This process tends to produce a repeatable and 
defensible result but falls short with respect to the selection of appropriate indicators and 
the development of monitoring programs.   
 
                                                 
7 “big pieces” may be root boles, trees crowns or other components (trunk, branches) 
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Although the criteria used to select indicators in this report were useful, a more rigorous 
approach should be implemented in developing a monitoring program once clear objectives 
have been established.  Further analysis would be necessary to provide finer detail with 
respect to species sensitivity and cost effectiveness. For example, it would be useful to 
compare sampling methods and protocols for various guilds or taxa.  In particular, using 
standardized variables such as catch–per-unit effort (CPUE) would allow techniques to be 
evaluated in a larger context, correcting for differences in the number of traps deployed per 
unit area or in the duration of sampling.  CPUE can be the basis of comparing the 
information produced by different techniques, as well as, the time and money invested 
(Sklaski and Robson 1992, Zielinski and Kucera 1995, Gingras et al. 2001). Similarly, the 
relative cost-effectiveness of different monitoring protocols such as track count data, 
remote cameras, point count surveys could be compared. 
 
 
6.0 Conclusions and Recommendations 
 
Although species responses to various silvicultural systems have been examined, much 
more work is needed to identify cause and effect relationships.  As these types of studies 
require considerable time, effort and resources to provide spatial and temporal replication, 
there will be persistent information gaps with respect to evaluating species changes relative 
to forest management practices.  Therefore, it will be important to incorporate results from 
local research projects related to indicator species (e.g., K. Martin UBC; M. Gillingham 
Life Form Project, UNBC) as this information becomes available. Collectively, these 
studies will provide necessary information on species-habitat associations and species 
responses to forest practices, particularly as they relate to the size and number of live and 
dead trees in various stages of decay.   
 
A general deficiency in type of baseline information needed to interpret monitoring results  
exists for most species within the region, and will require further effort establish.  For the 
purposes of developing and implementing monitoring programs within the Prince George 
TSA, a common database should be developed to record and revise, as new information 
becomes available, species distribution, relative abundance, and habitat affinities for all 
forest-dwelling vertebrates.  The template for such a database should follow that used in 
this and other related studies. 
 
To confirm and refine species dependence on structural forest attributes, the habitat 
affinities used in this analysis should be broken down by successional stage for all major 
forest types, and biogeoclimatic subzone variant.  Vertical strata could also be added to the 
database to separate ground oriented species (i.e.Dark-eyed Junco, thrushes) from bark 
feeders (i.e. nuthatches, woodpeckers) and canopy feeders (flycatchers, warblers).  All 
species should be assigned to a functional and structural group and ranked using a scale of 
1 to 5 based on their dependence on the attribute.  This will allow for a response guild 
analysis approach and facilitate different species groupings for the analysis of monitoring 
data. 
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The collection of species occurrence data should be standardized where possible using 
current approved sampling techniques and procedures.  Field sample transects and plots 
should be described using Terrestrial Ecosystem Mapping standards, especially using 
structural stage, and stand modifiers (strata and composition). 
 
In summary, we provide the following recommendations: 
 

• Research needs to be directed at gaining a further understanding of the life history 
requirements, population sizes, and distributions for less well-known potential 
candidate species.  

 
• A pilot monitoring program should be implemented to gather baseline data for each 

biogeoclimatic subzone.  This should allow further refinement of the potential 
candidate species list (i.e., some species could be dropped and others added) 

 
• A comprehensive monitoring program that incorporates stand, landscape, sub-

regional and regional population changes of high priority and other species needs to 
be designed, developed and implemented. This includes both assessment of the 
current status of populations, their relative risks given current management 
practices, and monitoring of short- and long-term trends in candidate species (from 
Ruth 2000).  

 
• An increased understanding of the responses of bird and mammal populations to 

various silvicultural treatments is needed. Research needs to address habitat 
relationships at multiple spatial scales, from local sites to landscape and regional-
level analyses and be monitored over longer timer periods. 
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Appendix 1. Native terrestrial forest-dwelling vertebrates potentially breeding in the Prince George 
TSA. 
 
