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1   Context 
It is impossible to directly monitor all species.  Indicators 1 and 2 are intended to provide indices 
for many species.  The ultimate measure of success in sustaining biodiversity, however, are the 
species themselves.  Moreover, some initial investment in evaluating species’ requirements can 
help to focus the monitoring of Indicator 2 more effectively.  Vertebrates are obvious candidates 
for monitoring for two reasons.  First, they elicit the greatest public concern; second, we often 
know enough about their relations to forested habitat to use their response to guide changes in 
forest planning or practice.  Among the species present in the TFL two groups are of special 
interest.  The first group includes those species whose trends can be interpreted well enough to 
be used in effectiveness monitoring to inform forest practices.  The second group includes 
species that have attracted public attention for various reasons.  Trends of species in this latter 
group often provide little insight into real or potential impacts of forest practices.  There are two 
primary reasons: 1) their major or critical habitat needs are obtained outside of forested areas, 
and 2) they are sufficiently rare that even if trends could be documented too little is known about 
their life history to inform forest practice.  Many species within the TFL fall into neither group. 
 
Forests change both naturally and under management.  Distribution of habitat suitable for an 
individual species thus changes over time.  Given the diverse habitat preferences of species 
within an area, no form of management could sustain all species everywhere.  Indicator 3 
(organisms) is intended to keep all species somewhere, and ideally account for where each 
species is likely to occur under different management regimes.  We employ two complementary 
approaches to monitoring: 1) a species accounting system, and 2) effectiveness monitoring. 
 
The species accounting system and effectiveness monitoring are complementary.  The species 
accounting system (§3) helps focus effectiveness monitoring where it will be most revealing of the 
consequences of forest management.  Effectiveness monitoring (§4) strengthens credibility of 
group membership within the accounting system, thus the credibility in maintaining all species as 
described by Indicator 3.  The species accounting system has two broad goals.  First, it accounts 
for the likely presence (where and when) of individual species over the entire TFL under different 
management regimes.  Second, by addressing likely presence and associated uncertainties it 
directs effectiveness monitoring to areas of greatest uncertainty surrounding effects of forest 
practice.  The species accounting system is described immediately following; selected species 
that appear most useful in informing forest practice are discussed under effectiveness monitoring 
in §2.  Effectiveness monitoring is intended to address specific questions or uncertainties about 
impacts of forest practice on forest-dwelling species.  It is introduced here to illustrate 
connections between the species accounting system and effectiveness monitoring, and is being 
developed in a separate document.  
 
 
2  Species not monitored 
There are two broad groups of vertebrate species that occur within the TFL but are not 
considered part of the monitoring program and are thus external to the species accounting 
system.  The first group includes species that use areas with little forest cover, such as alpine 
tundra or various man-made habitats.  These are identified within Group 6 of the Species 
Accounting System (Table 6), but no attempt is made to monitor them.  A few species using 
areas without forest cover, often man-made habitats, are of social concern (e.g., Upland 
Sandpiper, Barn Swallow).  The second group consists of species that are impractical or 
uninformative to monitor.  Some of these also are among species of social concern.  For 
example, the Whooping Crane and Peregrine Falcon have been reported from the area, but 
merely move through it during migration (transients).   
 
 
3  Species accounting system 
The species accounting system acknowledges the complexity and the high costs of monitoring by 
creating a self-correcting system that adds detail as detail appears required.  As presented here, 
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the system treats terrestrial vertebrates.  Examination of the species groups below, indicates that 
these are applicable to many species other than vertebrates.  The system itself is intended to:1  
 

1) estimate approximate amounts and location within the TFL of suitable habitat for allb 
forest-dwelling vertebrates; 

2) permit ‘scaling up’ of monitoring findings over the entire TFL, providing estimates of the 
amount of suitable habitat, including where and when, over the entire area; 

3) provide credence to Indicators 1 and 2 by evaluating species associations with those 
measures; 

4) provide trend estimates for species (as data are accumulated); 
5) focus more expensive effectiveness monitoring on areas of greatest uncertainty; and 
6) be self-correcting and increase the credibility of the system as data are acquired.  

 
The approach assigns species to the least costly form of monitoring appropriate to the species’ 
natural history.  The accounting system incorporates five groups of species determined by their 
response to forest practice and their accessibility to monitoring.  The five monitoring groups are: 
 
Group 1 – generalists, species that inhabit many habitat types or respond positively to forest  

practices; 
Group 2 – species that can be statistically assigned to broad forest types (e.g. older conifer 

stands); 
Group 3 – species with strong dependencies to specific elements (e.g. snags or shrubs), so may  

be useful in effectiveness monitoring; 
Group 4 – species restricted to specialized and highly localized habitats; and 
Group 5 – species for which patch size and connectivity are important (patches > 2 ha).  
 
Group 6 is included for completeness.  It contains species known or expected to occur in the 
area, but that are not dependent upon forested environments. 
 
Developing credible assignments of species to these groups has the compelling advantages of 
including all forest-dwelling species and associating species with the least costly form of 
monitoring.  Once there is confidence in the assignment of species to groups, focal species can 
be selected that are most informative for particular questions about the impacts of forest 
practices.  A broader description of each group, examples and associated approaches to 
monitoring is provided below. 
 
Boundaries between classes are necessarily arbitrary and influenced by: natural history features 
(primary) and the approach to monitoring (secondary).  Initial group membership is summarized 
below.  Membership is based on available local data and assessment by experts.  All vertebrates 
believed present within the TFL are included, with emphasis on those that are forest dwelling.  
The monitoring design must include the ability to continually inform assignment to groups (i.e., 
improve the efficiency of monitoring) while evaluating success in meeting the criterion of 
sustaining native species richness.  By including BEC variant in the monitoring design it is easier 
to evaluate which species are accommodated within the non-harvestable land base (NHLB). 
 
Below, we summarize relative abundances for species within groups.  These values are derived 
from Appendix I, which lists all terrestrial vertebrates known or expected to occur in the TFL.  The 
designation of relative abundance follows that originally derived for birds, the richest vertebrate 
group.  For birds it is: 
 
Common – 20 or more individuals per day in suitable habitat; moderate numbers. 

                                                 
b Group 4 species are an exception because their habitat is too finely discriminated to be included in GIS layers.  For 
these species specifically designed Standard Operating Procedures are being created so appropriate action can be 
undertaken when that habitat is encountered in the field. 
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Uncommon – 7-20 individuals per day in suitable habitat; low numbers or irregular, often 
concentrated locally. 
Casual (including rare and transient) – 1-6 individuals per season; occurs most years but 
usually few records per year.  Casual also includes transient species that may occur in the area 
regularly, but only during migration so visits to the area are short. 
 
Birds comprise about 70% of the vertebrate species in the area.  For other vertebrate groups we 
used the same terms to describe relative abundance, recognizing that they are not as readily 
observed or heard. 
 
3.1  Group 1 – Generalists, species that reproduce in a wide range of habitats, or show a 
positive response to forest harvesting (e.g., preference for early seral stages or edges).  In the 
context here, ‘generalist’ usually refers to age of stand, but also includes positive responses to 
forest practices, such as the creation of edge.  The group contains species that: 1) show no 
strong affinity to particular broad forest types, 2) respond positively to forest harvest, 3) have 
associations to particular habitat elements but find them in a variety of habitats, or 4) show strong 
affinities elsewhere but are non-breeding in the area.  Analytically, they appear as no more than 
weak associations with any particular forest type or habitat element.  Current assignments of 
species to Group 1 are summarized in Table 1. 
 
Table 1.  Current assignment of terrestrial forest-dwelling vertebrates within the TFL to the 
‘generalist’ species group.  S = statistically significant; p <0.05, s = apparent tendency , but all classes 
not tested; nt = insufficient data available for testing; blank = no data or no test attempted. Details below. 
 

Birds 
American Crow  nt 
American Robin  S 
American Tree Sparrow 
Barred Owl 
Black-billed Magpie 
Blue Grouse 
Brewer's Blackbird 
Brown-headed Cowbird  nt 
Calliope Hummingbird  nt 
Chipping Sparrow   S 
Common Grackle 
Common Raven  nt 
Common Redpoll 
Dark-eyed Junco  S 
Golden Eagle 
Great Horned Owl 
Hammond's Flycatcher  S  
Hermit Thrush   s  
Hoary Redpoll 
Long-eared Owl 
Mountain Bluebird 
Olive-sided Flycatcher  s 

Pine Siskin  S 
Rufous Hummingbird  nt 
Spotted Sandpiper  s 
Townsend's Solitaire  nt 
Turkey Vulture 
Vesper Sparrow 
Western Wood-Pewee  s  
White-crowned Sparrow nt 
 
Mammals 
Black Bear 
Bobcat 
Bushy-tailed Woodrat 
Canada Lynx 
Common (Masked) Shrew 
Coyote 
Deer Mouse 
Dusky Shrew 
Eastern Heather Vole (?) 
Elk 
Golden-mantled Ground 
   Squirrel 
Gray Wolf 

Grizzly Bear 
Least Chipmunk 
Least Weasel 
Little Brown Myotis 
Long-tailed Vole 
Long-tailed Weasel 
Meadow vole 
Mink 
Mountain Lion 
Mule Deer  
Northern Bog Lemming 
Porcupine 
Red Fox 
Shot-tailed Weasel 
Silver-haired Bat 
Snowshoe Hare 
Southern Red-backed 
  Vole 
Striped Skunk 
Western Jumping Mouse 
White-tailed Deer 
Wolverine 
 

 
 
Positive tests for generality are simply that no habitat class (broad forest type) was preferred or 
avoided.  Where all forested habitats could be tested and no selection was found, results are 
indicated S.  Where only some habitats could be statistically tested against each other, but no 
selection was apparent, results are depicted s.  Where the bird species has been detected in 
surveys but sample sizes are inadequate for testing, the species is indicated nt.   Species without 
designation have either not been detected during surveys (birds) or no test has been attempted. 
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Experts initially assessed the lack of strong affinity of Group 1 species.  As expected from the 
more generalist nature of these 71 species must are either common (25) or uncommon (26; see 
Appendix I). Initial monitoring results for selected Group 1 species are illustrated in Figure 1. 
 
