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Abstract 
 
Two different approaches to using large-scale zoning to improve the efficiency of attaining timber 
production and biodiversity objectives were developed.  Resources desired from forests are 
sometimes strongly competing, sometimes mildly competing and sometimes non-competitive.  
Zoning the intensity of forest harvest across the landscape can help separate the most intensely 
competing activities while still maintaining economic returns.  Our first approach used simulated 
annealing to optimize zone configurations using economic and biodiversity objectives.  We found 
that the zoning scenarios were able to maintain or exceed all target indicator levels compared to 
the baseline multiple-use scenario, despite restricting harvest levels to a smaller proportion of the 
landbase, primarily in the Timber zone.  The decreased harvesting in the Habitat zone and virtual 
elimination of harvesting in the Conservation zone dramatically increases the area of forest that 
would remain unmodified by industrial activity on the TFL. The second approach was more 
tractable over larger areas, exploited elements of zoning but emphasized an initial allocation 
combined with a monitoring framework to evaluate the efficacy of initial decisions.  It documented 
the challenges created by oil and gas exploration in northeastern British Columbia, but also 
developed new standard operating procedures and focused implementation and effectiveness 
monitoring on areas where returns for investment were greatest. 
 
 
Introduction 
 
The resources desired from forests are sometimes strongly competing (e.g., components of 
biological diversity and intensive timber harvest), sometimes mildly competing (recreation and 
water quality), and sometimes non-competitive (visual quality objectives and several components 
of biodiversity).  Zoning the intensity of forest harvest across the landscape can help separate the 
most intensely competing activities while still maintaining economic returns.  Thus, landscape-
level zoning is increasingly seen as a viable strategic forest planning framework, with major 
benefits over the more prevalent multiple-use approach.  Zoning creates large regions (>5,000 
ha) of land that are explicitly managed to maximize different types of objectives.  This allows for 
management specialization that promotes economic efficiencies as well as biodiversity protection.  
Zoning the intensity of timber harvesting increases economic returns by concentrating operating 
in smaller areas, reducing roading and planning costs, encouraging advanced silviculture, and 
providing increased certainty in long-term harvest planning.  Zoning also can increase the value 
of ecological and social objectives by removing or reducing the influence of industrial activities on 
objectives such as water quality, habitat and visual quality objectives.  A major aspect of this 
project evaluated zoning strategies for their efficiency in meeting economic, ecological and social 
objectives on Canfor’s TFL 48, near Chetwynd, BC (Boyland et al. 2006, Boyland 2007a).   
 
Although we obtained results revealing the utility of zoning, there are limitations to the benefits of 
zoning when applied to an area the size of TFL 48 (about 650,000 ha).  Benefits increase with the 
size of area zoned.  However, the detailed data required were not available over the entire large 
area that industrial partners wished to consider (18 million ha).  Two alternative approaches 
requiring less detailed data were devised for the larger area.  The first restricted analysis of 
representation to the variant level and derived zones manually (Sub-project 2).  The second 
applied some of the broad zoning principles within a conservation framework that developed into 
a third group of sub-projects (Project 3 below). 
 
We used ecological representation of ecosystem types as a primary ecological objective in both 
the detailed analysis of TFL 48 and the broader conservation framework.  At the detailed level 
simulated annealing is used to create zone configurations guided by economic and ecological 
objectives.  The broader conservation framework is guided primarily by ecological objectives, 
although attempts to find efficiencies in attaining these objectives.  
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Long-term objectives of the project were to: 
 
1. provide a decision-support tool that creates landscape-level forest management zones while 
considering timber and non-timber objectives simultaneously;   
2. explore zoning configurations that maintain economic viability while also maintaining ecological 
and social objectives; and   
3. provide a conservation framework that permits economic forestry over an area of about 18 
million ha.   
 
As the project developed and the area considered expanded almost 30 times (from 650,000 to 18 
million ha), increasing emphasis was placed on objective 3 while emphasis on objectives 1 and 2 
was reduced. 
 
 
Methods   
 
Effort was subdivided among a number of projects and sub-projects.  Methods and results are 
presented separately for each sub-project.      
 
 
Project 1: Zoning intensity of timber harvest 
 
This project was the primary thrust in meeting objectives 1 and 2.  It continued throughout the 
duration of the work, but emphasis was increasingly given to deriving the conservation 
framework, largely because data were limiting over parts of the expanded study area of 18 million 
ha.  
 
 
Sub-project 1: Landscape-level zoning for TFL 48. 
(Researchers involved: M. Boyland, F.L. Bunnell, A. Moy, R. Wells) 
 
Landscape-level zoning was used to spatially separate conflicting objectives into three 
management zones: Timber, Habitat and Conservation zones.  That allows specialization in 
timber harvesting practices for economic gain and tracts of very lightly managed forest to 
preserve biodiversity.  Year 1 of this project incorporated detailed economic criteria into the zone 
creation process, creating landscape-level zones that were sensitive to ecological, social and 
economic criteria.  Year 2 explored less intensive analysis of the expanded study area (Sub-
project 2).  Year 3, extended the work of year 1 by performing detailed economics-oriented 
harvest scheduling scenarios of both baseline status quo and the proposed zoning solutions 
within TFL 48.   
 
Analysis was done with a harvest-scheduling model to project the economic objectives, and a 
zoning model to create forest management zones.  We first projected the economic and 
ecological objectives in a baseline scenario without zones.  This initial projection was intended to 
model the current multiple-use management style as described by the Sustainable Forest 
Management Plan (SFMP4; CFP 2005).  In the baseline, we followed the current Annual 
Allowable Cut harvest levels and targets for other indicators such as old and young seral stages.  
We also established the highest profit target that could be achieved subject to the other indicator 
targets (volume, seral stages, etc).  We then created a system of management zones across the 
entire landbase, allocating all lands into one of the Timber, Habitat and Conservation zones.  
Having done the zoning we then ran the harvest scheduling model again, following newly 
established harvest targets within each of the zone areas.  With these results, we compared the 
harvest volumes and profits available under the baseline multiple-use and zoning scenarios.   
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Creating landscape-level zones for forest planning involves large datasets that create difficulties 
in finding good solutions with conventional solution techniques.  Simulated annealing has been 
the preferred algorithm for these large problems, however finding proper algorithm parameters 
has been elusive, resulting in sometimes poor zoning results, sub-optimal algorithm performance, 
and restrictions on landscape size and dataset resolution that compromise forest planning.  We 
developed an automatic function that dynamically derives proper parameter values as the 
algorithm works.  The function works by projecting future temperature steps that will produce the 
desired annealing stage, based on previous temperature performance.  The function is shown to 
perform better than traditional cooling schedules, and bypasses the time consuming, iterative 
step of manually creating the cooling schedule.  The result is a model that is easier and simpler to 
run, can handle larger datasets with finer resolutions, and creates better solutions in less time. 
 
The Zone Allocation Model (ZAM) is described in detail in Boyland et al. (2006) and Boyland 
(2007a).  The new approach for dynamically deriving proper parameter values is described in 
Boyland (2007b). 
 
 
Sub-project 2: Ecosystem representation at the BEC variant level in northeastern British 
Columbia. 
(Researchers involved: M. Boyland, A. Moy, R. Wells) 
 
This project addressed the expanded study area that included four management units in 
northeastern British Columbia: TFL 48; Dawson Creek TSA; Fort Saint John TSA; Fort Nelson 
TSA.  Its objective was to organize data that could guide zoning over a large area (18 million ha) 
to determine whether coarse zoning was possible over such a large area.   This area covers 
much of the boreal forest in British Columbia.  We acquired landbase netdown data defining the 
timber harvesting landbase (THLB) for the area, and used them to define the non-harvestable 
forested landbase (NHLB), and determine the distribution of the NHLB for the different BEC 
variants found in the study area.  We then evaluated seismic activity for oil and gas exploration to 
2002 in the NHLB, and considered the implications for ecosystem representation in the region.   
There were three aspects – determining the non-harvestable landbase (NHLB) by BEC variant, 
determining the regional responsibility for BEC variant within the large area, and assessing 
seismic impact within the NHLB.  These features could be used to guide zoning. 
 
NHLB definition and representation analysis:  Spatial data that defined the productive forest area 
and the Timber Harvesting Landbase (THLB) in the study area were obtained from several  
sources to reflect landbase netdowns from the most recent Timber Supply Reviews with some 
alpine parkland and land allocated to coal mining removed (Wells and Moy 2006).  We defined 
the NHLB as that portion of productive forest area not in the THLB.  In some cases, changes 
were made to ensure that areas defined as NHLB reflected forested areas not allocated to 
management (Appendices 1 and 2 of Wells and Moy 2006).  To allow netdowns from different 
management units to be combined, netdown categories were generalized based on similarities in 
netdown types.  To evaluate ecosystem representation, we determined the distribution of area in 
the NHLB and THLB for BEC variants found in the study area. 
 
Regional responsibility analysis:  To examine responsibility, we compared the area of each BEC 
variant occurring within the study to the provincial BEC summaries.  For each variant, we 
calculated the proportion of its total provincial extent present within the study area.  For those 
variants that occurred in the THLB, provincial responsibility also was evaluated relative to each 
variant’s level of representation within the NHLB. 
 
Seismic line density analysis:  We used seismic line data associated with the landbase netdown 
databases to estimate past seismic line development associated with oil and gas exploration 
activities in the study area.  Seismic line data were derived from netdown resultant databases or 
provided separately.  Most seismic line data were originally derived from TRIM data, though some 
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data for the Fort Nelson TSA were provided by the Oil and Gas Commission.  Dates of TRIM data 
range from 1995 – 2001, OGC data from 2001 – 2003. 
 
We determined mean seismic line density (m/ha) over a 5x5 grid neighbourhood (6.25 ha) for 
each cell (0.25 ha).  By evaluating a neighbourhood area around each cell,, we considered areas 
which were at or near a seismic line (up to a distance of 100 m) in order to include areas that may 
be influenced by an edge effect. 
 
 
Project 2 Songbird Surveys 
 
The purpose of these surveys was to provide estimates on the distribution and abundance of 
various bird species, to create habitat suitability models, and to provide population trends through 
long term monitoring. 
 