 



APPENDIX I Native terrestrial forest-dwelling vertebrates potentially breeding 
in the Vanderhoof Forest District. 
x = breeding or wintering; o = present but no confirmed record of breeding/nesting
Relative Abundance Symbols for each Biogeoclimatic subzone after Stevens (1995)**
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AMPHIBIANS
Order Caudata
Long-toed Salamander x C C C C C C Y       Y 3 3

Order Anura
Spotted Frog x C C C C C C Y    Y Y  3 2
Pacific Treefrog x c Shr Y     Y 3 2

Western Toad x C C C C C C Y     Y 3 2

Wood Frog x C C C C C    Y Y 3 2

REPTILES
Order Squamata

Common Garter Snake x c c Y    Y Y 2 2

Western Terrestrial Garter Snake x c  Y  2 2

BIRDS
Order Ciconiiformes

Great Blue Heron o sm sm sm SwM SwM B (R) Y Y  Y  3 1

Order Anseriformes

Barrow's Goldeneye x PSaw PSaw PSaw PSa PSa sm  Y Sec Y Y 4 3

Bufflehead x PSa PSa PSa PSa PSa ps Y Sec Y Y 4 3

Common Goldeneye x c c sm ps ps ps (R) Y Sec Y 4 3

Common Merganser x PSaw PSaw PSaw ps ps ps  Y Sec  Y 4 3

Harlequin Duck x ps ps ps ps ps ps Shr Y  Y 2 2

Hooded Merganser x c c c sm sm ps Y Sec Y 4 3

Wood Duck o Y Sec Y 4 1

Order Falconiformes

American Kestrel x PsA PsA PsA sm sm sm (R) Y Sec Y 3 2

Bald Eagle x PSAw PsAw PSAw swM swM ps (R)  Y  Y 3 2

Cooper's Hawk x sm sm sm sm sm sm (R)   Y Y  3 2

Merlin x sm sm sm sm sm sm Y   3 2

Northern Goshawk x c c c c c c R Y Y   4 2

Osprey x PSa PSa PSa PSa PSa  Y Y Y 3 2

Red-tailed Hawk x sm sm sm sm sm sm  Y  Y R+ 2 2
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Sharp-shinned Hawk x swM sM sM sM sM sM (R)  Y Y   3 2

Order Galliformes

Blue Grouse x c c c c c c R  Y   O  Y R+ 4 2

Ruffed Grouse x C C c c c R Y    O Y Y R+ 3 3

Spruce Grouse x c c c c c c R  Y O Y 4 3

Order Charadriiformes

Sandhill Crane x ms ps m ps ps B Y Y  R+ 2 2

Greater yellowlegs x ps ps ps ps ps m Y  Y Y R+ 2 2

Lesser yellowlegs o m m m ps ps m Y  Y Y R+ 2 2

Spotted Sandpiper x PS PS ps pa pa ps R Y Y  R+ 2 2

Solitary Sandpiper x ps ps ps ps ps sa Y  Y Y R+ 2 2

Bonaparte's Gull x Ps Ps Ps sm sm ps Y  Y Y R+ 2 2

Order Columbidae

Mourning Dove x sa s  Y    Y  Y Y 2 3

Band-tailed Pigeon o m Y    Y  Y Y 2 1

Order Strigiformes

Barred Owl x aw ps R Y Sec  Y 5 3

Boreal Owl x pw p c c c c R Y Sec Y 5 3

Great Gray Owl x a w sm R  Y Y 3 2

Great Horned Owl x c c c c c c R Y   Y R+ 3 3

Long-eared Owl x psw ps R Y Y Y R+ 3 2

Northern Hawk Owl x c c c R Y Sec  5 2

Northern Pygmy Owl x sm R Y Sec Y Y Y 5 2

Northern Saw-whet Owl x w pw saw R  Y Sec  Y  5 3

Order Caprimulgidae

Common Nighthawk x S S pS S pS N Y    2 3

Order Apodiformes

Vaux's Swift x s s s N  Y Sec Y   5 1

Calliope Hummingbird x PS PS PS PS N M Y Y Y 2 2

Rufous Hummingbird x PS PS PS PS PS PS N Y    Y 2 2
  

Order Piciformes 

Black-backed Woodpecker x c c c c c c R Y P Y 4 2
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Downy Woodpecker x c c c c c c R Y P Y   5 3