Monitoring: The group requires no specific bookkeeping or accounting because they either 
respond positively to forest practice or will accommodate to a wider range of forest practice than 
will be implemented.   
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Figure 1.  Group 1 species show no strong affinity for particular broad habitat types so numbers observed 
and numbers expected are closely similar.  The Chipping Sparrow (n = 413) and Dark-eyed Junco (n =  330) 
are typical Group 1 species.   
 
3.2  Group 2 – Species that current data suggest can be assigned to broad forest types – the 
types are intended to be as simple as is credible.  Simplicity is desirable to contain costs and 
facilitate monitoring.  ‘Credible’ is determined by apparent predictability when evaluated over 
broad forest types (e.g., Figures 1 and  2).  To achieve the goals of simplicity, thus utility, we have 
begun as simply as appeared credible with the intention of adding detail as it appears necessary.  
A basic requirement of monitoring is that it can be ‘scaled up’ to apply to larger areas than 
actually are monitored.  For this group, that means that the broad forest type must be discernable 
within the GIS data.  Initial types employed are listed in Figures 1 and 2.  Both the number and 
boundaries of forest types and assignment of species to specific types acquire increased 
credibility as data are cumulated.  
 
Table 2. Current assignment of terrestrial forest-dwelling vertebrates within the TFL to the Group 2 – 
species that can be assigned to broad forest types. S = statistically significant, p <0.05; s = n small, 
preference indicated; nt = not tested because sample size inadequate;  Preferred forest types are R = 
Recent; H1 = Hardwood (30-90 yrs), H2 = Hardwood (90+ yrs), C1 = Conifer (30-90 yrs), C2 = Conifer (90+ 
yrs), MW1 = Mixedwood (30-90 yrs), MW2 = Mixedwood (90+ yrs).   
 

Recent 
Alder Flycatcher  R  S 
Common Nighthawk  
Clay-colored Sparrow  R  s 
Dusky Flycatcher  R  s  
Lincoln’s Sparrow  R  S 
Macgillivray’s Warbler  R  S 
Orange-crowned Warbler   
       R  S  
White-throated Sparrow   
     R ,H2  S 
 

Ruffed Grouse  nt 
Veery (riparian) 
Warbling Vireo (riparian)  
  C2, MW2   S 
Yellow Warbler (riparian) 
    H2  S 
 
Conifer Leading 
Bay-breasted Warbler  nt 
Blackpoll Warbler  C2,C1  s 
Black-throated Green  
    Warbler  C2  S 

Red Crossbill  C2  s 
Ruby-crowned Kinglet  C2  S 
Steller's Jay  C2  s 
Townsend's Warbler  C2  S 
Varied Thrush  C2  S 
White-winged Crossbill  C2  S 
Winter Wren  C2  S  
Yellow-bellied Flycatcher   
    R1  S 
Yellow-rumped Warbler   
     C2  S   
Northern Flying Squirrel 
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Hardwood Leading 
American Redstart  H2  S  
Baltimore Oriole (riparian) 
Broad-winged Hawk 
Connecticut Warbler 
Least Flycatcher  H2  S 
Magnolia Warbler  H2  S 
Ovenbird  H2  S 
Philadelphia Vireo  nt 
Red-eyed Vireo  H2  S 
Rose-breasted Grosbeak  
     H2  S 

Blue-headed Vireo C2, C1  s 
Brown Creeper  C2  s 
Cape May Warbler 
Clark’s Nutcracker 
Evening Grosbeak  nt 
Fox Sparrow C1,C2  S  
Gray Jay  C2  S 
Great Gray Owl 
Hammond's Flycatcher  
Palm Warbler 
Pine Grosbeak  C2  s 
Purple Finch  nt 

Red Squirrel 
 
Mixedwood 
Merlin  nt 
Red-tailed Hawk  nt 
Sharp-shinned Hawk 
Swainson’s Hawk 
Swainson's Thrush MW2  S 
Western Tanager  MW2  s 

1  Contrary to literature; n = 44 
 
 
Summaries of statistical analyses documenting habitat affinities to date for Group 1 and Group 2 
species are available from the authors.  Initial monitoring results of selected Group 2 species are 
illustrated in Figure 2. 
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Figure 2.  Group 2 species show strong affinities for particular broad habitat types.  The Alder Flycatcher (n 
=  144) much prefers early seral stages because of its positive response to shrubs while the Yellow-bellied 
Sapsucker (a keystone species) shows strong preference for older Mixedwood.    

For some species it has proven useful to incorporate the Biogeoclimatic Ecological Classification 
(BEC) variant as well as the broad forest type when determining area of suitable habitat (Figure 
3).  Associations with BEC unit combined with broad habitat are more strongly predictive for some 
species.  As well, where statistical associations with BEC unit exist they can help guide 
evaluation of amounts of habitat for that species that are in the Non-harvestable Landbase, and 
thus relatively immune from alteration.  Some species, such as Black-backed Chickadee, Winter 
Wren, Yellow-bellied Sapsucker and Yellow Warbler, show pronounced associations with BEC 
variant (Figure 3). 
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Figure 3.  Some Group 2 species also show strong affinities for particular BEC variants.  The Winter Wren 
(n = 71) prefers the ESSFwk2 variant while the Yellow Warbler shows strong preference for BWBSmw1 
variant while avoiding the SBSwk2 variant (n = 152). 

It is apparent in Table 2 that a number of species closely associated with shrubs (e.g, Alder 
Flycatcher, Dusky Flycatcher, Lincoln’s Sparrow, Macgillivray’s and Orange-crowned Warblers) 
are statistically associated (p < 0.05) with recently logged areas.  That suggests that harvest and 
vegetation management is not having an impact across the entire 30-year period spanned by the 
youngest habitat type.  It is gratifying that initial associations of species to habitat classes was 
largely affirmed (Tables 1 and 2), suggesting that other species assignments are largely credible.  
The single exception between anticipated and documented findings was the Yellow-bellied 
Flycatcher, that was statistically associated with recent cutovers, contrary to published affinities 
for conifer forest.   The species forages mainly in the understory, especially in lower dense 
vegetation, especially in conifers and shrubs.  It nests on the ground, usually hidden from above 
by vegetation.  It is a strong candidate for reassignment to Group 3, shrubs.  

It is important to recognize that forest type classes are determined by how fine the GIS layers can 
be readily evaluated.  For example, if the species responds to small groups of shrubs or 
hardwoods that are not readily tracked in current data, the species would be assigned to Group 3 
and accounted for differently.  That is, practical limitations of monitoring also guide the 
assignment of species to groups. 
 
In the current assessment 53 species were assigned to this group.  Of these, 23 occur commonly, 
16 are uncommon and 9 are casual.   
 
Monitoring:  Accounting for Group 2 need only be a tabular summary of area of preferred forest 
age x composition classes, modified by BEC unit where appropriate and weighted by probability 
of occurrence.  Where local data were limited, during the initial assignment of species to groups 
experts sometimes disagreed in assignment of species within Groups 1, 2 or 3.   One goal is thus 
to devise a monitoring program that gradually acquires sufficient data to lend credibility to the 
assignment of species to specific Groups so the most appropriate monitoring can be employed.  
That increases both credibility and efficiency of monitoring.  It may prove impractical to acquire 
adequate sample sizes to confidently assign casual species to forest types within this group.  In 
other instances, Group 2 may prove an inadequate predictor because of a stronger role for 
habitat elements.  For example, Connecticut Warbler is initially assigned to Group 2, by virtue of 
its affinity for hardwood stands, but not all hardwood stands will contain the appropriate 
understory.  Conversely, some species that might be assigned to Group 3 based on their strong 
affinities for shrubs, are statistically associated with the youngest age class, suggesting that this 
age class effectively captures their requirement for shrubs (Table 2).  It also suggests that 
vegetation management is not having a strong impact on shrub abundance within the 30-yr span 
of that age class.   
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3.3  Group 3 – Species with strong dependencies on specific elements (e.g. snags or shrubs).  
Some of these species are generalists with respect to stand age, provided that the specific 
habitat elements required are present.  For example, several cavity-nesting ducks require 
relatively few cavity sites within riparian forest; the stand or forest as a whole need not be old.  
Species enter this group for two reasons.  The first, and least useful, was to attain a sense of 
completeness within the accounting system.  Many species within the group rely on wetlands or 
lakes that can be surrounded by forest, but generally are little affected by adjacent forest 
practices (e.g., American Bittern, Mallards).  These species are much more dependent on the 
wetland or lake than they are on adjacent forest cover, but are included within group 3 as 3(r) or 
3(w) to show their affinity to lakes or wetlands.  A second, and more important, reason is a 
dependency upon specific habitat elements that appears sufficiently strong that broad forest type 
classes may prove inadequate.  Species from this latter subset are believed to be closely related 
to habitat elements directly altered by forest treatment and thus could be revealing in 
effectiveness monitoring (e.g., shrubs and vegetation management).  For example, of the Hairy 
Woodpecker observations, 31% occurred in old conifer-leading, 31% in old hardwood-leading and 
23% in old mixedwood.  The key attribute is age and available cavity sites, rather than leading 
species.  Similarly, there were sufficient observations of the Mourning Warbler to test for affinities 
with Group 2 forest types, but no preference was demonstrated, suggesting that it is keying into 
some other habitat attribute, perhaps shrubs.  Some species designated 3(r) are dependent upon 
the mix of attributes that riparian forests confer. 
 