 
Sub-project 3: Bird Surveys and analysis of integrated results. 
(Researchers involved: F.L. Bunnell, R.W.Campbell, M. Preston, P. Vernier) 
 
The initial sampling methodology employed was a modification of Breeding Bird Surveys (BBS).  
Breeding Bird Surveys are known to sample some species inadequately, so during the 2006 field 
season three other methods were piloted to assess whether they effectively sampled species not 
detected by BBS.  
 
Breeding Bird Surveys:  We used the Breeding Bird Survey (BBS) method (Sen 1981; Bystrak 
1981) to sample a variety of bird species occurring in a broad range of forested and non-forested 
habitats.  Conventionally, each BBS route measures 25 miles (40.25 km) and includes 50 point-
count stations spaced approximately 800 m apart.  The conventional approach does not permit 
targeted sampling to obtain the desired representation of habitats, so we modified the 
conventional approach in two ways.  First, in areas where road lengths were < 40 km, shorter 
routes with fewer sampling stations were used to ensure sampling habitats that would otherwise 
have been omitted because of road length constraints.  Route selection within the study area was 
governed by road availability, but where possible, we emphasized representation of natural and 
managed forest landscapes within the Biogeoclimatic Ecosystem Classification (BEC) Zones (see 
Preston and Vernier 2003; Vernier and Preston 2006).  In this way, subalpine and alpine areas 
were sampled, but agricultural lands were generally avoided.  All survey stations were flagged 
and geo-referenced at the time of establishment, and then reflagged in subsequent years to 
facilitate efficient sampling.  All routes had survey stations along gravel roadways designated for 
timber, oil and gas or mineral extraction, and very few sample stations (< 5%) occurred along 
primary or secondary highways.  The second modification was the acquisition of broad habitat 
measures at each point-count station.  We used the variable-radius point count sampling protocol 
described by the Resource Inventory Committee (RIC 1999a), and used a 50-m and 50-200-m 
radius boundary for recording bird detections. Surveys commenced at sunrise and lasted 
approximately 3-4 hours, with each survey station being sampled for three minutes (RIC 1999a). 
Weather attributes such as wind speed, temperature,precipitation, and cloud cover were recorded 
at each survey station (RIC 1999a).  Breeding Bird Surveys (BBS) were conducted in TFL 48 
from 2002 to 2006, and expanded to include the Fort St. John Timber Supply Area (TSA) in 2005 
and 2006 (Preston et al. 2006) and the Fort Nelson TSA in 2006 (Preston et al. 2007).   
 
Orthophoto spot-mapping surveys:  To evaluate the potential for improving spatial information on 
species occurrences within vegetation resources inventory (VRI) polygons, we created field data 
sheets for each of the BBS stations selected.  Each sheet (8.5 x 11) had a grayscale orthophoto 
showing the survey station in the middle and four concentric rings spaced at 50, 100, 150, and 
200-m intervals.  Survey methods were identical to the typical BBS protocol, except that each 
station was sampled for five minutes instead of three to permit the spot mapping.  For purposes 
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of comparison with BBS data, birds observed after the three minute period were identified 
separately on the data sheet.  During a survey, locations of individual birds were marked directly 
on the sheet to indicate their approximate location. Those observations were later digitized using 
ArcView 3.2 (ESRI 1999).  Preliminary analyses of species occurrence patterns in relation to VRI 
polygons for TFL 48 are available online at http://3614b.forestry.ubc.ca/tfl48/index.php and are 
updated as new data and analyses are performed.  Species-habitat relationships using VRI data 
for the Fort St. John TSA have not been tested, but will be explored as more data become 
available.  One important limitation of the VRI dataset however, is that upon comparison of VRI 
polygons with on-the-ground forest structure, there are numerous discrepancies that can result in 
erroneous model output.  Hence, there is a strong need to ensure proper classification and 
maintenance of VRI polygons. 
 
Woodpecker playback surveys:  We used a woodpecker playback methodology (RIC 1999b) to 
determine the presence or absence of four woodpecker species along existing Breeding Bird 
Survey routes.  Woodpecker playback surveys were part of a pilot project to test whether the BBS 
method was adequate for sampling woodpeckers or required additional sampling.  Specifically, in 
both TFL 48 and the Fort St. John TSA study areas, we attempted to elicit responses from 
Yellow-bellied Sapsucker, Hairy Woodpecker, Northern Flicker and Pileated Woodpecker.  We 
randomly selected 3 to 8 survey stations from each BBS route, for a total of 140 woodpecker 
playback stations and excluded BBS stations where we were confident woodpeckers were 
unlikely to occur (i.e., subalpine and alpine habitats).  Woodpecker playback surveys began 
immediately after the completion of a BBS route (approx. 09:30 – 1000 hrs) and lasted from 2 to 4 
hours depending on the number of stations being sampled and the responsiveness of the species 
being sampled.  We employed a specific playback sequence (see Preston et al. 2007 for details) 
using self-timing audio CD.  However, if a species was detected at any point during the playing of 
its own calls, we skipped the remainder of that species playback session and continued with the 
silent period prior to the next species.  If during the playback of Pileated Woodpecker, the last 
species on the CD, a Pileated Woodpecker responded, we stopped the playback CD and waited 
the final two minutes prior to completing the survey.  When a species was detected, we recorded 
the time it was heard relative to the playback session, and the distance and angle for each 
individual bird from where it was first detected. 
 
Interior forest bird surveys – mature softwoods:  We used point count surveys with spot-mapping 
techniques to survey birds within mature softwood stands (RIC 1999a).  We established four 
survey stations in each of five study sites, and sampled each survey station three times with a 
minimum of seven days between surveys.  Each survey lasted 8 minutes, and each bird detected 
was assigned a bearing and distance (1-m intervals up to 200-m using a range finder) from the 
survey station, as well as a time of detection for comparison with BBS data and for evaluating 
survey efficiency. 
 
Analytical techniques:  For each BBS route we calculated mean species richness (number of 
species), total abundance, and diversity (Shannon's H').  For more frequently occurring species 
potential differences in rank abundance between TFL 48 and the Fort St. John TSA were tested 
by the Mann-Whitney U-test.  For exploratory purposes only, we estimated trend for 18 regularly 
occurring species averaged over the six routes, and compared relative abundance for each 
species among routes, using analysis of covariance (SPSS Inc. 2003).  Because trends are 
based on only five years, results are provisional (trend data from BBS routes typically requires 10 
years or more of data).  Homogeneity of variances was satisfied for all species' trend tests 
(Levene's test: P > 0.025), except for White-throated Sparrow and Lincoln's Sparrow (P < 0.005). 
 
We used simple comparisons to evaluate potential gains from the techniques piloted in the 2006 
field season.  The orthophoto spot-mapping method was used to sample 120 survey stations from 
four Breeding Bird Survey (BBS) routes (30 continuous stations per route), permitting 
comparisons of species richness, abundance and diversity indices using the two methods.  
Spatial resolution was evaluated by comparing percentages of bird detections within different 
distance intervals. We were able to evaluate potential differences in distance estimations among 

 6

http://3614b.forestry.ubc.ca/tfl48/index.php


observers using data from 2005, and data from one route sampled on the same day, at 
approximately the same time, but using a different observer for each method in 2006. 
 
To evaluate the effectiveness of the woodpecker playback method as an alternative to Breeding 
Bird Survey methods, we used two statistical methods – logistic regression and the Z-test.  The 
logistic regression has two advantages over standard chi-squared tests for independence: it is 
more specific indicating the direction of any relationship, and it allows reporting of odds ratios with 
confidence limits.  The Z-test allows comparisons of the proportion of stations having 
woodpeckers using the BBS method to the proportion of stations having woodpeckers using the 
playback method. This method does not account for pairs of observations (i.e., presence or 
absence at the same station using both methods), but does indicate whether one method is more 
likely to detect the presence of a woodpecker, given the number of stations sampled using that 
method. 
 
Within the forest-interior study, we used a repeated measures maximum likelihood test (SPSS 
Inc. 2003) to evaluate variation among sites, stations and replicates.  We ran the procedure using 
cumulative species richness and abundance data for seven pre-determined time intervals (2-min, 
3-min, 4-min, 5-min, 6-min, 7-min, and 8-min).  The 3-min analysis was the basis for comparing 
interior forest data to BBS data.  The interval data as a set was used to explore survey 
effectiveness and efficiency.  We used a one-way ANOVA (SPSS Inc. 2003) to compare species 
richness and abundance between interior (n = 20) and BBS (n = 11) mature softwood stations 
with tests limited to the first 3 minutes. 
 
 
Sub-project 4: A bird checklist for TFL 48 and associated areas. 
(Researchers involved: R.W.Campbell, M. Preston) 
 
A bird checklist (pamphlet), "Birds of Chetwynd" was completed in 2006, but not printed.  The 
region covered by the checklist is centered in Chetwynd and bounded by Gwillim Lake to the 
south, Moberly Lake, Cameron Lake, Big Lake and Boudreau Lake to the north, Heart Lake on 
the west and the Pine River at East Pine on the east.  It was updated using results from the 2006 
field season and by collating records collected by others working in the area and those at the 
Biodiversity Centre for Wildlife Studies.  As well as listing all species known from the area it 
provides relative abundance for four seasons:  Spring (March 21 to June 7), Summer (June 8 to 
September 14), Autumn (September 15 to December 14), and Winter (December 15 to March 
20).  Relative abundance is designated: 
 
a  =   abundant (> 100 birds per day) – easily found in large numbers in appropriate habitat and  
 season 
c  =   common (25–100 birds per day) – easily found in appropriate habitat and season 
f   =   fairly common (5–25 birds per day; > 10 per year) – often found in appropriate habitat and 

season 
u  =   uncommon (1-5 records) – occasionally found in appropriate habitat and season  
r   =   rare (1-10 records per year) – found only a few times per year 
ca =  casual (2–10 records all-time) – not found every year 
ac =  accidental (1 record only). 
 
Whether the species is known to breed in the area is indicated.  It has now been published as a 
joint product of the University of British Columbia, Canadian Forest Products, and the Biodiversity 
Centre for Wildlife Studies.   
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Project 3  Developing a conservation framework 
 
Although we obtained results revealing the utility of zoning, there are limitations to the benefits of 
zoning when applied to an area the size of TFL 48 (about 650,000 ha).  Benefits increase with the 
size of area zoned.  The detailed data necessary, however, were available only for the TFL.  
Towards the end of the first year of the project, when the industrial partner requested that a much 
larger area (18 million ha) be considered, a decision was made to apply some of the broad zoning 
principles within a conservation framework which developed into a third group of projects. 
 