Hairy Woodpecker x c c c c c ps R Y P  Y Y  3 3

Lewis' Woodpecker o s B  Shr Y  P  Y  4 2

Northern Flicker x PSa PSa PSa SwM SwM  Y  P Y Y 3 3

Pileated Woodpecker x c c sm c c ps R Y P   Y 5 3

Red-naped Sapsucker x ps ps ps ps Y P Y   3 2

Red-breasted Sapusker x ps ps ps ps ps Y P Y   4 3

Three-toed Woodpecker x c c c c c c R Y P Y 4 3

Yellow-bellied Sapsucker o s Y P Y 4 2

Order Passeriformes

Alder Flycatcher x Sb ps ps ps ps N H Y Y Y 3 3

Pacific-slope Flycatcher x s    Y Sec  Y 3 3

Dusky Flycatcher x ps ps ps ps ps  H Y Y Y Y 4 3

Eastern Kingbird x s s s s s N M Y     Y Y 2 2

Hammond's Flycatcher x ps ps ps ps ps ps N    Y Y Y R+  4 3

Least Flycatcher x s s s N Y  3 3

Olive-sided Flycatcher x ps ps ps ps ps s N Y    Y Y Y 4 3

Say's Phoebe x   Y R+ 3 3

Western Kingbird x N Y   2 3

Western Wood-pewee x ps ps ps ps ps N Y    Y Y  2 3

Willow Flycatcher o N H Y Y  Y R+ 4 3

Tree Swallow x Ps Ps Ps Ps Ps ps N  Y   Sec   3 3

Violet-green Swallow x sm sm sm sm sm s N  Y   Sec Y Y 3 3

American Crow x SMw SMw SMw SMw SMw sm Y       Y 2 3

Common Raven x psAW psAW psAW c c c R    Y Y   2 3

Black-billed Magpie x * * c c c R  Y Y   R+ 2 3

Clark's Nutcracker x sa sa sa c c c R Y Y   4 3

Gray Jay x c c c c c c R   Y Y   2 3

Steller's Jay x c c c c c c (R)    Y  Y  4 3

Black-capped Chickadee x c c c c c R Y    wP Y  R+ 4 3

Mountain Chickadee x c c c c c c R    Y wP  Y   4 2
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Boreal  Chickadee x c c c c c c R Y wP  4 2