Recent habitat sampling during monitoring includes indices of major habitat elements (e.g., 
approximate shrub cover).  Assignments of species to Group 3 will likely change as data are 
acquired.  Response of Group 3 species to habitat elements sampled during monitoring will help 
reveal candidate species most useful for effectiveness monitoring.  In that way, evaluating Group 
3 also serves to evaluate the credence of Indicator 2.  Initial assignments to Group 3 are 
summarized in Table 3. 
 
Table 3.  Current assignment of terrestrial forest-dwelling vertebrates within the TFL to the Group 3 – 
species with strong dependences on particular habitat elements.  Codes as for Tables 1 and 2 plus G = 
generalist or no preference shown for broad habitat classes. 
 

WETLANDS 
Amphibians 
Boreal Chorus Frog 
Columbia Spotted Frog 
Long-toed Salamander 
Western Toad 
Reptiles 
Common Garter Snake 
Birds 
American Bittern 
American Coot 
American Widgeon 
lue-winged Teal 
Bonaparte's Gull 
Canada Goose 
Cinnamon Teal 
Common Grackle 
Eared Grebe 
Gadwall 
Greater Yellowlegs 
Green-winged teal 
Hooded Merganser 
Horned Grebe 
Lesser Scaup 
Lesser Yellowlegs 
Mallard 
Marsh Wren 

Solitary Sandpiper 
Song Sparrow  nt 
Sora 
Swamp Sparrow 
White-winged Scoter 
Wilson’s Phalarope 
Wilson’s Snipe  nt 
Yellow Rail 
Yellow-headed Blackbird 
Mammals 
Arctic Shrew 
Beaver 
Muskrat 
 
RIPARIAN 
Birds 
American Dipper 
Barrow's Goldeneye 
Belted Kingfisher 
Black Tern 
Black and White Warbler  nt 
Bohemian Waxwing 
Bufflehead 
Canvasback 
Common Goldeneye 
ommon Loon 

CAVITY SITES 
Birds 
American Kestrel 
American Three-toed  
   Woodpecker  nt 
Black-backed Woodpecker  nt 
Black-capped Chickadee  C2,  
     H2  s 
Boreal Chickadee 
Boreal Owl 
Downy Woodpecker 
Hairy Woodpecker 
House Wren 
Northern Flicker  G  s 
Northern Hawk Owl 
Northern Pygmy Owl  Northern 
Saw-whet Owl 
Pacific Slope Flycatcher   
     C2   S 
Pileated Woodpecker  nt 
Red-breasted Nuthatch  s 
Tree Swallow  nt 
Violet-green Swallow  nt 
White-breasted Nuthatch  nt 
Yellow-bellied Sapsucker  
     H2  S 
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Northern Harrier 
Northern Pintail 
Northern Shoveler 
Osprey 
Palm Warbler 
Pied-billed Grebe 
Redhead 
Red-necked Grebe 
Red-winged Blackbird  nt 
Ring-necked Duck 
Ruddy Duck 
Rusty Blackbird 
 

Common Merganser 
Common Yellowthroat  nt 
Eastern Kingbird 
Harlequin Duck 
Northern Waterthrush  G 
Surf Scoter 
Willow Ptarmigan 
Mammals 
American Water Shrew 
Northern River Otter 
 

SHRUBS 
Birds 
Cedar Waxwing  nt 
Mourning Warbler  G 
Northern Shrike 
Tennessee Warbler   G  S 
Wilson’s Warbler  C2  S 
Mammals 
Moose 
 
LARGE LIVE TREES 
Birds 
Bald Eagle  nt 

 
 
Because of the inclusion or riparian and wetland species, this is the largest group, with initial 
estimates assigning 94 species to Group 3.  Of these, 47 occur commonly, 37 uncommonly, and 
12 are only casual or transient within the TFL.  Dependencies currently invoked are: wetlands (48 
species), riparian (19 species), snags or cavity sites (21 species), shrubs (6 species), and large 
live trees.  These groupings could shift somewhat.  Sampling to date has not been included direct 
sampling of the habitat features considered.   For example, currently some species with strong 
affinities for shrubs are assigned to Group 2 because they are statistically associated with the 
youngest age class, rather than known shrub abundance.  Similarly, shrubs themselves may 
prove an inadequate descriptor of the understory layer, because some species respond more to 
herbaceous understory.  Tests of affinities for cavity sites were not direct, and reflect only 
statistical associations with older age classes where snags are more abundant.  Many species 
use both riparian areas alongside rivers and large lakes as well as wetlands around smaller 
ponds and sloughs (e.g. Northern Waterthrush, American water shrew, beaver).  We tried to 
assign them to the type most commonly used, but that was based more on general than on local 
knowledge.  Provided both wetlands and riparian habitat are protected the distinction does not 
matter.  As noted, species unlikely to be affected by activities around wetlands or water bodies 
also are included for completeness, but are not likely to be helpful during effectiveness 
monitoring.  Hardwoods will be added if monitoring species with strong affinities with hardwoods 
within Group 2 proves insufficient.  It also is misleading to assume that only one species currently 
is dependent on large live trees (Bald Eagle).  Some species rely greatly on large snags (e.g., 
some owls).  Large snags are derived only from large trees.  Current analyses suggest that in 
responses to shrubs often are adequately represented by the early seral stage (Figure 2).   
 
Monitoring:  There are two broadly different ways of accounting for these species.  To scale up 
and evaluate potential changes in management planning and practice, one choice could be to 
project the habitat elements either on their own or through structure classes, the other is to 
evaluate effects of standard operating practices.  The first approach is more precise and possibly 
more accurate, but potentially less credible because of interactions among habitat elements.  
However, it is likely that prediction is most reliable using broad classes of habitat variables, and 
models likely could accurately discriminate such classes.  Coastal experience indicates that 
habitat structure classes can be quite wide and remain usefully predictable.2  Alternatively, 
habitat information collected during recent species monitoring may permit creation of broad 
classes of specific habitat elements that apply to many species.  If such broad classes prove 
predictive and species can be credibly assigned to those classes, the accounting again devolves 
to a tabular look up of the area within specific structure classes provided these classes can be 
discriminated within the GIS layers.  For species closely tied to shrubs current information i
confusing.  Analyses of habitat preference associated with Group 2 species shows many shrub 
associates preferring recently logged areas, suggesting little impact of vegetation management.
Because direct measures of shrubs were lacking, we tried to link BBS stations to time since 
vegetation management (Figure 4).  Nests of Macgillivray's Warbler always are concealed by 
shrubs and dense undergrowth, so responses illustrated in Figure 4 are confusing, suggesting 
more direct assessment would be useful.   With direct measures of shrub height and cover it 

s 
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might prove possible to create broad classes that were predictive of species abundance.  
Whatever approach is taken, it must be evaluated by testing whether the species occur where the 
GIS layers say they should occur. 
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Figure 4. Group 3 species show responses to specific habitat elements.  Shrubs were not directly sampled 
in TFL 48, so responses of shrub were evaluated by time since vegetation management.  The only shrub 
nester showing a significant response was Macgillivray's Warbler (n = 41, based on 334 stations with 
vegetation management).  
 
The second quite different method to ‘accounting’ for Group 3 species is by evaluating current 
standard operating procedures or guidelines for practice.  Initially, this involves effectiveness 
monitoring.  For example, are the species known to require wetlands or riparian actually present 
under current operating practice around streams and wetlands? or Do vegetation management 
practices have a measurable impact on shrub-associated species and over what time period?  
Once a direct relationship between treatment and response is established it may be possible to 
evaluate likely responses; for example, using only the area of shrubs treated annually.   Once 
such relations have been established, only implementation monitoring to ensure that appropriate 
standards are consistently followed is necessary.  Note that appropriate riparian guidelines would 
meet primary requirements for 55 of the 94 species in Group 3.  Analogous approaches to 
monitoring (effectiveness, then implementation) can be developed for snags or other habitat 
elements.   
 
The current monitoring design for Group 3 needs refinement to address both effectiveness 
monitoring of current practice at sustaining species with strong dependencies on specific habitat 
elements and the credibility of existing structure classes for scaling up.  The challenge in scaling 
up is that these classes must be recognizable within the GIS base.  
 
When species that have the attributes of Group 3 are highly localized they are assigned to Group 
4.  They are better suited to the management and monitoring approach of Group 4.    
 
3.4  Group 4 – Species restricted to specialized and highly localized habitats.  Boundaries of 
this group cannot be firm because the degree of habitat specialization and localization is variable.  
For that reason membership in the group can change regionally.  For example, the appropriate 
habitat could be rare and highly localized in the TFL but less so elsewhere (e.g., LeConte’s 
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Sparrow).  Thus membership is guided by local knowledge and data.  The intent of the grouping 
is to recognize localized habitat types that are too rare to be accommodated in broader groupings 
or more general approaches to forest practice, yet merit specific consideration during forest 
management.  The objectives for this group are:  
 

1) flag species with potentially localized habitats for discussion with MoE and appropriate 
experts, and 

2) to determine species for which management is easiest when the specialized habitats can 
be recognized and treated by specifically designed Standard Operating Procedures when 
encountered.   