 
Sub-project 5: A species accounting system for TFL 48. 
(Researchers involved: F.L. Bunnell, P. Vernier) 
 
The approach developed initially for songbirds was expanded to include all terrestrial vertebrates 
within a ‘species accounting system’.  Species naturally shift in density within areas in response 
to natural changes in the habitat or those induced by land-use practices.  The species accounting 
system is intended to allow credible estimates of where and when particular species will occur 
under differ regimes of forest planning and practice.  It has the following attributes:  
 

1) estimate approximate amounts and location within the TFL of suitable habitat for all2 
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. 

 
Species are assigned to one of 6 Groups that represent both their natural history and their 
amenability to monitoring.  Assignments were first made by I. Houde and R.W. Campbell.  These 
assignments were based primarily on natural history information and were subsequently modified 
by F. Bunnell to reflect different specific approaches to monitoring.  Groups are summarized in 
Table 1. 
 
Table 1.  Broad monitoring groups employed in the species accounting system for terrestrial 
vertebrates in TFL 48. 
 
Monitoring group Description 

1 generalists, species that inhabit many habitat types 

2 species which can be assigned to broad forest types (e.g., young hardwood stands). 

3 species with strong dependencies on specific elements (e.g., snags or shrubs) 

4 species restricted to specialized or highly localized habitats 

5 species for which patch size or connectivity may be important 

6 species primarily reliant on non-forested habitats 

 
 
 

                                                 
2   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 were created so appropriate action can be 
undertaken when that habitat is encountered in the field. 
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Sub-project 6: Tests of the accounting system 
(Researchers involved: F.L. Bunnell, P. Vernier) 
 
Assignment to some groups could be tested.  These tests were on sub-classes of the 6 groups in 
Table 1 (see Bunnell and Vernier 2007).  Only birds could be tested and not all of them.  Testing 
for a particular group or class within a group followed a 4-step procedure.  For each species:  
 
1. Tabulate occurrences by habitat type. 
2. Calculate standardized selection index that represents the ratio of observed to expected use of 
each habitat type [this quantity indicates the extent to which species' occurrences within different 
habitat types are proportional to their availability].   
3. Use Chi-squared test to determine whether selection across all habitat types is non-random. 
4. Calculate confidence intervals around the index to estimate whether each habitat type is 
selected for or against.  A habitat type is estimated to be selected for ("preferred") if the lower 
limit of the confidence interval is greater than the proportion of stations that were used; 
conversely, a habitat type is estimated to be selected against ("avoided") if the upper limit of the 
confidence interval is less than the proportion of stations that were used. 
 
Tests vary across monitoring groups.  For Groups 1, 2 and 6, tests of whether the initial 
assignment appeared correct followed this procedure.  For Group 1 there should be no significant 
differences between observed and expected.  For Group 2, species assigned a specific class 
(e.g., ‘old hardwoods’) should show a preference for that class and likely avoidance of other 
classes.  Species assigned to Group 6 should show preference for non-forested habitats.  Few 
tests are necessary for Group 3 because these kinds of habitat affinities are well known.  Group 4 
species elude tests unless habitat is measured in detail and Group 5 species are most likely to be 
apparent by specific patterns in distance from edge (from forest interior surveys). 
 
 
Sub-project 7: Developing a conservation framework  
(Researchers involved: F.L. Bunnell, L. Kremsater) 
 
The impetus to incorporate this sub-project began early in the second year, but the form that the 
framework should take was unclear.  Upon completion of Sub-project 2, it was apparent that the 
framework could not rely on simulated annealing to optimize zoning over the entire 18 million ha.  
Nor could the work on the framework begin rigorously until tests in Sub-project 6 were completed.  
Development of the framework relies upon data from all other sub-projects.  Because the project 
was not part of the initial proposal and the study area was initially very much smaller, there was 
no attempt to complete the work over the 18 million ha within the grant tenure.  The work 
schedule for year 3 stated: complete summary report on the status of the conservation plan.  The 
significant steps attained are summarized under Results.  It appears that the framework will be 
completed outside the grant tenure under contract with Canadian Forest Products.  
 
 
Results 
Because sub-projects were related and not discrete, findings of some projects are incorporated 
within discussion of others. 
 
 
Project 1: Zoning intensity of timber harvest 
 
 
Sub-project 1: Landscape-level zoning for TFL 48. 
We created a zoning solution that maximizes harvesting profit, protects biodiversity, and provides 
for a variety of other objectives such as ungulate winter range and recreation.  In particular, we 
have created new and improved methods for incorporating more accurate and detailed economic 
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data into the zoning procedure that results in better timber-oriented zones.   Results of a zoning 
run are summarized in Table 2. 
 
Table 2 summarizes achieved indicator percentages for a ZAM zone solution.  No solution 
successfully achieved all the indicator targets.  In fact, achieving all targets is impossible.  The 
indicators in many cases conflict with each other, so the process of finding a good solution is one 
of best compromise rather than finding the perfect land allocation that meets all goals.  The 
solution summarized is within 3.47% of achieving the area target for the Timber zone (Table 2, 
line 2).  In this case, the solution was slightly short of the target area value.  The habitat zone was 
assigned nearly 10% too much area, and the conservation zone 0.42% more than the target.  
Other runs came closer to the target values for the zone area category, but had to sacrifice 
performance in other indicators that were considered more important.   
 
The representation targets for ecosystem groups were derived from analysis of ecosystem 
representation and made proportional to the relative size of the zone.  With 10% of the land area 
allocated to the Conservation, allocating 10% of each ecosystem type into the Conservation zone 
is an important coarse filter process that preserves some habitat from all ecosystem types, even 
for species whose requirements are unknown.  The representation indicators for the conservation 
zone were met with very little deviance except for two ecosystem types: BWBS hydric wk 
(84.84%) and  ESSF subhygric - hygric mv (64.34%) (Table 2, lines 29 and 36).   Both of these 
ecosystem types have more than 99% of their total areas outside of the timber harvesting 
landbase.  So while the 1% of the area within the THLB was not distributed very well into the 
Conservation zone, the other 99% of the area will never be logged anyway.  The Timber and 
Habitat zones were less successful in their representation targets.  However, this is of lower 
priority, because both zones necessarily experience harvesting and major landscape 
modifications. 
 
The conservation zone was assigned a target for old stands (Age Indicator; Table 2, line 3), 
stands that were inoperable or made a loss in harvesting (Profit Indicator; Table 2, line 5), and the 
inoperable portions of the areas with partial harvesting designation (in support of Ecological and 
Economic indicators; Table 2, line 42).  All of these inoperable areas are fully forested and 
inoperable because of non-forest related reasons.  The target for old forest and inoperable stands 
was closely met, however the stands making a loss and partial harvest targets deviated widely.  
While it is not beneficial to miss any targets, missing the profit and partial harvesting indicator 
targets is the least damaging to the intent of the conservation zone.  It is more important to have 
good ecological representation and old stands in that zone than it is to have low profitability 
stands.  From an economics standpoint, not including stands with low profitability in the 
Conservation zone is bad, because they therefore are allocated into the Timber or Habitat zones. 
 
The Timber zone was allocated a high target within the higher profitability classes, to assist the 
economics objective.  While the target deviations given in Table 2 (lines 10 to 15) seem high 
(~30%), the targets were intentionally set at very aggressive levels, and were likely impossible to 
meet even if most other indicators were excluded.  This zoning result is consistent with a high 
level of land allocation into the Timber zone of highly profitable areas. 
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Table 2.  Percent deviation from target values for a ZAM Zoning solution.  Smaller numbers are 
better, with zero indicating a fully achieved target.  Blank cells indicate no targets were set for that 
indicator/zone category.  
 

Indicator Category Timber Habitat Conservation 
Zone Area Area 3.47 9.22 0.42 

Age < 120 years    
 >= 120 years   6.10 

Profit non-operable   6.89 
 loss   89.15 
 marginal 13.08 31.76  
 very low 23.24 41.66  
 low 33.18   
 moderate 30.09   
 high 27.17   
 very high 25.33   
 excellent 24.39   
 very excellent 25.42   
 best 28.93   

Operability inoperable   6.89 
 operable    

Ecosystem Group no data 0.39 5.21 0.09 
 BWBS subxeric mw1-02 36.86 104.36 1.14 
 BWBS xeric wk2-02 38.04 100.00 2.32 

 
BWBS submesic - mesic wk2-

03 38.71 100.00 1.90 

 
BWBS submesic - subhygric 

mw1 9.32 29.23 0.34 
 BWBS submesic mw/wk2 12.52 30.38 1.38 

 
BWBS subhygric - hygric 

mw1/wk2 26.86 74.62 5.20 
 BWBS subhydric mw1/wk2 68.90 192.73 5.05 
 BWBS submesic - mesic wk1 13.27 33.79 4.70 
 BWBS mesic wk1-01 13.77 33.29 0.32 
 BWBS subhygric wk1 37.57 89.19 20.57 
 BWBS hydric wk 40.08 69.23 84.84 
 SBS  subxeric wk2-02 23.75 64.08 9.10 
 SBS mesic - submesic wk2 22.17 56.18 0.62 
 SBS subhygric wk2 10.36 23.71 0.57 
 ESSF drier mv 12.10 28.96 0.74 

 
ESSF submesic -mesic - hygric 

mv 1.11 1.08 0.10 
 ESSF mesic - subhydric mv2 4.74 8.80 0.17 
 ESSF subhygric - hygric mv 1.32 26.59 64.34 
 ESSF subxeric wk2-02 1.20 0.40 1.10 
 ESSF mesic wk2-03 2.07 1.54 0.02 
 ESSF mesic - subhygric wk2 0.09 3.02 2.07 
 ESSF xeric wc3-02 0.25 5.11 0.77 
 ESSF wetter wc3 2.62 2.51 1.09 

Partial Harvest Full harvest 9.05 0.02  
 First nation operable  21.61  
 First nation inoperable   80.28 

 
Backcountry Recreation 

Operable  85.22  

 
Backcountry Recreation 

Inoperable   68.14 
 UWR Operable  96.34  
 UWR Inoperable   95.39 
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Sub-project 2: Ecosystem representation at the BEC variant level in northeastern British 
Columbia. 
We found that the study area has high responsibility for much of the provinces’ BWBS zone 
variants, as well as substantial proportions of the SBS and ESSF variants found in the foothills 
and northeastern slopes of the Rockies.  A significant proportion of the forested area of many of 
these variants are found in the NHLB (Table 3).  For a few variants with high responsibility in the 
region, ecosystem representation in the NHLB was low relative to the others, (BWBSmw2, 
BWBSwk2 and the SBSwk2). 
 