Chestnut-backed Chickadee o * c * R Y   wP   Y 4 2

Red-breasted Nuthatch x c c c c c c R  Y wP  Y   Y 5 3

White-breasted Nuthatch x R   Y wP    Y 5 2

Brown Creeper x c c c c c c R  Y Cv Y   Y 5 2

House Wren o  Y    Sec   Y 3 2

Winter Wren x c c c c c c (R)  Y Cv Y  Y    4 2

American Dipper x c c c c c mw R Y   Y  2 3

American Robin x PSaw PSa PSa SM SM sm (R) Y    Y Y Y  2 3

Golden-crowned Kinglet x c c c c c c (R)   Y Y Y  Y 5 3

Hermit Thrush x ps ps ps sm sm s N Shr Y     Y    Y 4 3

Mountain Bluebird x sm sm sm sm sm ps Y  Sec Y  Y 3 3

Ruby-crowned Kinglet x c c c c c c (R)   Y Y    4 3

Swainson's Thrush x ps ps ps ps ps N H Y    Y  Y   4 3

Townsend's Solitaire x sm sm sm sm sm sa  Y    O   Y  Y 3 3

Varied Thrush x sm sm sm sm sm sm (R)  Y   Y Y  Y 4 3

Veery x ps ps N  Y  Y 3 2

Gray Catbird x N H Y Y Y Y 3 3

Northern Mockingbird o H Y Y Y Y 2 1

Bohemian Waxing x psAW psAW psAW psAW psAW c Y    Y   2 3

Cedar Waxing x sm sm sm sm sm N Y   Y   2 3

Northern Shrike o mw mw mw mw mw a Y Y Y 2 2

European Starling x SMw SMw SMw SM SM sm Y Y 2 3

Solitary  vireo x sm sm sm sm sm N M Y      3 3

Red-eyed Vireo x sm sm sm ps ps N H Y   Y   4 2

Warbling Vireo x sm sm sm sm sm N M Y   Y   4 3

American Redstart x sm sm sm sm sm sa N  Y  Y 3 3

Blackpoll Warbler x sm sm sm sm sm sa N Y Y Y Y 3 3
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Brown-headed Cowbird x ps ps ps ps ps N  Y     Y 3 3

Chipping Sparrow x sm sm sm sm sm s    Y   Y  3 3

Clay-colored Sparrow x s s M Y  Y 4 2

Common Yellowthroat x sm sm sm sm sm sa N H Y Y Y Y 3 3

Dark-eyed Junco x sMw sMw sMw sMw sMw sm (R) Shr Y        2 3

Lazuli Bunting o  H  Y     2 3

Lincoln's Sparrow x sm sm sm sm sm   Y  Y Y R+ 4 3

MacGillivray's Warbler x sm sm sm sm sm sa N H  Y Y Y  4 3

Magnolia Warbler x N Y 4 3

Nashville Warbler x sm sm sm sm sm N Y   Y Y R+ 3 2

Northern Oriole x s N Y  Y Y Y 3 3

Northern Waterthrush x sm sm sm sm sm sa N Shr Y Y 3 3

Orange-crowned Warbler x sm sm sm sm sm sa N M Y     3 3

Ovenbird o s N Y 3 1

Rusty Blackbird x sm sm sm sm sm ps M Y    Y 3 3

Tennessee Warbler x sm sm sm N Y    Y  2 3

Townsend's Warbler x sm sm sm sm sm sa N Y    Y Y  3 3

Western Tanager x ps ps ps ps ps N Y Y   4 3

Wilson's Warbler x sm sm sa sm sm sa N Shr  Y Y Y Y 4 3

White-throated sparrow x sm sm H R+ 3 3

Golden-crowned sparrow x ps ps ps m m H Y 3 3

White-crowned sparrow x sM sM sM sM sM s H Y Y 3 3

Yellow-rumped Warbler x sm sm sm sm sm sa Y   Y Y R+ 3 3

Yellow Warbler x sm s * sm sm N H Y Y Y  4 3

American Goldfinch o ps M Y Y 2 3

Cassin's Finch x    Y  Y   3 3

Common Redpoll x MW MW MW MW MW mw H Y Y 3 3

Evening Grosbeak x psAW psAW psAW c c sm R  Y  Y   3 3
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Pine Grosbeak x c c c c c sm R    Y Y 3 3

Pine Siskin x C C C C C C (R)  Y    Y   4 3

Purple Finch x sm sm sm sm sm (R)   Y Y  Y 4 3

Red Crossbill x C C C C C c R  Y Y Y 5 3

White-winged Crossbill x c c c sm sm c R  Y Y Y 4 3

MAMMALS
Order Insectivora

Common Shrew x C C C C C C Y    Y  2 3

Dusky Shrew x C C C C C C Y    Y  2 2

Pygmy Shrew x c c c c c c Y 2 2

Water Shrew x c c c c c c Y Y 2 2

Order Chiroptera

Big Brown Bat x S S S C C Y Sec 3 3

Northern Long-eared Myotis x c c c R Y Sec Y 3 3

Little Brown Myotis x S S S S S S Y Sec Y Y  3 3

Long-legged Myotis x s s s S S S Y Sec Y  Y 3 3

Silver-haired Bat x S S S S S S Y Sec   Y Y 3 3

Hoary Bat x c B Y Sec 3 3

Western Long-eared Myotis x s s s s s S Y Sec Y 3 3

Oder Lagomorpha

Snowshoe Hare x Cc Cc Cc C C Cc Shr Y     Y  R+ 2 2

Order Rodentia

Bushy-tailed Woodrat x C C C C C C Y     Y Y 2 2

Deer Mouse x C C C C C C Shr Y    Y  Y 2 2

Heather Vole x c c c Shr  Y Y Y R+ 2 2

Long-tailed Vole x c c c C   Y   Y Y Y  2 2

Northern Bog Lemming x c c c c c C Y  Y 2 2
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Southern Red-backed vole x C C C C C C   Y  Y Y 3 2