 
Table 4 summarizes the current candidate species for Group 4. 
 
Table 4.  Current assignment of terrestrial forest-dwelling vertebrates within the TFL to the Group 4 – 
species restricted to specialized and highly localized habitats. 
 

Amphibians 
Wood Frog 
 

Birds 
Canada Warbler  nt 
LeConte’s Sparrow 
Sandhill Crane  
Nelson’s Sharp-tailed  
  Sparrow 
Sharp-tailed Grouse 
Trumpeter Swan 

Mammals 
Mountain Goat 
Thinhorn Sheep 

 
 
Specifically designed standard operating procedures have been created to sustain habitat for 
these species.3  Procedures have been developed for more species than are listed in Table 4. 
Species’ ranges change and it is possible that other species not currently breeding within the TFL 
will come to breed there.  As a precautionary principle, standard operating procedures have been 
created for Peregrine Falcon, Short-eared Owl, and Trumpeter Swan should nests of these 
species be encountered.  
 
Standard operating procedures for Group 4 species focus on specific localized areas – habitat, 
nests, or winter ranges – within the forest.  They are expected to be only weakly associated with 
broad forest  types. 
 
Monitoring:  The initial step is to assess localization and specialization of habitats for which the 
management approach of specifically designed standard operating procedures merits attention.  
Once that is completed, adequate descriptions must be prepared and tested to determine 
whether they permit field practitioners to recognize the habitat when encountered.  If the 
descriptions prove workable, there is no need to attempt to account for the species directly, but to 
assess (through implementation monitoring) whether the specifically designed standard operating 
procedures are being followed as intended. 
 
 
3.5  Group 5 – Species for which distribution of habitat has a substantial additional effect 
beyond amount of habitat (Table 5).  These species frequently are defined by negative responses 
to edge that influences effective patch size.   
 
Table 5.  Initial assignment of terrestrial forest-dwelling vertebrates within the TFL to the Group 5 – species 
for which distribution of habitat can govern availability of suitable habitat.  
 

Birds 
Golden-crowned Kinglet  C2,c1  S 
Northern Goshawk  nt 
Spruce Grouse 

Mammals 
American Marten 
Fisher 
Caribou 
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Within this group connectivity relative to dispersal can influence the amount of (connected) 
habitat available for use.  The life histories of species within the group determine the most 
effective index.  For example, movement capabilities of most birds make connectivity a less 
important index of suitable habitat that it may be for small mammals.  Of Group 5 species in the 
DFA, only the mammals are likely to be influenced by connectivity and, of these, perhaps only the 
caribou significantly.   
 
Whether evaluating for patch size or connectivity the preferred habitat must be known.  Patch 
size is most influential for the three birds species.  Habitat preference within the TFL has been 
established for the Golden-crowned Kinglet (Table 5, Figure 5).  There have been too few 
observations to establish regional preferences for the other two species.  The Spruce Grouse is 
reported to prefer relatively young successional, conifer stands (not necessarily spruce).4   
Despite differences in species composition of conifers, these birds seem to use similarly 
structured forests: stands that are relatively dense (2,500 to 3,500 stems per ha), 7–14 m in 
height, with a relatively well-developed middle story.4  The Northern Goshawk is more eclectic 
and nests in most forest types found throughout its wide geographic range.5  Forest stands 
containing nests are often small, about 10–100 ha.6  
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Figure 5.  The Golden-crowned Kinglet is largely restricted to older conifer stands (n = 236). 
 
Monitoring: Accounting for these species exploits one of two approaches, depending on the 
natural history of the species.  For species that are highly mobile, but not wide-ranging within a 
large home range or territory, suitability can be assessed simply by the distribution of patch sizes 
or edge effects of favourable habitat types (e.g., forest types C1 and C2 for Golden-crowned 
Kinglet).  There also is evidence that species avoids edges (Figure 6).  Figure 6a shows detection 
probability as a function of sampling method, accounting for the fact that there were different 
numbers of stations sampled (119 roadside BBS stations; 3 x 20 = 60 forest interior stations). 
 
The Golden-crowned Kinglet was detected more frequently away from the road edge.  The 
distribution of distance suggests that the apparent edge distance is no greater than 200m.  
Combining the results of Figures 5 and 6, we examined the amount of conifer stands >90 years 
old and more than 200 m from an edge within the Non-harvestable Landbase (NHLB).   That area 
was 107,084 ha, indicating that there is ample habitat for the Golden-crowned Kinglet. 
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Figure 6.  Probability of detection of the Golden-crowned Kinglet. a) Roadside versus forest interior 
stations.  b) Distance from the roadside from both BBS and forest interior plots. 
 
 
For species that are largely restricted to a few forest types or age classes and that to satisfy 
some need (usually foraging) also must range widely, then connectivity of favoured habitat 
classes may be important.  For marten and fisher it is unclear what habitat types would be 
evaluated for connectivity for the evaluation to be informative.  Although the marten uses a wide 
range of habitats (riparian areas, rocky sub-alpine, meadows, forest edges), their preference in 
some areas is for older, more closed canopies with down wood and well-developed understory 
layers that support their prey base.7  Connectivity analyses of such habitat types could be 
conducted.  It is, however, difficult to derive inferences from such measures for marten because 
studies including forest edges have found marten to use edges preferentially because of greater 
prey abundance.8  Moreover, Mark Phinney (pers. comm.) reports that the radio-tracking study of 
fisher has in some locations deliberately avoided areas dominated by large conifers to avoid 
trapping marten.  They still trapped marten at these sites and in community pastures where cattle 
have simplified the understory.    
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Figure 7.  Patch size distribution of favourable fisher habitat (BWBSmw1 variant) in the Non-harvestable 
landbase of TFL 48.                      

 14



Much the same is true for fisher.  Fishers are found in a wide range of forested landscapes, in 
many instances mesic, dense, late-successional coniferous or mixedwood forest.  Often the 
forests used have high structural complexity, including large trees and snags, canopy gaps and 
associated understory vegetation, downed wood and limbs near ground.  These habitat 
components provide cover from predators, denning and resting sites, and encourage prey 
populations.9  Structurally complex and mesic riparian forests are particularly preferred.  They 
tend to avoid open areas with no understory or shrubs and usually require forest habitat with at 
least 30% canopy closure for movement.10  Fishers east of the Rocky Mountains (as in TFL 48) 
appear to be more adaptable in terms of habitat requirements, than studies west of the Rockies 
suggest.  In particular, they definitely are not restricted to mature and old conifer or mixed forest 
and patch size and connectivity do not appear to be to be important determinants.11    
 
Despite the equivocal nature of their use of space, we can analyze potential fisher habitat 
because the radio-tracking of fisher to date in the area has found them exclusively in the 
BWBSmw1 variant, although a variety of forest cover types were used.12  Figure 7 illustrates the 
area in contiguous patches of different sizes within the NHLB of TFL 48.  Most potential fisher 
habitat in the NHLB is in patches of 100 ha plus and much is in patches of 1000 plus (Figure 7).  
The NHLB is reserved from harvest.  Total potential habitat exceeds the amount noted, because 
areas within the THLB also are used.  Like the Golden-crowned Kinglet, the fisher appears 
accommodated within the NHLB and special measures to sustain its habitat appear unnecessary. 
 
For caribou, Canadian Forest Products has committed to working with the BC Ministry of 
Environment to implement a caribou recovery strategy.  The appropriate monitoring is thus 
implementation monitoring to assess whether the company’s actions are compliant with the plan. 
 
From the preceding description of groups it should be apparent that employing the species 
accounting system is iterative and also self-corrective.  The monitoring itself can be corrected by 
potentially revealing additional habitat features that may serve to discriminate among groups 
(e.g., Group 2 and 3).  Species that prove to be better accommodated in another class are 
reassigned to that class.   
 
3.6  Group 6 – Is not monitored.  It is included for completeness to note species that occur 
within the area but that are very unlikely to be affected by forest practices.  These species and 
their major habitat affinities are summarized in Table 6.   
 
Table 6.  Initial assignment of vertebrate species occurring within the area of TFL 48 but are unlikely to be 
affected by forest practices by virtue of the preference for non-forested areas. 
 

Largely restricted to areas above treeline 
American Pipit 
Golden-crowned Sparrow   R  S 
Gray-crowned Rosy Finch 
 

White-tailed Ptarmigan 
Hoary Marmot 

Rely primarily on habitats created or modified by human activities 
other than forestry 
Bank Swallow  nt 
Barn Swallow  nt 
Blue Jay 
Cliff Swallow 
Eastern Phoebe 
Horned Lark 
Killdeer 
Northern Rough-winged Swallow 
 

Savannah Sparrow    non-for  S 
Short-eared Owl  
Snow Bunting 
Snowy Owl 
Upland Sandpiper 
Bison 
Woodchuck 

Breed primarily on poorly accessible islands 
Herring Gull  
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Habitat preference of the Savannah Sparrow is illustrated in Figure 8. 
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Figure 8.  The Savannah Sparrow shows strong preference for non-forested habitats (n = 21). 
 