Table 3.  BEC variant responsibility for the study area and individual management units.  Variants 
with >50% responsibility are in bold. 

BC Total (ha) BE DAWSO ST NELSONE Total (ha) Total TFL 48
BWBSdk 1 2,611,328 0.0% 168,180 6.4% 0.0% 0.0% 6.4%
BWBSdk 2 1,493,059 0.0% 63.6 63.6949,994 0.0% 0.0%
BWBSmw 1 2,868,229 99.7 55.639.4%2,859,247 4.7% 0.0%
BWBSmw 2 7,614,097 26.5% 100.0 73.57,614,097 0.0% 0.0%
BWBSwk 1 328,898 0.0% 100.0 88.511.5%328,898 0.0%
BWBSwk 2 353,273 94.0 89.4332,165 3.7% 0.9% 0.0%
BWBSwk 3 151,073 3.0% 100.0 97.0151,073 0.0% 0.0%
ESSFmv 2 572,596 0.0% 96.0 68.127.9%549,794 0.0%

30.2% ESSFmv 4 781,315 32.1%250,547 1.7% 0.2% 0.0%
ESSFwc 3 906,749 0.0% 165,280 18.2% 7.4% 10.8% 0.0%
ESSFwk 2 603,546 0.0% 159,901 26.5% 9.4% 17.1% 0.0%
SBS wk 2 484,998 0.0% 49.1% 24.6%237,898 24.4% 0.0%
SWB mk 5,830,911 4.4% 34.7% 30.3%2,022,006 0.0% 0.0%

 
 
SWB mks 1,041,956 39.9%415,813 0.0% 0.0% 9.1% 30.8%

 
We found that six variants in the study area had significant seismic line activity, based on our 
evaluation of seismic line density (m/ha).  For these variants, area of NHLB not effected by 
seismic line activity were substantially lower than the original NHLB values (Table 4). 
 
Table 4.  NHLB without seismic line activity for variants with > 5% decrease in % NHLB. 

BEC Zone 
Forested 

(ha) 
NHLB 
 (ha) 

NHLB 
 (%) 

NHLB-NS1 
(ha) 

NHLB-NS1 
 (%) 

Decrease 
(%) 

BWBSmw 1 1,410,937 455,298 32.3% 287,355 20.4% 36.9% 
BWBSmw 2 4,554,278 2,949,451 64.8% 1,693,052 37.2% 42.6% 
BWBSwk 1 287,832 146,548 50.9% 110,602 38.4% 24.5% 
BWBSwk 2 272,136 119,560 43.9% 71,612 26.3% 40.1% 
BWBSwk 3 137,548 117,523 85.4% 103,301 75.1% 12.1% 
ESSFmv 2 478,075 249,600 52.2% 210,714 44.1% 15.6% 

1NS – no seismic activity. 
 
 
Seismic line density within the NHLB varied across the study area for the six variants having 
significant seismic activity.  We found that most NHLB area fell in ‘Moderate’ or ‘Low’ classes of 
seismic line density, with the exception of the BWBSmw2 (Table 5).   
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Table 5.  Seismic line density (m/ha) within the NHLB.  Percent is proportion of area within the 
density class relative to the entire NHLB. 

 
 
 
 
 
 
 
 

Low Moderate High
BEC Zone (1 - 39 m/ha) % (40 - 79 m/ha) % (80 + m/ha) %

BWBSmw 1 47,536 10.5% 92,992 20.5% 26,629 5.9%
BWBSmw 2 246,059 8.3% 691,128 23.4% 317,107 10.8%
BWBSwk 1 14,059 9.6% 19,199 13.1% 2,839 1.9%
BWBSwk 2 14,920 12.5% 26,038 21.8% 7,016 5.9%
BWBSwk 3 4,168 3.5% 7,871 6.7% 2,130 1.8%
ESSFmv 2 16,737 6.7% 19,616 7.9% 2,374 1.0%

 
 
Project 2 Songbird Studies 
 
 
Sub-project 3: Bird Surveys and analysis of integrated results. 
Results here include those acquired within other grants to Bunnell that preceded this grant from 
the Forest Sciences Program.  In 2002, seven transects (50 survey stations per transect) were 
established in TFL 48 in the vicinity of Chetwynd, Tumbler Ridge and Hudson's Hope.  In 2003, 
as recommended by Preston and Vernier (2003), six additional transects were established in 
under-sampled biogeoclimatic (BEC) subzones of TFL 48 for the purpose of increasing BEC 
representation and statistical power.  In 2004, two transects were added to TFL 48 in the vicinity 
of Tumbler Ridge.  In 2005, the Breeding Bird Survey project was expanded to include the Fort 
St. John Timber Supply Area (TSA).  Seven transects were established in the vicinity of Peejay, 
Buick Creek, and Pink Mountain.  All transects (n = 22) in TFL 48 and the Fort St. John TSA were 
surveyed in 2005, although Gwillim was only half-sampled because of a temporary highway 
closure.  The precise location of 1,070 bird survey stations was recorded using a Global 
Positioning System (GPS).  In 2006, based on recommendations by Vernier and Preston (2006), 
four additional transects were added in the Fort St. John TSA to increase BEC subzone 
representation and statistical power.  One of those routes (Pink Mountain) was specifically 
established to improve representation of subalpine and alpine habitats.  Gwillim was not sampled 
in 2006 because road conditions were not suitable.  Additionally, in 2006, 21 new transects were 
established in the Fort Nelson Forest District.  The number of stations surveyed per transects was 
generally 30, with the exception of 4 transects in which only 15-24 stations could be surveyed.  
Fort Nelson surveys are included only in Sub-project 7 and are not reported here where we 
combine TFL 48 and Fort St. John data. 
 
Since commencement of this monitoring project in 2002, the total number of bird records from 
BBS routes in both study areas is 26,643.  Combined, a total of 115 species were observed in 
2006, and for the period 2002-2006, a total of 132 species from all surveys have been observed.  
In TFL 48, the Swainson's Thrush was the most frequently detected species, followed by 
Warbling Vireo, White-throated Sparrow, Wilson's Warbler, and Tennessee Warbler.  In the Fort 
St. John TSA, the Yellow-rumped Warbler was the most frequently detected species, followed by 
Ruby-crowned Kinglet, Dark-eyed Junco, Swainson's Thrush, and Tennessee Warbler.  Among 
the 20 most frequently occurring species in TFL 48, no significant difference in rank was 
observed between TFL 48 and the Fort St. John TSA (Mann-Whitney U-test, Z = 0.257, P = 
0.797). 
 
Our estimates of richness and abundance in the Peace Forest District ranged from 28 to 54 
species, and from 181 to 454 birds, per transect, respectively.  Likewise, in the Fort Nelson 
Forest District, estimates of richness ranged from 20 to 41 species and abundance from 115 to 
372 birds. Our results indicate differences from predictions based on Breeding Bird Surveys for 
the period 1965 to 1979 in the Peace River region, where estimates of richness range from 50 to 
67 species, and bird abundance from 400 to 800 birds.  We attribute these differences to our 
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focus on forested habitats, compared to historical surveys that were generally in low-lying rural 
areas with greater habitat heterogeneity. 
 
Since BBSs began in TFL 48 in 2002, 32 species in this area have not yet been observed in the 
Fort St. John TSA.  Likewise, since BBSs began in the Fort St. John TSA, 16 species have not 
yet been observed in TFL 48.  Of the 32 unique species in TFL 48, two are provincially-listed 
species (Connecticut Warbler and Rusty Blackbird; BC Conservation Data Centre 2006).  Of the 
16 unique species in the Fort St. John TSA, one species is provincially-listed (LeConte's 
Sparrow). 
 
No species listed by the Committee on the Status of Endangered Wildlife in Canada were 
observed during surveys (although Canada Warbler will likely be listed in 2008).  In the Peace 
forest district there were 11 observations of Cape May Warbler, 2 observations of Bay-breasted 
Warbler, and 1 observation of Connecticut Warblet – all three are "Red-listed" species in British 
Columbia (British Columbia Ministry of Environment, BC Species and Ecosystems Explorer).  In 
the Fort Nelson Forest District there were 3 detections of Connecticut Warbler.  There were 
several observations of "Blue-listed" species that included Barn Owl (1 in Peace), Barn Swallow 
(n = 8 in Peace), Black-throated Green Warbler (n = 48 in Peace), Canada Warbler (n = 10 in 
Peace, n = 27 in Fort Nelson), and LeConte's Sparrow (n = 2 in Peace).   
 
Of the 16 species for which homogeneity of variance was not violated, five had significant trends 
(P < 0.05). The Wilson's Warbler and Chipping Sparrow show decreases, while Warbling Vireo, 
American Robin, and Tennessee Warbler show increases.  Among the 16 species with 
homogenous variance, mean abundance of 12 species was significantly different on at least one 
route compared to that species' mean abundance over all routes.  For example, the Ovenbird, on 
average, was significantly more abundant on Sukunka (P < 0.01), and significantly less abundant 
on Westcoast-Highhat (P < 0.01) and Hasler FSR (P < 0.01), compared to mean abundance over 
all routes (see Preston et al. 2007 for details).  Differences in relative abundance among routes 
are most likely attributed to inter-route differences in the amount of suitable habitat available for 
each species.  The BBS data have been the main source of assigning species to habitat; tests of 
habitat associations are summarized in results for Sub-project 6.  
 
Species richness and diversity were similar between the two BBS routes and orthophotos, 
although total bird abundance was greater using the orthophoto method.  In terms of spatial 
resolution, the percentage of detections in the 50-m class was substantially greater using the 
BBS method compared to the percentage of detections using the orthophoto method (Figure 1).  
Thus, a larger percentage of bird detections occurred >50 m from the observer when the 
orthophoto method was used.   
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Figure 1. Percentage of bird detections within each sampling band using the Breeding Bird Survey (BBS) 
and orthophoto spot-mapping method for the same route. This route was sampled on the same day, and at 
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about the same time, by two different observers. The figure illustrates a considerable difference in distance 
estimations when the spot-mapping technique is used.  The total number of birds detected by each observer 
differed by only 6.5%, but was greater using the orthophoto method. 
 