Beaver x C C C C C C Y     Y Y 2 3

Porcupine x C C C C C C   Y O  Y  2 2

Northern Flying Squirrel x C C C C C C Y Sec Y  5 3

Red Squirrel x C C C C C C  Y Sec Y  3 3

Least Chipmunk x C C Y Y Y 2 2

Yellow-pine Chipmunk x C C C C C Y    O Y Y Y  3 2

Order Carnivora

Coyote x C C C C C C Y      R+ 1 2

Gray Wolf x C C C C C C Y     2 1

Red Fox x c c c C C C  Y   Y 2 2

Bobcat x c c c C C C Y Y     2 2

Cougar x c c c C C C   Y  Y  Y  2 1

Lynx x C C C C C C Y Y Y  Y  3 2

Ermine x C C C C C C Y     Y   Y Y 2 2

Fisher x c c c c c C B Y Sec Y   Y  Y 4 2

Long-tailed Weasel x C C C C C C Y     Y   Y R+ 2 2

Marten x C C C C C C Y Sec Y Y Y Y 4 3

River Otter x c c c C C C    Y  Y     2 2

Striped Skunk x c c c C C Y       Y R+ 2 2

Wolverine x C C C C C c B  Y  O 2 2

Black Bear x C C C C C C Y  O O Y 2 2

Grizzly Bear x c c C c c SAW B Y    O Y 3 1

Order Artiodactyla

Moose x C C C C C pSAw Shr Y    Y Y 3 3

Mule Deer x C C c S S SA Shr   Y  Y 4 3

Mountain Goat x c Shr Y Y 1 2
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Elk x c SA Shr Y    Y Y 2 2

White-tailed Deer x c sa Shr Y    Y Y 2 2

Woodland Caribou (northern ecotypex w w C C B     Y Y 4 3

Thinhorn Sheep (stonei) x B Y 2 2

1 Species are ordered alphabetically by common name within Families presented in conventional taxonomic order.
2 Designations =  "R" denotes red listed; "B", blue listed; as determined by the Conservation Data Centre from the B.C. Ministry of Environment; last updated June 1, 2002.
3 "N" indicates species is a neotropical migrant; Carter and Barker (1993); R=resident all year; (R) resident in some areas.
4 Shrub nester; "H" indicates high requirement of shrubs for nesting; "M" indicates medium requirement of shrubs for nesting (Ehrlich et al., 1988);  (Campbell et al., 
1990 a, b, 1997);  "Shr" indicates selection of shrubs for cover or forage. 
5 G=generalist species, showing little response to seral stage; species favored by particular seral stages are designated  E(early), "M"(middle), and "L"(late).
6 "Cav" indicates cavity user (P=primary, Wp=weak primary, Sec=secondary, C=crevice or cave, O=opportunistic);  DW" indicates down wood use for reproduction 
and/or feeding; "R" represents riparian association.  "Y" indicates habitat association.  "?" indicates that habitat association is unknown or not strongly expressed.
7 Strongly associated with deciduous (Dec.=Y) or coniferous (Con.=Y) Hagar et al. (1995); Campbell et al. (1990 a, b, 1997, 2001)
8 Y=statistically demonstrated to prefer edge (p<0.05); R+ = respond positively to edge (not statisticaly evaluated).
9 Y=forest interior species, statistically demonstrated to avoid edge (p<0.05).
** C = upper case letter = common; lower case "c"  = less common
P = spring; S = Summer; A = autumn; W = winter