The fact that the Golden-crowned Sparrow is statistically associated with recently cut areas likely 
reflects both its strong affinity for shrubs and the fact that it is simply passing through these areas 
on its way to higher elevations to breed.   It has been retained in Group 6.  Because surveys were 
largely restricted to forested areas, few data were obtained that permitted testing of Group 6 
species.  Nonetheless, the Savannah Sparrow did show a preference for the few non-forested 
sites sampled, as predicted.   
 
 
4  Effectiveness Monitoring 
 
4.1  Context 
Both implementation and effectiveness monitoring are required to assess the likelihood that 
vertebrate richness is sustained within the TFL.  Implementation monitoring asks the question, 
“Have we done what we said we would?”  It assesses whether the company is following its own 
internal guidelines.  Some of these guidelines have been developed specifically to sustain 
vertebrate species.  Obvious examples are the standard operating procedures developed for 
highly localized Group 4 species.3  More generally, implementation monitoring applies where it 
already has been established that particular operating practices are effective, so simply checking 
whether these practices are being followed is sufficient.  Effectiveness monitoring addresses the 
question, “Did our actions achieve our objectives?”   Implementation monitoring is employed 
when the effect of planned actions is unclear.  It is used to determine whether the plans or 
practices implemented actually meet the anticipated outcomes; that is, are they effective?13   
 
Canadian Forest Products employs the criteria and indicator framework.  The desired outcome 
expressed for sustaining biodiversity within TFL 48 states:  
 
Biological Diversity Criterion:  Native species richness and its associated values are sustained 
within the TFL.  
 
The indicator relating specifically to organisms states: 
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Indicator 3:  Productive and well-distributed populations of forest dwelling species are sustained 
over time.  
Two points are important.  First, there are three broad indicators (ecosystem representation, 
habitat structure, and organisms) and each is intended to contribute to sustaining native species 
richness and its associated values.  When implemented effectively, the indicators complement 
each other to both increase credibility and reduce the costs of monitoring.  The relative cost of 
applying these indicators increases from ecosystem representation through organisms.  One goal 
in designing the monitoring is to credibly exploit ways in which the three broad indicators 
complement each other and to use their complementarity to reduce monitoring costs.   Integration 
of indicators is discussed further in §4.2 Focus and integration.  The second important point is 
that there is a great number of species, even among vertebrates. 
 
Because monitoring all species is impossible, efforts have invariably focused on selecting a 
relatively small number of species to monitor with the goal of meeting the needs of more species.  
The literature addressing the problem is rich in terms to describe the selected species:  focal 
species, surrogates, management indicators, population indicators, guild indicators, condition 
indicators, biodiversity indicators, composition indicators, species at risk, featured species, 
umbrella species, keystone species, flagship species.14  Species determined on the basis of 
public input (e.g., Public Advisory Committees) could be considered featured species.   
 
Kremsater and Bunnell15 noted that each approach for selecting species to monitor has its 
weaknesses.  For example, flagship species are usually those of high public profile, but are often 
not fundamental to the rest of the community and often require prohibitively large resources to 
monitor.16  Using umbrella species, those whose needs encompass those of many other species, 
is an attractive concept, but whether other species really fall ‘under the umbrella’ is often more a 
matter of faith than of evidence.17  Monitoring keystone species, those that play critical roles in a 
community, also has promise,18 but keystone species are difficult to identify and the notion that 
only a few species are critical to the ecosystem is contrary to some theories of community 
ecology.  The complexity of ecological interactions and ignorance about them argue against the 
strict application of keystone species as focus for monitoring.19  While the use of indicator species 
has become a general concept, it often is difficult to know what the selected species are intended 
to indicate.  A few featured species will always fail because they will not encompass the range of 
biodiversity specified in the Criterion.  That is especially true if they select from one or two groups 
of species of similar size with broadly similar responses.  The focal species approach,20 using a 
suite of species rather than a single species as indicators, is an improvement over the 
assumption that a single species can reliably act as a surrogate for a major portion of biodiversity.  
However, the total number of species still outnumbers feasible focal species by orders of 
magnitude.   
 
4.2  Focus and integration 
Despite weaknesses of any single approach, we still need to select species to monitor.  We use 
the species accounting system to both focus the approach and to integrate monitoring of 
organisms with monitoring of the other two broad indicators.  The accounting system 
encompasses all vertebrates, but can focus attention on those species most likely to be impacted 
by changes in forest practices and most in need of direct monitoring.  For example, Group 1 
species are unlikely to be impacted by forest practices so do not merit direct monitoring.  Group 2 
species, while impacted by forest practices, can be monitored indirectly by trends in amounts of 
broad habitat types once associations with those habitat types have been established.  Group 4 
species can be monitored by implementation monitoring of standard operating procedures 
provided these have been evaluated for effectiveness.  That leaves potential candidates for direct 
monitoring within Group 3 and Group 5 species.  There are sufficiently few Group 5 species, that 
these can be assessed individually if habitat associations and known and simple measures are 
employed (e.g., Figure 7).  We select most focal species for effectiveness monitoring from among 
Group 3.  We do not use focal taxa in the restricted sense of Lambeck,20 but in the common 
English usage of “relating to focus”, recognizing our focus as the potential effects of forest 
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practices.  Within each group the selection was made largely on the basis of four criteria that 
define a species’ utility to effectiveness monitoring.  These are:  
 

1) be forest dwelling, 
2) be sensitive to forest practices employed, 
3) be practical to monitor in terms of sampling, identification and cost, and 
4) provide information useful in guiding forest practice. 

 
When selecting species it is useful to consider whether they also have attributes of umbrella or 
keystone species.  Some vertebrate species appear to meet the four preceding criteria.  Selection 
then focuses on species among them that are most likely to provide information on forest 
practices about which there is greatest uncertainty or which could have the greatest impact.   
 
This approach not only focuses monitoring on organisms that will be most informative of 
outcomes resulting from forest practice, but also integrates the three major indicators.  For 
Indicator 1, monitoring of uncommon organisms can indicate the utility of ecosystem types 
derived within Indicator 1 in predicting these (and likely other) organisms.  For example within the 
TFL, the fisher radio-tracking program has found fisher exclusively within the BWBSmw1 variant, 
although a variety of forest cover types were used. In turn, Indicator 1 assesses the degree to 
which forests in the BWBSmw1 are reserved from harvest and serve as effective fisher habitat.  
As well, Indicator 1 describes locations of natural benchmarks that can be sampled to provide the 
context or scale when determining how well outcomes are met.  Some measures of indicator 1 
(e.g., patch size) can be related directly to Group 5 organisms to assess causes of potential 
trends and to guide corrective measures.  It also is indicator 1 that directly addresses that portion 
of Indicator 3 considering concern for genetic variability – “[species] are well distributed 
throughout the range of their habitat.”  Addressing distribution is a straightforward GIS exercise 
for Group 2 and Group 5 species and does not matter for Group 1 species, while Group 4 species 
are assessed by implementation monitoring of specifically designed standard operating 
procedures.  When guilds of Group 3 organisms (e.g. shrub nesters, cavity users) are well below 
levels found in natural benchmarks, then the results of monitoring Indicator 3 help to focus effort 
allocated to monitoring Indicator 2.  Likewise, results of monitoring Indicator 2 help inform 
potential changes to practice that would better sustain those organisms.  
 
4.3  Candidate species 
The preceding comments clarify that a primary goal of effectiveness monitoring is to guide 
improvement in forest practice primarily for Group 3 and Group 5 species.  Group 5 is sufficiently 
small that member species can be treated individually when simple measures appear effective. 
Within Group 3 we recognize five broad ‘guilds’ or groups of species with strong associations to 
particular habitat features.  Focal species or candidates for each guild are listed in Table 7.  To 
the extent practical they represent a range of natural history attributes within each group – for 
example slow to fast dispersers and small to large body size or home ranges, and reliance on a 
variety of forest types or ages.   Species included in Table 7 are those practical to sample – easily 
identified and relatively abundant.  Assessment of overall effectiveness should include others 
listed in Table 4 that are encountered only rarely in the monitoring regime and species in Group 2 
that often show strong responses to habitat elements. 
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Table 7.  Potential focal species for assessing effectiveness of practices intended to sustain habitat 
elements.   
 