While some of the spatial variation might be attributed to differences in an observer’s ability to 
estimate distance accurately, it seems more probable that it is the method employed that explains 
most of the variation.  Figure 1 further supports this conclusion, because although different 
observers were used, it is unlikely that such a large discrepancy in spatial resolution would arise 
given that the data was collected at approximately the same time. Thus, with the aid of an 
orthophoto, individual bird detections appear to be more accurately located with respect to the 
bird survey station. 
 
Comparable woodpecker observations for woodpecker playback and Breeding Bird Survey 
methods (all routes) were 47 versus 85 and 26 versus 80 for TFL 48 and the FSJ TSA, 
respectively.  The Yellow-bellied Sapsucker was the most frequently detected species using both 
methods, followed by Northern Flicker, Hairy Woodpecker, and Pileated Woodpecker. In both 
forest management units, the Pileated Woodpecker was the only species not detected using the 
woodpecker playback method.  To increase sample size we combined data from Dawson Creek 
and Fort St John. 
 
Table 6 summarizes the results of the logistic regression analysis of the effects of survey type on 
the number of detections of woodpecker species.  The odds ratio provides an indication of the 
direction and magnitude of the effect of survey type.  For example, an odds ratio of 5.48 for 
Northern Flicker in the Peace River implies that the odds of detecting a Northern Flicker (versus 
not detecting one) using call playback are 5.48 times greater than the odds of detecting the same 
species using point counts. 
 
Table 6. Odds ratios of species occurrence by survey type in Dawson Creek and Fort St. John 
areas.   

Species 
 

Playback 
present/absent 

BBS 
present/absent 

Odds ratio 
 

95% CI 
 

HAWO 4/136 4/136 1.00 0.25-4.08 

NOFL 15/125 3/137 5.48*** 1.55-19.38 

PIWO 0/140 4/136   

YBSA 54/140 17/140 4.54*** 2.47-8.37 
 
 
The Z-test comparing proportion of stations having woodpeckers using the BBS method to the 
proportion of stations having woodpeckers using the playback method affirmed results of Table 6.  
In terms of sampling effort, the Northern Flicker and Yellow-bellied Sapsucker were both more 
likely to be detected using the woodpecker playback method (P < 0.05).  The Hairy Woodpecker 
was observed infrequently (n = 4) during woodpecker playbacks, and even though the species 
was more common from BBS (n = 17), a preferred method could not be determined. The Pileated 
Woodpecker was not detected using woodpecker playback methods, and so statistical 
significance could not be evaluated.  The BBS method produced 17 Pileated Woodpecker 
observations, a return of 1.5% of all stations sampled, compared to 112 detections of Yellow-
bellied Sapsuckers (9.6% of all stations sampled). 
 
The forest-interior surveys were of longer duration than BBS surveys and richness increased with 
duration of the count (Figure 2).  There was, however, no significant difference in species 
richness between interior forest (4.50 ± 0.426 SE) and linked BBS stations (4.45 ± 0.340 SE; F = 
0.005, P = 0.943).  There also was no significant difference in bird abundance between interior 
forest (5.40 ± 0.564 SE) and BBS stations (6.00 ± 0.505 SE; F = 0.498, P = 0.486).  Homogeneity 
of variance was satisfied for both tests (P > 0.05).   
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Figure 2. Mean species richness as a function of cumulative sample time from interior mature softwood 
stands. 
 
The data suggest that some individual species may be underestimated by BBS surveys.  Golden-
crowned Kinglet, Townsend's Warbler and Winter Wren were well represented from interior 
forested bird stations, but absent from the BBS stations (although they have been detected from 
BBS stations not paired with the forest-interior surveys). The only listed-species detected, the 
Black-throated Green Warbler, was from one interior forest station that had a gap-opening 
occupied by mature mixedwoods.  
 
 
Project 3  Developing a conservation framework 
 
 
Sub-project 5: A species accounting system for TFL 48. 
A manuscript combining bird monitoring data with forest inventory and biogeoclimatic data to 
develop species-habitat relationships that can be readily added to existing GIS databases was 
drafted in Year 2 and is now in press in the BC Journal of Ecosystems and Management (Vernier 
and Bunnell in press).  Coupled with Subproject 6, implementation of the approach to 
conservation planning can now consider all terrestrial vertebrates within the larger management 
area.  The manuscript demonstrates the approach for TFL 48 in northeastern British Columbia 
using birds, the richness vertebrate group.  Since the article, the expansion and further tests 
reported under Sub-project 6 were completed.   
 
A web module has been prepared, demonstrating the approach and providing results for a 
number of bird species (URL: 3614b.forestry.ubc.ca/nebc/).   
 
 
Sub-project 6: Tests of the accounting system 
Expansion beyond birds was permitted by FSP grant Y071014 to Bunnell addressing application 
of coarse filter approaches.  For TFL 48, 5 years of data were available.  Statistical associations 
with the assigned monitoring group or for classes within groups were tested for 53 species for the 
TFL (Table 7).    
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Table 7.  Current assignment of forest-dwelling vertebrate species to accounting and monitoring 
groups within Canadian Forest Products TFL 48.  Numbers in brackets indicate number of 
species statistically evaluated for assignment to the group or to classes within the group. 
  
Monitoring group No. Monitoring 
1  Generalists 71 (9) None necessary 
2  Broad forest types  53 (33) Tabular look up 
3  Habitat elements 94 (8) Guided practices; 

implementation 
monitoring 

4  Localized habitats 9 (0) Standard operating 
procedures 

5  Habitat distribution 6 (1) Spatial analysis 
6  Non-forested 21 (2) Not monitored 

 
 
Data for tests were derived primarily from Sub-project 3.  Tests for Groups 1, 2 and 6 were all 
specified at p < 0.05.  The methods of tests allowed us to distinguish both preference and 
avoidance of particular classes.  Statistical evaluation focused on species assignments to habitat 
classes within Group 2 because correct assignments there have the greatest impact on reducing 
costs of monitoring.  Some generalists were tested to ensure that initial assignment to the group 
was correct.  Two Group 6 species were tested simply to ensure accuracy of the initial 
assignment to the group.  For most species in Group 3, tests are unnecessary because they are 
known to require cavity sites, wetlands or other habitat elements within that Group.  The nature of 
localized habitats makes Group 4 impossible to test.  Evaluation for Group 5 species exploited 
the forest interior surveys of Sub-project 3.  Results for the Golden-crowned Kinglet and fisher, 
which were initially assigned to Group 5, are shown in Figure 3.   
 
Data of Figure 3 indicate that the Golden-crowned Kinglet avoids edge and is thus responsive to 
patch size.  It also shows a significant preference for old, conifer leading stands (Bunnell and 
Vernier 2007).  Forest interior studies indicate that abundance is depressed only within 200 m of 
an opening.  Simple GIS analysis indicates that the area of conifer-leading stands >90 years old 
and more than 200 m from edge within the NHLB is 107,094.  Given that territory size for the 
Golden-crowned Kinglet is <2.5 ha (review in Ingold and Galati 1997), the species is not under 
threat within the TFL.   An analogous assessment was made for the fisher.  Radio-tracking of the 
fisher indicates it is limited to the BWBSmw1 variant, although a variety of forest cover types were 
used.  Simple GIS analysis of area of BWBSmw1 in the NHLB indicates that most potential fisher 
habitat in the NHLB is in patches of 100 ha plus and much is in patches of 1000 ha plus (Figure 
3b). 
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Figure 3.  Distribution of selected Group 5 species.  a) Golden-crowned Kinglet was more likely to be 
found in the forest interior than at the roadside or other edges. b)  Most of fisher habitat is in larger patch 
sizes. 
 
Of the 53 species for which it was possible to test initial assignments, 49 (92%) were correct.  
The current state of the system and results of the tests are summarized in (Bunnell and Vernier 
2007).  The species accounting system could not be applied in the same detail to all corporate 
divisions.  The template developed for TFL 48 will serve as a framework for all three corporate 
divisions of the industrial partner within the 18 million ha study area.  Details such as species and 
BEC variants present differ, but the basic approach is the same.    
 
 
Sub-project 7: Developing a conservation framework 
Because this sub-project was added on to the initial proposal after the first year and the study 
area was greatly expanded, no attempt was made to complete the work within the grant tenure.  
Nonetheless important steps were undertaken within the grant tenure: 
 

• The species accounting system and summaries similar to Table 7 were completed from 
the three major portions of the study area: TFL 48, Fort St. John TSA and Fort Nelson 
TSA.  A summary including all vertebrates known or expected to occur in these areas 
and their relative abundance is provided in Appendix 1. 

 
• The implications of the species accounting system were taken through to the 

effectiveness monitoring stage for TFL 48 where 5 years of data were available (Bunnell 
and Vernier 2007). 

 
• New standard operating procedures were devised for Group 4 species occurring over the 

entire 18 million ha area (Kremsater and Bunnell 2007a). 
 
A draft approach for application to the entire 18 million ha has been created (Kremsater and 
Bunnell 2007b). 
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Discussion 
 
 
Zoning 
 
We compared a multiple-use management regime against landscape-level zoning scenarios on 
TFL48, a 650,000 ha landbase in northeastern British Columbia.  A baseline scenario modeling 
the current multiple-use management was created that found the highest available profit of $15 
million/yr could be maintained while meeting all harvesting and ecological targets.  The zoning 
scenarios first split up the landbase into three management zones, with widely ranging harvesting 
intensities and importance of ecological indicators.  Landscape percentages allocated into each 
zone were:  Timber zone (65%), Habitat zone (25%) and Conservation zone (10%).  The zones 
were created based on a number of objectives, with the most important being proportional 
ecological representation of area of each of 23 ecosystem groups into each of the three zones, 
followed by various ecological and profit criteria.  Harvest targets were supplied for each zone 
type, with high intensity harvesting in the Timber zone, and little or no harvesting in the Habitat 
zone.  
 
We found that the zoning scenarios were able to maintain or exceed all target indicator levels 
compared to the baseline multiple-use scenario, despite restricting harvest levels to a smaller 
proportion of the landbase, primarily within the Timber zone.  The decreased harvesting in the 
Habitat zone and virtual elimination of harvesting in the Conservation zone dramatically increases 
the area of forest that would remain unmodified by industrial activity on the TFL.  That contributes 
significantly to conservation objectives. 
 
Even at the variant level, representation analysis is revealing and could be used to guide zoning 
when coupled with regional responsibility analysis (Table 3).  Oil and gas exploration is not 
uniformly distributed across BEC variants and has greater impact in some variants than in others 
(Table 4).  Though the impacts of exploration activities are poorly documented in British 
Columbia, it is apparent that they may have a significant effect.  Efforts to zone for conservation 
planning cannot rely solely on estimates of the non-harvestable landbase without considering 
impacts of exploration activities. 
 
 
Songbird Surveys 
 
To date, the greatest value of the songbird surveys has been in testing assignment of species to 
monitoring groupings (Subproject 6) and providing inventory for a region that has not received 
significant sampling.  There are additional values.  Trend data used by NatureServe and 
ultimately COSEWIC and SARA to list species are derived from Breeding Bird Surveys.  Prior to 
establishment of routes within this project, species in the region were scantily and irregularly 
sampled (see Preston et al. 2007).  Moreover, previously existing BBS routes made no attempt to 
acquire a representative sample of the habitat in the area.  We obtained results sometimes 
contrary to the BBS data compiled by the United States Geological Survey (USGS).  In British 
Columbia, the USGS reports that of the 18 species we tested for trend, 12 show no significant 
change, two show an increase and four show a decrease.  Of the two increasing species, data 
from our study confirms an increase in the abundance of Warbling Vireo, but contradicts the trend 
for Ovenbird, which appears to be decreasing in our study area.  Among the four decreasing 
species reported by the USGS, we confirmed this trend for Wilson's Warbler, but found no 
significant trend for Dark-eyed Junco, Orange-crowned Warbler and Yellow Warbler.  Among the 
species showing no trend by the USGS, we observed a significant decrease in Chipping Sparrow, 
and a significant increase in American Robin and Tennessee Warbler.  We stress that our trend 
analyses are preliminary, but also note that trends reported by the USGS may be unreliable for 
northeastern British Columbia due to the paucity of routes and their limited distribution.  Given 
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that listing by SARA frequently necessitates responses in forest management practice, the utility 
of reliable local data is great. 
 
Based on our findings, data collected using orthophoto spot-mapping was of similar quality (i.e., 
similar species richness, frequency of occurrences, and species abundance) to that of the BBS 
method, although spatial resolution was improved with the new approach.  In our pilot project, 5-
min surveys were used instead of 3-min surveys, thus resulting in fewer stations being sampled 
on any given route (30 versus 50).  Subsequently, from our assessment of the two methods, we 
found that the orthophoto method should be achievable using a 3-minute sample period over 50 
stations, and that the cost per station in terms of data quality and acquisition should be nil or 
minimal compared to either the loss of ~550 survey stations over the entire study area, or the 
cost of adding 18 labour days to survey those stations.  As a result of our findings, we 
recommend that all future BBSs be conducted using the orthophoto spot-mapping technique to 
attain these advantages: 
 

1. increased spatial resolution for linking species to VRI polygons (increasing the credibility 
and utility of the species accounting system); 

2. increased precision in calculating detectability rates among species; 
3. minimal compromise to earlier data for estimating trends; and 
4. annual ground-truthing of habitat with orthophotos and VRI data. 

 
If, however, using orthophotos consistently required a 5-min sampling period to record data, 
which in turn reduced the number of stations per route to 30 from 50, there would be a significant 
loss in power to detect trends.  
 
The pilot study of the woodpecker playback method indicates that the BBS method is less 
efficient at determining species presence per unit of sampling effort compared to woodpecker 
playbacks.  However, because of the time required to complete each woodpecker playback 
survey, the total number of stations,and subsequently the area covered and habitat types 
sampled, are greatly diminished.   Based on our findings, and from reviewing literature on "peak" 
drumming or calling periods for the species of interest, we provide two suggestions for improving 
the monitoring of woodpeckers. 
 

1. Woodpecker playbacks should occur earlier in the season, and earlier in the morning. 
They should be independent of the BBS, to allow for a substantial increase in the number 
of stations that can be sampled.  Number of sampling stations must be larger to satisfy 
assumptions of more robust analytical techniques. 

2. Continue gathering woodpecker data using the BBS method to facilitate future 
comparisons with woodpecker playback data, and to maintain the coverage and habitat 
representation afforded by the BBS method. 

 
Any decision to focus attention on a specific group, such as woodpeckers, should be guided by 
reducing management uncertainties or specific management questions. 
 
There was little evidence of a strong distance effect in our pilot study of interior forest sampling.  
The five most abundant species showed no significant difference in abundance between plots 
closer to the road on average than farther away.  However, three species (Golden-crowned 
Kinglet, Winter Wren, and Townsends Warbler) appear to be more abundant away from edges 
(e.g., Figure 3).  
 
Available songbird data permitting testing of assignment to monitoring group for 53 species.  The 
fact that 92% of initial assignments were correct indicates that the accounting system is largely 
credible.  
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Conservation framework 
 
Although it was initiated late in the project, incorporating the findings into a broader framework 
has satisfactorily addressed some major issues necessary to conserve biological diversity.  All 
three Divisions have reserved from harvest ecosystem types that were relatively rare or under-
represented in the non-harvestable landbase.  That action serves to protect species and 
processes about which little is known.  New standard operating procedures have been developed 
to accommodate 15 species whose habitats are sufficiently specialized that they were not 
addressed within the practices specified by SFM plans for the three corporate Divisions 
(Kremsater and Bunnell 2007a).  Both implementation and effectiveness monitoring has been 
focused in a cost effective fashion through the species accounting system (Bunnell and Vernier 
2007).  Combined implementation and effectiveness monitoring is necessary for those new 
standard operating procedures that are not precautionary, and for elements of habitat that the 
accounting system revealed as potentially troubling (e.g., shrubs and mature hardwoods in TFL 
48; stubbing to maintain cavity nesters in Fort St. John).   An initial group of focal species was 
derived for tenure-wide effectiveness monitoring for TFL 48 (Bunnell and Vernier 2007). 
 
 
Conclusions and management implications 
 
We found that the zoning scenarios can maintain or exceed the economic flows from the 
landscape as compared to the multiple-use scenarios, primarily from a smaller, but more 
intensive, Timber zone.  In a zoning scenario, we were able to completely eliminate harvesting in 
the Conservation zone, and increase harvesting in the Timber zone to 80% of the baseline total 
AAC.  This 80% was taken from only 65% of the total area, increasing the harvesting intensity in 
the Timber zone.  The remaining 20% of the harvesting was done in the Habitat zone.  Over 25% 
of the area, the harvesting intensity on the Habitat zone was slightly reduced.  Other analyses 
have found that zoning creates benefits by reducing road building distances and costs.  A 
reduced road network produces ecological benefits from better water quality and flow, as well as 
increases in the interior areas of adjacent forest stands.  However, we found little to no difference 
in road building distance, average maintained road network length per year or road building costs.  
However, given the additional benefits from the ecological, social, and management features of 
zoning, our findings present a favourable picture of zoning over multiple-use. 
 
In northeastern British Columbia, oil and gas exploration have a more extensive influence than do 
forest activities.  Because exploration expands so rapidly it is difficult to assess where 
conservation efforts within a management forest should occur.  Because the nature of exploration 
is so changeable, its impacts hinder attempts at zoning.  
 
Where songbird data allowed testing of assignment to monitoring groups within the species 
accounting system, the initial assignment was correct in 92% of the cases.  That suggests that 
the implications to monitoring derived from the system are credible.  Using statistical relationships 
between species occurrence and habitat type, we found that forest cover/age class is a better 
predictor of habitat suitability than biogeoclimatic classes for most species, but together the two 
classification systems provide more information for predicting species occurrences.   The 
accounting system combined with elements of zoning permitted progress on a conservation 
framework extending over 18 million ha.  Developing credible assignments of species to 
monitoring groups within the species accounting system has the compelling advantages of 
including all forest-dwelling vertebrates 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.  Major steps beyond the species accounting system were the creation of new standard 
operating procedures for highly localized species, simple forms of evaluating species for which 
habitat distribution is important and cost-effective focus of implementation and effectiveness 
monitoring.   
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Appendix 1.  Terrestrial verebrates occuring on Canadian Forest Products tenure in northeastern  
British Columbia. 

Species NameCommon Name1 BC2 COSEWIC3 Global4 SAS5

Status Status Response Group Com Ucom Cas Com Ucom Cas Com Ucom Cas
Amphibians
Boreal Chorus Frog Pseudacris maculata Y 1 3(w) x x x  
Columbia Spotted Frog Rana luteiventris Y NaR 5 3(w) ? local  x
Long-toed Salamander Ambystoma macrodactylum Y 4 3(w)  x x
Western (Boreal) Toad Bufo boreas Y SC 4 3(w) x x x
Wood Frog Rana sylvatica Y 2 (N-5) 4 x  x   x  
Reptiles
Common Garter Snake Thamnophis sirtalis Y 2 3(w) x x  x  
Western  Garter Snake Thamnophis elegans Y 2 3(w) x  
Birds
Alder Flycatcher Empidonax alnorum Y 2 (N-5, 2 (R) x x x
American Bittern Botaurus lentiginosus B 2 (N-5, 3(w) x x x
American Coot Fulica americana Y NaR 2 3(w) x x x
American Crow Corvus brachyrhynchos Y 2 1 x x x
American Dipper Cinclus mexicanus Y 3 3(r) x x x
American Kestrel Falco sparverius Y 2 3 (cav) x x x
American Pipit Anthus spinoletta Y 2 6(AT) x  x  x  
American Redstart Setophaga ruticilla Y 2 (N-5, 2 (H2) x x x
American Robin Turdus migratorius Y 2 1(BEC) x  x  x  
American Three-toed Picoides dorsalis Y 2 (N-5) 3 (cav) x x x
American Tree Sparrow Spizella arborea Y 2 1 x x x
American Wigeon Anas americana Y 2 (N-5, 3(w)_ x x x
Bald Eagle Haliaeetus leucocephalus Y 4 3(lt) x  x  x
Baltimore Oriole Icterus galbula Y 1 2 x x x
Bank Swallow Riparia riparia Y 2 6 x x x
Barn Swallow Hirundo rustica Y 2 6(MM) x  x  x  
Barred Owl Strix varia Y 2 1 x x x
Barrow's Goldeneye Bucephala islandica Y 5 to 6 3(r) x  x  x  
Bay-breasted Warbler Dendroica castanea R 1 (N-5, 2 x x x
Belted Kingfisher Ceryle alcyon Y 2 (N-5, 3(r,w) x x x
Black Tern Chlidonias niger Y NaR 2 3(r) x x x
Black-and-white Warbler Mniotilta varia Y 1 (N-5, 3(r) x x x
Black-backed Woodpecker Picoides arcticus Y 2 (N-5) 3 (cav) x x x
Black-billed Magpie Pica hudsonia Y 2 1 x x x