Species Significant attributes 
Riparian and wetlands  
Wood Frog Breeds in small water bodies easily overlooked by forest practices 
Bufflehead Obligate cavity nester; feeds on invertebrates in open, shallow water 
Common Goldeneye Obligate cavity nester; aquatic invertebrates; wetlands, lakes, rivers 
Horned Grebe Nest in small ponds, emergent vegetation; feeds on aquatic invertebrates 
Red-necked Grebe Shallow lakes& marshlands; feeds on fish & aquatic invertebrates 
Blue-winged Teal Nest on shallow ponds; feeds on aquatic insects & vegetation 
Northern Shoveler Nest in shallow wetlands; feeds on aquatic insects & vegetation  
Green-winged Teal Nests near marshes & ponds; omnivorous 
Northern Waterthush Breeds in shrubby & treed wetland and riparian habitat 
Yellow Warbler Breeds in wet, deciduous thickets – riparian  
Marsh Wren Nests in cattails and bulrushes of marshlands 
Red-winged Blackbird Breeds in marshy habitat; can be small as ditches 
Yellow-headed Blackbird Nests in emergent vegetation; typically deeper water 
Beaver Seeks hardwoods as forage in riparian areas 
Hardwoods  
American Redstart Strong preference for moist hardwoods with abundant shrubs 
Least Flycatcher Seeks mature hardwoods and mixedwood 
Ovenbird Seeks hardwoods or mixed stands that are hardwood leading 
Rose-breasted Grosbeak Seeks hardwoods and mixedwoods, usually with shrubs 
Shrubs  
Cedar Waxwing Avoids forest interior; seeks shrubs; feeds heavily on shrub-borne fruits 
Macgillivray's Warbler Nest always concealed by shrubs and dense undergrowth 
Mourning Warbler Seeks dense understory vegetation for nesting 
Swainson’s Thrush Seeks out multistoried stands with older shrub layer for nesting 
Wilson’s Warbler Nests under shrubs or other undergrowth 
Moose Relies primarily upon shrubs as forage 
Cavity Sites  
Black-capped Chickadee Prefers hardwoods or mixedwood; weak excavator = well rotted sites 
Downy Woodpecker Prefers hardwoods; weak excavator = well rotted sites 
Hairy Woodpecker Conifer to mixedwood; strong excavator 
Red-breasted Nuthatch Prefers conifer; weak excavator 
Yellow-bellied Sapsucker Prefer hardwoods, usually dead or with rot 
Violet-green Swallow  Secondary cavity user; prefers open forest 
Large live trees  
Bald Eagle Typically nests in mature or old-growth conifers close to water 
 
 
All species in Table 7 occur commonly in the TFL, other than four that are rated ‘uncommon’: 
Bald Eagle, Downy and Hairy Woodpeckers and Macgillivray's Warbler.  All should occur 
commonly enough to provide trend estimates over time.  Numbers of focal species selected for 
particular habitat elements reflect the numbers of species associated with those elements.  For 
example, more species are associated with riparian/wetland habitats, followed by species using 
cavities (Table 3).   Not all species selected are considered Group 3 species; for example, 
species assigned Group 2 (hardwood leading) are included as indicators of hardwoods.  
Interpretation should not be limited to apparent trends in single species, particularly when these 
are migratory.  Likewise, interpretation should be augmented by records of less common species 
showing similar affinities (e.g., others in Table 3 and 4).  
 
Only six Group 5 species (dependent on patch size or connectivity) are found within the TFL.  
Three of these are documented to be responsive primarily to patch size or edge – Golden-
crowned Kinglet, Northern Goshawk and Spruce Grouse.  Effectiveness monitoring of these 
species will use GIS analysis to assess trends in patch size of preferred habitat types (e.g., 
Figure 7).  These tends are made informative by model-directed sampling that selects samples to 
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refute or corroborate expectations derived from the trends.   Focal species for evaluating patch 
size and negative edge effect are the Golden-crowned Kinglet and Northern Goshawk.  The 
goshawk is uncommon in the area and evaluation of the predictive ability of the trend may have to 
be based on data collected from similar forest types. 
 
Any requirement for connectivity by the marten is equivocal.  Marten appear to avoid large 
openings such as clearcuts or recent severe burns,21 but use riparian areas, meadows and forest 
edges while foraging.22  As well some marten use rocky alpine areas above timberline.23   
Moreover, as noted above marten have been trapped at sites without the older forest cover 
sometimes presumed necessary, including in community pastures where cattle have simplified 
the understory.   There are similar difficulties in selecting preferred habitat for fisher.  As noted 
earlier, fishers are found in a wide range of forested landscapes, in many instances mesic, dense, 
late-successional coniferous or mixed wood forest.  Fishers east of the Rocky Mountains (as in 
TFL 48) appear to be more adaptable in terms of habitat requirements, than studies west of the 
Rockies suggest.  East of the Rocky Mountains, they are not restricted to mature and old conifer 
or mixed forest, and patch size and connectivity do not appear to be to be important determinants 
of habitat suitability.   Nonetheless, connectivity of preferred marten habitat  (confer leading forest 
>90 years old) should be evaluated for connectivity as well as patch size; fisher can be assessed 
by connectivity within riparian areas and the BWBSmw1 variant or patch size within the favoured 
variant (e.g., Figure 7).  Direct monitoring of the neither species will be undertaken unless 
uncertainty around predictions derived from GIS or simulation modeling remains high.  Caribou 
will be assessed by methods agreed upon jointly with BC Ministry of Environment.  
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Appendix 1.  Terrestrial verebrates occuring on Canadian Forest Products tenure in northeastern British 
Columbia. 
 
                                          

Common Name1 Species Name Species Subspecies Com Ucom Cas

Amphibians
Boreal Chorus Frog Pseudacris maculata Y 1 3(w) x  

Columbia Spotted Frog Rana luteiventris Y NaR 5 3(w) x

Long-toed Salamander Ambystoma macrodactylum Y 4 3(w) x

Western (Boreal) Toad Bufo boreas Y SC 4 3(w) x

Wood Frog Rana sylvatica Y 2 (N-5) 4 x  

Reptiles
Common Garter Snake Thamnophis sirtalis Y 2 3(w) x  

Birds
Alder Flycatcher Empidonax alnorum Y 2 (N-5, Breeding) 2 (R) x

American Coot Fulica americana Y NaR 2 3(w) x

American Crow Corvus brachyrhynchos Y 2 1 x

American Kestrel Falco sparverius Y 2 3 (cav) x

American Pipit Anthus spinoletta Y 2 6(AT) x  

American Redstart Setophaga ruticilla Y 2 (N-5, Breeding) 2 (H2) x

American Robin Turdus migratorius Y 2 1(BEC) x  

American Wigeon Anas americana Y 2 (N-5, Breeding) 3(w)_ x

Barn Swallow Hirundo rustica Y 2 6(MM) x  

Black Tern Chlidonias niger Y NaR 2 3(r) x

Black-billed Magpie Pica hudsonia Y 2 1 x

Black-capped Chickadee Poecile atricapilla Y 2 (N-5, Breeding) 3 (cav) x  

Black-throated Green Warbler Dendroica virens B 1 (N-5, Breeding) 2 (C2) x

Blue-headed Vireo Vireo cassinii Y 3 2 (C2,C1) x

Blue-winged Teal Anas discors Y 2 3(w) x

Bonaparte's Gull Larus philadelphia Y 2 (N-5, Breeding) 3(w) x

Brewer's Blackbird Euphagus cyanocephalus  Y 2 1 x

Brown-headed Cowbird Molothrus ater Y 2 1 x

Bufflehead Bucephala albeola Y 2 (N-5, Breeding) 3(r) x

    COSEWIC3 Global 
Responsibity4

SAS     
Group5

BC Status2 Relative Abundance6
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Common Name1 Species Name Species Subspecies Com Ucom Cas

Cedar Waxwing Bombycilla cedrorum Y 2 3(sh) x

Chipping Sparrow Spizella passerina Y 2 (N-5, Breeding) 1(BEC) x

Clay-colored Sparrow Spizella pallida Y 2 (N-5, Breeding) 2 (R) x

Cliff Swallow Petrochelidon pyrrhonota Y 2 6(MM) x  

Common Goldeneye Bucephala clangula Y 2 (N-5, Breeding) 3(r) x

Common Raven Corvus corax Y 2 1 x

Common Redpoll Carduelis flammea Y 2 1 x

Common Yellowthroat Geothlypis trichas Y 2 3(r,w)) x

Dark-eyed Junco Junco hyemalis Y 2 (N-5, Breeding) 1(BEC) x  

Eared Grebe Podiceps nigricollis Y 1 3(w) x

Gadwall Anas strepera Y 1 3(w) x

Golden-crowned Kinglet Regulus satrapa Y 2 (N-5, Breeding) 5 x

Gray Jay Perisoreus canadensis Y 2 (N-5) 2 (C2) x

Greater Yellowlegs Tringa melanoleuca Y 2 (N-5, Breeding) 3(w) x

Green-winged Teal Anas crecca Y 2 3(w) x  

Hermit Thrush Catharus guttatus Y 2 (N-5, Breeding) 1 x  

Horned Grebe Podiceps auritus Y 4 (N-5, Breeding) 3(w) x  

House Wren Troglodytes aedon Y 2 3 (cav) x

Killdeer Charadrius vociferus Y 2 6(MM) x

Least Flycatcher Empidonax minimus Y 2 (N-5, Breeding) 2 (H2) x

Lesser Scaup Aythya affinis Y 2 (N-5, Breeding) 3(w) x

Lesser Yellowlegs Tringa flavipes Y 2 (N-5, Breeding) 3(w) x

Lincoln's Sparrow Melospiza lincolnii Y 2 (N-5, Breeding) 2 (R) x  

Mallard Anas platyrhynchos Y 2 3(w) x

Marsh Wren Cistothorus palustris Y 2 3(w) x

Mourning Warbler Oporornis philadelphia Y 0 (N-5, Breeding) 3(sh) x

Northern Flicker Colaptes auratus Y 2 3 (cav) x  

Northern Harrier Circus cyaneus Y NaR 2 3(w) x

Northern Pintail Anas acuta Y 2 (N-5, Breeding) 3(w) x

Northern Shoveler Anas clypeata Y 2 (N-5, Breeding) 3(w) x

Northern Waterthrush Seiurus noveboracensis Y 2 (N-5, Breeding) 3(r,w) x

Orange-crowned Warbler Vermivora celata Y 2 (N-5, Breeding) 2 (R) x  

Ovenbird Seiurus aurocapillus Y 1 (N-5, Breeding) 2 (H2) x

Pine Siskin Carduelis pinus Y 2 (N-5) 1 x

BC Status2     COSEWIC3 Global 
Responsibity4

SAS     
Group5

Relative Abundance6

Canada Goose 2 (N-5, Breeding) 3(w)
spp. occidentalis, 
leucopareia  :Blue

x
 

YBranta canadensis
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Common Name1 Species Name Species Subspecies Com Ucom Cas
Purple Finch Carpodacus purpureus Y 2 (N-5, Breeding) 2 x  