Fort Nelson6 Fort St. John6 Dawson Creek6
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Common Name1 Species Name BC2 COSEWIC3 Global4 SAS5

Status Status Response Group Com Ucom Cas Com Ucom Cas Com Ucom Cas
Black-capped Chickadee Poecile atricapilla Y 2 (N-5, 3 (cav) x  x  x  
Blackpoll Warbler Dendroica striata Y 2 (N-5, 2 (C2,C1) x x x
Black-throated Green Dendroica virens B 1 (N-5, 2 (C2) x x x
Blue Grouse Dendragapus obscurus Y 5 1  x  x
Blue Jay Cyanocitta cristata Y 1 6(MM) x x x
Blue-headed Vireo Vireo cassinii Y 3 2 (C2,C1) x x x
Blue-winged Teal Anas discors Y 2 3(w) x x x
Bohemian Waxwing Bombycilla garrulus Y 2 3(r) x x x
Bonaparte's Gull Larus philadelphia Y 2 (N-5, 3(w) x x x
Boreal Chickadee Poecile hudsonica Y 2 3 (cav) x  x  x  
Boreal Owl Aegolius funereus Y NaR 2 3 (cav) x x x
Broad-winged Hawk Buteo platypterus B 0 2 x x x
Brewer's Blackbird Euphagus cyanocephalus  Y 2 1 x x x
Brown Creeper Certhia americana Y 2 2 (C2) x x  x  
Brown-headed Cowbird Molothrus ater Y 2 1 x x x
Bufflehead Bucephala albeola Y 2 (N-5, 3(r) x x x
Calliope Hummingbird Stellula calliope Y 3 1 x x x
Canada Goose Branta canadensis Y 2 (N-5, 3(w) x  x  x  
Canada Warbler Wilsonia canadensis B 1 (N-5, 4/3(sh) x x x
Canvasback Aythya valisineria Y 2 (N-5, 3(r) x x x
Cape May Warbler Dendroica tigrina R 1 (N-5, 2 x x x
Cedar Waxwing Bombycilla cedrorum Y 2 3(sh) x x x
Chestnut-backed Poecile rufescens Y 4 3 (cav) x
Chipping Sparrow Spizella passerina Y 2 (N-5, 1(BEC) x x x
Cinnamon Teal Anas cyanoptera Y 1 3(w) x x x
Clark's Nutcracker Nucifraga columbiana Y 3 2 x x
Clay-colored Sparrow Spizella pallida Y 2 (N-5, 2 (R) x x x
Cliff Swallow Petrochelidon pyrrhonota Y 2 6(MM) x  x  x  
Common Goldeneye Bucephala clangula Y 2 (N-5, 3(r) x x x
Common Grackle Quiscalus quiscula Y 1 1 x x x
Common Loon Gavia immer Y NaR 2 (N-5, 3(r) x x x
Common Merganser Mergus merganser Y 2 (N-5, 3(r) x x x
Common Nighthawk Chordeiles minor Y 2 2 x x x
Common Raven Corvus corax Y 2 1 x x x
Common Redpoll Carduelis flammea Y 2 1 x x x
Common Yellowthroat Geothlypis trichas Y 2 3(r,w)) x x x

Fort Nelson6 Fort St. John6 Dawson Creek6
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Common Name1 Species Name BC2 COSEWIC3 Global4 SAS5

Status Status Response Group Com Ucom Cas Com Ucom Cas Com Ucom Cas
Connecticut Warbler Oporornis agilis R 1 (N-5, 2 x x x
Dark-eyed Junco Junco hyemalis Y 2 (N-5, 1(BEC) x  x  x  
Downy Woodpecker Picoides pubescens Y 2 3 (cav)/2 x (low x x  
Dusky Flycatcher Empidonax oberholseri Y 2 2 ® x x x
Eared Grebe Podiceps nigricollis Y 1 3(w) x x x
Eastern Kingbird Tyrannus tyrannus Y 2 3(r) x x x
Eastern Phoebe Sayornis phoebe Y 1 6(MM) x x  x
Evening Grosbeak Coccothraustes vespertinus Y 2 (N-5, 2 x x  x  
Fox Sparrow Passerella iliaca Y 2 (N-5, 2 (C1,C2) x  x  x  
Gadwall Anas strepera Y 1 3(w) x x x
Golden Eagle Aquila chrysaetos Y NaR 2 1 x x x
Golden-crowned Kinglet Regulus satrapa Y 2 (N-5, 5 x  x  x
Golden-crowned Sparrow Zonotrichia atricapilla Y 3 6 x x x
Gray Jay Perisoreus canadensis Y 2 (N-5) 2 (C2) x  x   x
Gray-crowned Rosy Finch Leucosticte tephrocotis Y 3 6(AT) x  x
Great Gray Owl Strix nebulosa Y NaR 2 2 x x x
Great Horned Owl Bubo virginianus Y 2 1 x  x  x 
Greater Yellowlegs Tringa melanoleuca Y 2 (N-5, 3(w) x x x
Green-winged Teal Anas crecca Y 2 3(w) x  x  x  
Hairy Woodpecker Picoides villosus Y 2 3 (cav) x  x  x  
Hammond's Flycatcher Empidonax hammondii Y 4 1 x  x  x
Harlequin Duck Histrionicus histrionicus Y 3 3(r) x x x
Hermit Thrush Catharus guttatus Y 2 (N-5, 1 x  x  x  
Herring Gull Larus argentatus Y 2 6(I) x  x  x  
Hoary Redpoll Carduelis hornemanni Y 2 1 x  x 
Hooded Merganser Lophodytes cucullatus Y 2 3(w) x x x
Horned Grebe Podiceps auritus Y 4 (N-5, 3(w) x  x  x  
Horned Lark Eremophila alpestris Y strigata E 2 6(MM) x  x   x
House Wren Troglodytes aedon Y 2 3 (cav) x x x
Killdeer Charadrius vociferus Y 2 6(MM) x x x
Le Conte's Sparrow Ammodramus leconteii B 1 4 x x x
Least Flycatcher Empidonax minimus Y 2 (N-5, 2 (H2) x x x
Lesser Scaup Aythya affinis Y 2 (N-5, 3(w) x x x
Lesser Yellowlegs Tringa flavipes Y 2 (N-5, 3(w) x x x
Lincoln's Sparrow Melospiza lincolnii Y 2 (N-5, 2 (R) x  x  x  
Long-eared Owl Asio otus Y 2 1 x x x

Fort Nelson6 Fort St. John6 Dawson Creek6
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Common Name1 Species Name BC2 COSEWIC3 Global4 SAS5

Status Status Response Group Com Ucom Cas Com Ucom Cas Com Ucom Cas
Macgillivray's Warbler Oporornis tolmiei Y 4 2 (R) x x  x
Magnolia Warbler Dendroica magnolia Y 2 (N-5, 2 (H2) x x x
Mallard Anas platyrhynchos Y 2 3(w) x x x
Marsh Wren Cistothorus palustris Y 2 3(w) x  x x
Merlin Falco columbarius Y NaR 2 2 x  x  x  
Mountain Bluebird Sialia currucoides Y 2 1 x x x
Mountain Chickadee Poecile gambeli Y 3 3 (cav) x x  
Mourning Warbler Oporornis philadelphia Y 0 (N-5, 3(sh) x x x
Nelson's Sharp-tailed Ammodramus nelsoni R 1 4/3(w) x x
Northern Flicker Colaptes auratus Y 2 3 (cav) x  x  x  
Northern Goshawk Accipiter gentilis Y laingi 2 5 x x x
Northern Harrier Circus cyaneus Y NaR 2 3(w) x x x
Northern Hawk Owl Surnia ulula Y NaR 2 3 (cav) x x x
Northern Pintail Anas acuta Y 2 (N-5, 3(w) x x x
Northern Pygmy Owl Glaucidium gnoma NAR 3 (cav) X X
Northern Rough-winged Stelgidopteryx serripennis Y 2 6(MM) x x x
Northern Saw-whet Owl Aegolius acadicus Y 2 3 (cav) x x
Northern Shoveler Anas clypeata Y 2 (N-5, 3(w) x x x
Northern Shrike Lanius excubitor Y 2 3(sh) x x x
Northern Waterthrush Seiurus noveboracensis Y 2 (N-5, 3(r,w) x x x
Olive-sided Flycatcher Contopus cooperi Y 2 (N-5, 1 x x x
Orange-crowned Warbler Vermivora celata Y 2 (N-5, 2 (R) x  x  x  
Osprey Pandion haliaetus Y 2 3(w) x x x
Ovenbird Seiurus aurocapillus Y 1 (N-5, 2 (H2) x x x
Pacific-slope Flycatcher Empidonax difficilis Y 4 3 (cav) x  x 
Palm Warbler Dendroica palmarum Y 1 (N-5, 3(w)/4 x x x
Peregrine Falcon Falco peregrinus anatum R Th 2 6(cl) trans trans trans
Philadelphia Vireo Vireo philadelphicus B 1 (N-5, 2 x x x
Pied-billed Grebe Podilymbus podiceps Y 1 3(w) x x x
Pileated Woodpecker Dryocopus pileatus Y 2 (N-5) 3 (cav) x  x  x  
Pine Grosbeak Pinicola enucleator Y 2 2 (C2) x  x  x  
Pine Siskin Carduelis pinus Y 2 (N-5) 1 x x x
Purple Finch Carpodacus purpureus Y 2 (N-5, 2 x  x x  
Red Crossbill Loxia curvirostra Y 2 2 (C2) x x x
Red-breasted Nuthatch Sitta canadensis Y 2 (N-5, 3 (cav) x x x
Red-eyed Vireo Vireo olivaceus Y 2 2 (H2) x x x

Fort Nelson6 Fort St. John6 Dawson Creek6
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Common Name1 Species Name BC2 COSEWIC3 Global4 SAS5

Status Status Response Group Com Ucom Cas Com Ucom Cas Com Ucom Cas
Redhead Aythya americana Y 1 3(w) x x x
Red-necked Grebe Podiceps grisegena Y NaR 2 3(w) x x x
Red-tailed Hawk Buteo jamaicensis Y NaR 2 2 x  x  x  
Red-winged Blackbird Agelaius phoeniceus Y 2 3(w) x  x  x  
Ring-necked Duck Aythya collaris Y 2 (N-5, 3(w) x x x  
Rose-breasted Grosbeak Pheucticus ludovicianus Y 1 2 (H2) x x x
Ruby-crowned Kinglet Regulus calendula Y 2 (N-5, 2 (C2) x  x  x  
Ruddy Duck Oxyura jamaicensis Y 2 3(w) x x x
Ruffed Grouse Bonasa umbellus Y 2 (N-5) 2 x  x  x  
Rufous Hummingbird Selasphorus rufus Y 5 1 x x  x  
Rusty Blackbird Euphagus carolinus Y 2 (N-5, 3(w) x x x
Sandhill Crane Grus canadensis B 2 (N-5, 4 x x x
Savannah Sparrow Passerculus sandwichensis Y 2 (N-5, 6(G) x x x
Sharp-shinned Hawk Accipiter striatus Y NaR 2 (N-5, 2 x  x  x  
Sharp-tailed Grouse Tympanuchus phasianellus Y 2 (N-5) 4 x  x x  
Short-eared Owl Asio flammeus B SC 2 6(MM) x x trans
Snow Bunting Plectrophenax nivalis Y 2 (N-5, 6(MM) x x x
Snowy Owl Nyctea scandiaca Y NaR 2 6(MM) x x x 
Solitary Sandpiper Tringa solitaria Y 2 (N-5, 3(w) x   x x x 
Song Sparrow Melospiza melodia Y 2 3(w) x  x  x  
Sora Porzana carolina Y 2 (N-5, 3(w) x x x
Spotted Sandpiper Actitis macularia Y 2 (N-5, 1 x x x
Spruce Grouse Falcipennis canadensis Y 2 (N-5) 5 x  x  x  
Steller's Jay Cyanocitta stelleri Y 3 2 (C2) x x 
Surf Scoter Melanitta perspicillata B 4 3(r) x  x trans
Swainson's Thrush Catharus ustulatus Y 2 (N-5, 2 (MW2) x x x
Swainson's Hawk Buteo swainsoni R 1 2 trans trans
Swamp Sparrow Melospiza georgiana Y 1 (N-5, 3(w) x x x
Tennessee Warbler Vermivora peregrina Y 2 (N-5, 3(sh) x x x
Townsend's Solitaire Myadestes townsendi Y 3 1 x x x
Townsend's Warbler Dendroica townsendi Y 5 2 (C2) x x trans
Tree Swallow Tachycineta bicolor Y 2 3 (cav) x x x
Trumpeter Swan Cygnus buccinator Y NaR 5 3(w)  x   x  x  
Turkey Vulture Cathartes aura Y 1 1/6(MM)    x  
Upland Sandpiper Bartramia longicauda R 0 6(G) x x x
Varied Thrush Ixoreus naevius Y 4 2 (C2) x  x  x

Dawson Creek6Fort Nelson6 Fort St. John6
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Common Name1 Species Name BC2 COSEWIC3 Global4 SAS5

Status Status Response Group Com Ucom Cas Com Ucom Cas Com Ucom Cas
Vaux's Swift Chaetura vauxi Y 4 3 (cav) NA NA NA  x
Veery Catharus fuscescens Y 2 (N-5, 2/3(r,w) x x 
Vesper Sparrow Pooecetes gramineus Y 2 1 x x x
Violet-green Swallow Tachycineta thalassina Y 2 3 (cav) x x x
Warbling Vireo Vireo gilvus Y 2 2(C2,M2) x x x
Western Meadowlark Sturnella neglecta Y 2 6(G/MM) x x  x
Western Tanager Piranga ludoviciana Y 3 2 (MW2) x x x
Western Wood-Pewee Contopus sordidulus Y 2 (N-5, 1 x  x  x  
White-breasted Nuthatch Sitta carolinensis Y 2 3 (cav) x x  x
White-crowned Sparrow Zonotrichia leucophrys Y 2 (N-5, 1 x  x  x  
White-tailed Ptarmigan Lagopus leucura Y 5 6(AT) x x  
White-throated Sparrow Zonotrichia albicollis Y 2 (N-5, 2 (R,D2) x x x
White-winged Crossbill Loxia leucoptera Y 2 2 (2) x x x
White-winged Scoter Melanitta fusca Y 2 3(w) x x x
Willow Ptarmigan Lagopus lagopus Y 2 3(r) x  
Wilson's Phalarope Phalaropus tricolor Y 2 (N-5, 3(w) x x x
Wilson's Snipe Gallinago gallinago Y 2 (N-5, 3(w,r) x x x
Wilson's Warbler Wilsonia pusilla Y 3 3(sh) x x x
Winter Wren Troglodytes troglodytes Y 2 (N-5, 2 (C2) x  x  x  
Yellow Rail Coturnicops noveboracensis R SC 0 3(w) x x
Yellow Warbler Dendroica petechia Y 2 (N-5, 2 (H2) x  x  x  
Yellow-bellied Flycatcher Empidonax flaviventris Y 1 (N-5, 2 x x x
Yellow-bellied Sapsucker Sphyrapicus varius Y 2 (N-5, 3 (cav) x x x
Yellow-headed Blackbird Xanthocephalus xanthocephalus Y 2 3(w) x x x
Yellow-rumped Warbler Dendroica coronata Y 2 (N-5, 2 (C2) x  x  x  
Mammals
American Water Shrew Sorex palustris Y 2 (N-5) 3(r,w) x x  x
Anerican Marten Martes americana Y 2 (N-5) 5 x  x  x
Arctic Shrew Sorex arcticus Y 1 (N-5) 3(w) x  x  x
Beaver Castor canadensis Y 2 3(w,r) x x x
Big Brown Bat Eptesicus fuscus Y 2 1 x
Bison Bos bison both ssp.: 6(G/MM) x x x
Black Bear Ursus americanus Y 2 (N-5) 1 x x x
Bobcat Lynx rufus Y 2 1  (palle
Brown Lemming Lemmus trimucronatus Y 2 (N-5) 6 x x   
Bushy-tailed Woodrat Neotoma cinerea Y 4 1 (drum x x
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Common Name1 Species Name BC2 COSEWIC3 Global4 SAS5

Status Status Response Group Com Ucom Cas Com Ucom Cas Com Ucom Cas
Canada Lynx Lynx canadensis Y NaR 2 (N-5) 1 x  x x  x  
Caribou Rangifer tarandus Boreal pop: 2 (N-5) 5 x x  (Nort
Common Shrew Sorex cinereus Y 2 (N-5) 1 x  x  x
Coyote Canis latrans Y 2 1 x  x  x
Deer Mouse Peromyscus maniculatus Y 2 1 x x x
Dusky Shrew Sorex monticolus Y 2 (N-5) 1 x x x
Eastern Heather Vole?? Phenacomys ungava NR 1 1 ? ? ?
Elk Cervus canadensis Y 2 1 x x x
Fisher Martes pennanti B 2 (N-5) 5 x  x   x
Golden-mantled Ground Spermophilus lateralis Y 1 1 x x
Gray Wolf Canis lupus Y ssp. nubilus 2 (N-5) 1 x x x
Grizzly Bear Ursus arctos B SC 2 (N-5) 1 x  x  x
Hoary Marmot Marmota caligata Y 4 6(AT) x x
Least Chipmunk Neotamias minimus Y 1 (N-5) 1 x x x
Least Weasel Mustela nivalis Y 2 (N-5) 1 x  x (rixos x
Little Brown Myotis Myotis lucifugus Y 2 1 (lucifu x  x
Long-tailed Vole Microtus longicaudus Y 4 1 x x (velle
Long-tailed Weasel Mustela frenata Y 2 1 x x x
Meadow Jumping Mouse Zapus hudsonius 2 (N-5) 1 x x
Meadow Vole Microtus pennsylvanicus Y 2 (N-5) 1 x  x   x
Mink Mustela vison Y 2 1 x  x  x
Moose Alces alces Y 2 (N-5) 3(sh) x  x   x
Mountain Goat Oreamnos americanus Y 5 to 6 4? x
Mountain Lion Puma concolor Y 2 1 x x
Mule Deer Odocoileus hemionus Y 2 1 x x x
Muskrat Ondatra zibethicus Y 2 3(w) (spatu x  x
Northern Bog Lemming Synaptomys borealis Y 2 (N-5) 1 x  x
Northern Flying Squirrel Glaucomys sabrinus Y 2 (N-5) 2 (alpin x x
Northern Long-eared Myotis septentrionalis B 2 2  x
Northern River Otter Lontra canadensis Y 2 (N-5) 3(r) x  x   x
Porcupine Erethizon dorsatum Y 2 (N-5) 1 x x x
Pygmy Shrew Sorex hoyi Y 2 (N-5) 1 x  x
Red Fox Vulpes vulpes Y 2 1 x x x
Red Squirrel Tamiasciurus hudsonicus Y 2 (N-5) 2 x x x
Short-tailed weasel Mustela erminea Y ssp. 2 (N-5) 1 x  x  x (richa
Silver-haired Bat Lasionycteris noctivagans Y 2 1 x
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Common Name1 Species Name BC2 COSEWIC3 Global4 SAS5

Status Status Response Group Com Ucom Cas Com Ucom Cas Com Ucom Cas
Snowshoe Hare Lepus americanus Y 2 (N-5) 1 x x x
Southern Red-backed Vole Clethrionomys gapperi Y 2 (N-5) 1 x x x
Striped Skunk Mephitis mephitis Y 2 1 x  x  x
Thinhorn Sheep Ovis dalli Y 4 4? x x
Western Jumping Mouse Zapus princeps Y 2 (N-5) 1 x x (salta x
White-tailed Deer Odocoileus virginianus Y 2 1 x x  x
Wolverine Gulo gulo SC 2 (N-5) 1  x  x  x
Woodchuck Marmota monax Y 1 6(MM) x x x

1  Species are ordered alphabetically by common names within groups of vertebrate.

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).

2  Species 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.
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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