Red-breasted Nuthatch Sitta canadensis Y 2 (N-5, Breeding) 3 (cav) x

Red-eyed Vireo Vireo olivaceus Y 2 2 (H2) x

Red-necked Grebe Podiceps grisegena Y NaR 2 3(w) x

Red-tailed Hawk Buteo jamaicensis Y NaR 2 2 x  

Red-winged Blackbird Agelaius phoeniceus Y 2 3(w) x  

Ring-necked Duck Aythya collaris Y 2 (N-5, Breeding) 3(w) x  

Rose-breasted Grosbeak Pheucticus ludovicianus Y 1 2 (H2) x

Ruby-crowned Kinglet Regulus calendula Y 2 (N-5, Breeding) 2 (C2) x  

Ruddy Duck Oxyura jamaicensis Y 2 3(w) x

Ruffed Grouse Bonasa umbellus Y 2 (N-5) 2 x  

Savannah Sparrow Passerculus sandwichensis Y 2 (N-5, Breeding) 6(G) x

Sora Porzana carolina Y 2 (N-5, Breeding) 3(w) x

Spotted Sandpiper Actitis macularia Y 2 (N-5, Breeding) 1 x

Spruce Grouse Falcipennis canadensis Y 2 (N-5) 5 x  

Swainson's Thrush Catharus ustulatus Y 2 (N-5, Breeding) 2 (MW2) x

Swamp Sparrow Melospiza georgiana Y 1 (N-5, Breeding) 3(w) x

Tennessee Warbler Vermivora peregrina Y 2 (N-5, Breeding) 3(sh) x

Tree Swallow Tachycineta bicolor Y 2 3 (cav) x

Warbling Vireo Vireo gilvus Y 2 2(C2,M2) x

Western Tanager Piranga ludoviciana Y 3 2 (MW2) x

Western Wood-Pewee Contopus sordidulus Y 2 (N-5, Breeding) 1 x  

White-crowned Sparrow Zonotrichia leucophrys Y 2 (N-5, Breeding) 1 x  

White-throated Sparrow Zonotrichia albicollis Y 2 (N-5, Breeding) 2 (R,D2) x

Wilson's Snipe Gallinago gallinago Y 2 (N-5, Breeding) 3(w,r) x

Wilson's Warbler Wilsonia pusilla Y 3 3(sh) x

Yellow Warbler Dendroica petechia Y 2 (N-5, Breeding) 2 (H2) x  

Yellow-bellied Sapsucker Sphyrapicus varius Y 2 (N-5, Breeding) 3 (cav) x

Yellow-headed Blackbird Xanthocephalus xanthocephalus Y 2 3(w) x

Yellow-rumped Warbler Dendroica coronata Y 2 (N-5, Breeding) 2 (C2) x  

Short-eared Owl Asio flammeus B SC 2 6(MM) trans

Surf Scoter Melanitta perspicillata B 4 3(r) trans

Townsend's Warbler Dendroica townsendi Y 5 2 (C2) trans

American Three-toed Woodpecker Picoides dorsalis Y 2 (N-5) 3 (cav) x

American Tree Sparrow Spizella arborea Y 2 1 x

Bald Eagle Haliaeetus leucocephalus Y 4 3(lt) x

Relative Abundance6BC Status2     COSEWIC3 Global 
Responsibity4

SAS     
Group5
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Common Name1 Species Name Species Subspecies Com Ucom Cas
Baltimore Oriole Icterus galbula Y 1 2 x

Bank Swallow Riparia riparia Y 2 6 x

Barrow's Goldeneye Bucephala islandica Y 5 to 6 3(r) x  

Belted Kingfisher Ceryle alcyon Y 2 (N-5, Breeding) 3(r,w) x

Black-and-white Warbler Mniotilta varia Y 1 (N-5, Breeding) 3(r) x

Blackpoll Warbler Dendroica striata Y 2 (N-5, Breeding) 2 (C2,C1) x

Blue Grouse Dendragapus obscurus Y 5 1 x

Blue Jay Cyanocitta cristata Y 1 6(MM) x

Bohemian Waxwing Bombycilla garrulus Y 2 3(r) x

Boreal Chickadee Poecile hudsonica Y 2 3 (cav) x  

Broad-winged Hawk Buteo platypterus B 0 2 x

Brown Creeper Certhia americana Y 2 2 (C2) x  

Calliope Hummingbird Stellula calliope Y 3 1 x

Canada Warbler Wilsonia canadensis B 1 (N-5, Breeding) 4/3(sh) x

Canvasback Aythya valisineria Y 2 (N-5, Breeding) 3(r) x

Common Grackle Quiscalus quiscula Y 1 1 x

Common Loon Gavia immer Y NaR 2 (N-5, Breeding) 3(r) x

Common Merganser Mergus merganser Y 2 (N-5, Breeding) 3(r) x

Common Nighthawk Chordeiles minor Y 2 2 x

Connecticut Warbler Oporornis agilis R 1 (N-5, Breeding) 2 x

Downy Woodpecker Picoides pubescens Y 2 3 (cav)/2 x  

Eastern Kingbird Tyrannus tyrannus Y 2 3(r) x

Eastern Phoebe Sayornis phoebe Y 1 6(MM)  x

Evening Grosbeak Coccothraustes vespertinus Y 2 (N-5, Breeding) 2 x  

Fox Sparrow Passerella iliaca Y 2 (N-5, Breeding) 2 (C1,C2) x  

Great Gray Owl Strix nebulosa Y NaR 2 2 x

Hairy Woodpecker Picoides villosus Y spp. picoideus  :Blue 2 3 (cav) x  

Herring Gull Larus argentatus Y 2 6(I) x  

Hooded Merganser Lophodytes cucullatus Y 2 3(w) x

Le Conte's Sparrow Ammodramus leconteii B 1 4 x

Long-eared Owl Asio otus Y 2 1 x

Macgillivray's Warbler Oporornis tolmiei Y 4 2 (R) x

Magnolia Warbler Dendroica magnolia Y 2 (N-5, Breeding) 2 (H2) x

Merlin Falco columbarius Y NaR 2 2 x  

Nelson's Sharp-tailed Sparrow Ammodramus nelsoni R 1 4/3(w) x

BC Status2     COSEWIC3 Global 
Responsibity4

SAS     
Group5

Relative Abundance6
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Common Name1 Species Name Species Subspecies Com Ucom Cas

Northern Hawk Owl Surnia ulula Y NaR 2 3 (cav) x

Northern Saw-whet Owl Aegolius acadicus Y spp. brooksi  :Blue 2 3 (cav) x

Northern Shrike Lanius excubitor Y 2 3(sh) x

Olive-sided Flycatcher Contopus cooperi Y 2 (N-5, Breeding) 1 x

Osprey Pandion haliaetus Y 2 3(w) x

Philadelphia Vireo Vireo philadelphicus B 1 (N-5, Breeding) 2 x

Pied-billed Grebe Podilymbus podiceps Y 1 3(w) x

Pileated Woodpecker Dryocopus pileatus Y 2 (N-5) 3 (cav) x  

Pine Grosbeak Pinicola enucleator Y spp. carlottae  :Blue 2 2 (C2) x  

Red Crossbill Loxia curvirostra Y 2 2 (C2) x

Redhead Aythya americana Y 1 3(w) x

Rufous Hummingbird Selasphorus rufus Y 5 1 x  

Rusty Blackbird Euphagus carolinus Y 2 (N-5, Breeding) 3(w) x

Sharp-shinned Hawk Accipiter striatus Y NaR 2 (N-5, Breeding) 2 x  

Sharp-tailed Grouse Tympanuchus phasianellus Y spp. columbianus  :Blue 2 (N-5) 4 x  

Snow Bunting Plectrophenax nivalis Y 2 (N-5, Breeding 
d Wi t i )

6(MM) x

Song Sparrow Melospiza melodia Y 2 3(w) x  

Trumpeter Swan Cygnus buccinator Y NaR 5 4 x  

Turkey Vulture Cathartes aura Y 1 1/6(MM) x  

Upland Sandpiper Bartramia longicauda R 0 6(G) x

Varied Thrush Ixoreus naevius Y 4 2 (C2) x

Vesper Sparrow Pooecetes gramineus Y spp. affinis  :Red 2 1 x

White-breasted Nuthatch Sitta carolinensis Y 2 3 (cav) x

White-winged Crossbill Loxia leucoptera Y 2 2 (2) x

White-winged Scoter Melanitta fusca Y 2 3(w) x

Wilson's Phalarope Phalaropus tricolor Y 2 (N-5, Breeding) 3(w) x

Winter Wren Troglodytes troglodytes Y 2 (N-5, Breeding) 2 (C2) x  

Yellow-bellied Flycatcher Empidonax flaviventris Y 1 (N-5, Breeding) 2 x

American Bittern Botaurus lentiginosus B 2 (N-5, Breeding) 3(w) x

American Dipper Cinclus mexicanus Y 3 3(r) x

Barred Owl Strix varia Y 2 1 x

Bay-breasted Warbler Dendroica castanea R 1 (N-5, Breeding) 2 x

Black-backed Woodpecker Picoides arcticus Y 2 (N-5) 3 (cav) x

Relative Abundance6BC Status2     COSEWIC3 Global 
Responsibity4

SAS     
Group5

5 xYAccipiter gentilisNorthern Goshawk  spp. Laingi: Th
spp. laingi  Red; 

atricapillus  Not at Risk 2
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Common Name1 Species Name Species Subspecies Com Ucom Cas
Boreal Owl Aegolius funereus Y NaR 2 3 (cav) x

Cape May Warbler Dendroica tigrina R 1 (N-5, Breeding) 2 x

Cinnamon Teal Anas cyanoptera Y 1 3(w) x

Clark's Nutcracker Nucifraga columbiana Y 3 2

Dusky Flycatcher Empidonax oberholseri Y 2 2 ® x

Golden Eagle Aquila chrysaetos Y NaR 2 1 x

Golden-crowned Sparrow Zonotrichia atricapilla Y 3 6 x

Gray-crowned Rosy Finch Leucosticte tephrocotis Y 3 6(AT) x

Great Horned Owl Bubo virginianus Y 2 1 x 
( b tiHammond's Flycatcher Empidonax hammondii Y 4 1 x

Harlequin Duck Histrionicus histrionicus Y 3 3(r) x

Horned Lark Eremophila alpestris Y spp. strigata  :Red spp.strigata:  E 2 6(MM)  x

Macgillivray's Warbler Oporornis tolmiei Y 4 2 (R) x

Mountain Bluebird Sialia currucoides Y 2 1 x

Mountain Chickadee Poecile gambeli Y 3 3 (cav)  

Northern Pygmy Owl Glaucidium gnoma NAR 3 (cav) x

Northern Rough-winged Swallow Stelgidopteryx serripennis Y 2 6(MM) x

Palm Warbler Dendroica palmarum Y 1 (N-5, Breeding) 2 x

Peregrine Falcon Falco peregrinus anatum R Th 2 6(cl) trans

Solitary Sandpiper Tringa solitaria Y 2 (N-5, Breeding) 3(w) x (solitaria)

Steller's Jay Cyanocitta stelleri Y 3 2 (C2) x 
( tSwainson's Hawk Buteo swainsoni R 1 2 trans

Townsend's Solitaire Myadestes townsendi Y 3 1 x

Vaux's Swift Chaetura vauxi Y 4 3 (cav) x

BC Status2     COSEWIC3 Global 
Responsibity4

SAS     
Group5

Relative Abundance6

Empidonax difficilis

x (winter, 
range 
edge)

6(MM)2NaRYNyctea scandiaca

YCarduelis hornemanni

x (range 
edge)

3 (cav)4Y

12
x (winter, 

range 
edge)

transSandhill Crane 2 (N-5, Breeding) 4
spp. rowani  Blue; 

Georgia Depression 
Population Red

BGrus canadensis

Hoary Redpoll

Pacific-slope Flycatcher

Snowy Owl
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Common Name1 Species Name Species Subspecies Com Ucom Cas

Violet-green Swallow Tachycineta thalassina Y 2 3 (cav) x

Yellow Rail Coturnicops noveboracensis R SC 0 3(w) x

Mammals
Anerican Marten Martes americana Y 2 (N-5) 5 x
Beaver Castor canadensis Y 2 3(w,r) x
Black Bear Ursus americanus Y ssp. emmonsii : Blue 2 (N-5) 1 x
Common Shrew Sorex cinereus Y 2 (N-5) 1 x
Coyote Canis latrans Y 2 1 x
Deer Mouse Peromyscus maniculatus Y 2 1 x
Dusky Shrew Sorex monticolus Y 2 (N-5) 1 x
Meadow Vole Microtus pennsylvanicus Y 2 (N-5) 1 x
Moose Alces alces Y 2 (N-5) 3(sh) x
Mule Deer Odocoileus hemionus Y 2 1 x
Muskrat Ondatra zibethicus Y 2 3(w) x
Red Fox Vulpes vulpes Y 2 1 x
Red Squirrel Tamiasciurus hudsonicus Y 2 (N-5) 2 x

White-tailed Deer Odocoileus virginianus Y 2 1 x
American Water Shrew Sorex palustris Y spp. brooksi : Red 2 (N-5) 3(r,w) x
Arctic Shrew Sorex arcticus Y 1 (N-5) 3(w) x
Bushy-tailed Woodrat Neotoma cinerea Y 4 1 x
Canada Lynx Lynx canadensis Y NaR 2 (N-5) 1 x  
Elk Cervus canadensis Y ssp. roosevelti : Blue 2 1 x
Fisher Martes pennanti B 2 (N-5) 5  x
Golden-mantled Ground Squirrel Spermophilus lateralis Y 1 1 x

    COSEWIC3 Global 
Responsibity4

SAS     
Group5

Relative Abundance6

2/3(r,w)2 (N-5, Breeding) x (range 
edge)

x (spp. 
richardsoni

i )

2 (N-5) 1 xssp. washingtonii : RedYLepus americanusSnowshoe Hare

12 (N-5)spp. Haidaru: Thssp. anguinae : Blue; 
haidarum : RedYMustela ermineaShort-tailed weasel

x

x

2 6(G/MM)Georgia Depression: 
RedYSturnella neglectaWestern Meadowlark

YCatharus fuscescens

BC Status2

Veery
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Common Name1 Species Name Species Subspecies Com Ucom Cas

Hoary Marmot Marmota caligata Y 4 6(AT) x

Least Weasel Mustela nivalis Y 2 (N-5) 1 x
Long-tailed Weasel Mustela frenata Y ssp. altifrontalis : Red 2 1 x
Mink Mustela vison Y 2 1 x
Mountain Goat Oreamnos americanus Y 5 to 6 4? x
Northern River Otter Lontra canadensis Y 2 (N-5) 3(r)  x
Porcupine Erethizon dorsatum Y 2 (N-5) 1 x

Striped Skunk Mephitis mephitis Y 2 1 x
Western Jumping Mouse Zapus princeps Y 2 (N-5) 1 x
Woodchuck Marmota monax Y 1 6(MM) x
Bison Bos bison Red; Blue Th (both ssp) 6(G/MM) x

Eastern Heather Vole?? Phenacomys ungava NR 1 1 ?
Grizzly Bear Ursus arctos B SC 2 (N-5) 1 x
Little Brown Myotis Myotis lucifugus Y 2 1  x

Mountain Lion Puma concolor Y 2 1 x
Northern Bog Lemming Synaptomys borealis Y ssp. artemisiae : Blue 2 (N-5) 1 x
Northern Flying Squirrel Glaucomys sabrinus Y 2 (N-5) 2 x
Thinhorn Sheep Ovis dalli Y ssp. dall i: Blue 4 4? x

Bobcat

Caribou

Long-tailed Vole

YLynx rufus

x (Northern 
Mountain 

and 
Southern 

pop)

52 (N-5)
Th (Boreal and Southern 

pop);  Sc (Northern Mountain 
pop)

Blue; Blue; Red

12
x (spp. 

pallescens
)

x (spp. 
vellerosus )

x

Relative Abundance6

2 (N-5) 1
ssp. galei : Blue; 
occidentalis : Red

YClethrionomys gapperiSouthern Red-backed Vole

Least Chipmunk 1 (N-5) 1
ssp. oreocetes : Blue; 

selkirki : Red
Y x

BC Status2     COSEWIC3 Global 
Responsibity4

1

SAS     
Group5

Rangifer tarandus

4YMicrotus longicaudus

1 x
ssp. nubilus  and 
occidentalis: NaR YCanis lupusGray Wolf 2 (N-5)

Neotamias minimus
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Common Name1 Species Name Species Subspecies Com Ucom Cas

1  Species are ordered alphabetically by common names within groups of vertebrate.
2  Species and subspecies status in the province of British Columbia; "R" denotes red listed; "B", blue listed; as determined by the Conservation Data Centre from the B.C. Ministry of Environment; April 2007.
3 Species status in Canada determined by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC);  NaR = Not at Risk, SC = Special Concern, Th = Threatened, E = Endangered.

5  SAS group = Species Accounting System group. 
6  Relative abundance in Fort nelson, Fort St. John, and Dawson Creek tenures:  Com = commo; Unc = uncommon; Ca = casual, including rare and transient (trans).

x

BC Status2 Relative Abundance6

ssp. luscus : Blue; 
vancouverensis : Red SC 2 (N-5) 1Gulo guloWolverine

4  Global responsibility; see Bunnell, F.L., L. Kremsater, and I. Houde. 2006.  Applying the Concept of Stewardship Responsibility in British Columbia. Report to Conservation Planning Tools Committee BC Biodiversity 
Strategy.
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	1   Context
	2  Species not monitored
	3  Species accounting system
	Birds
	Mammals
	Reptiles
	Birds
	SHRUBS
	Mammals

	LARGE LIVE TREES
	Amphibians
	Birds
	Mammals
	Spruce Grouse
	Mammals
	Caribou
	Rely primarily on habitats created or modified by human activities other than forestry
	Breed primarily on poorly accessible islands

	4  Effectiveness Monitoring
	Table 7.  Potential focal species for assessing effectiveness of practices intended to sustain habitat elements.  
	Riparian and wetlands
	Hardwoods
	Shrubs
	Moose
	Cavity Sites
	Violet-green Swallow 
	Large live trees


	Appendix 1.  Terrestrial verebrates occuring on Canadian Forest Products tenure in northeastern British Columbia.

