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Abstract   
Five warbler species that, in British Columbia, occur only in the northeast are considered to be ‗at risk‘ 
and thus are of special management concern. This project develops and evaluates a set of habitat 
models and requisite monitoring protocol for the effective management and conservation of these 
species. A companion web-based decision support system was developed to provide up-to-date 
information and tools to facilitate monitoring, modeling, and management of the five species. Two 
important issues relevant to managing forest resources are addressed: 1) the need for current and 
credible information on the status of species at risk and their habitat associations and 2) the development 
and ongoing refinement of management-based habitat models that can be used to provide insight on the 
effects of management practices over large spatial and temporal scales.   
 

Introduction  
This work was intended to improve monitoring, modeling and management of warblers and their habitats 
in northeastern BC. The design-based approach evaluated three related aspects of the current monitoring 
program: representativeness of the sampling units, power and precision of the program, and 
effectiveness of complementary survey approaches.  In year 1 we focused efforts on three key activities 
intended to inform and improve subsequent field surveys.  We assessed how well existing bird surveys 
represented habitat types relevant to warblers by comparing expected and observed areas of each type 
in each Forest District.  Results helped identify under-represented types and potential areas in which to 
establish new surveys in 2007.  We also identified candidate forest interior sites with a particular 
emphasis on older deciduous and mixedwood sites (old coniferous sites were sampled in 2006).  Finally, 
we estimated the power and precision of the current surveys to detect: i) trends in warbler occupancy and 
abundance, and ii) differences in warbler occurrence between broad habitat types (see §2.3). The 
preceding activities were revisited after the 2007 and 2008 field surveys to ensure that goals were met 
and to identify further opportunities for improving the monitoring program. 
 
Two further activities contributed to improving the quality of the monitoring program. The first evaluated 
pilot programs initiated in 2006 and intended to complement standard roadside surveys: off-road plots 
established to increase the detection of forest interior species and orthophotos to more accurately locate 
bird detections in specific habitat patches.  Both approaches have potential to increase the information 
available from the monitoring program and were compared to the use of standard roadside point count 
surveys in terms of their precision, power and cost (see §4 of Vernier and Bunnell 2008). The second 
activity used Monte Carlo simulation to more comprehensively evaluate a number of alternative designs 
in terms of precision, power, and cost effectiveness (Carlson & Schmiegelow 2002).  Simulation results 
helped guide refinements to the monitoring program and provide measures of uncertainty relative to 
sources of variability during monitoring. That improves the scientific credibility of the program. 
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Activities in the first 2 years that directly contributed to the four objectives identified for 2009/10 are 
reported under those objectives in Methods and results.   
 
Objectives for 2009/10 include:  

1) Identify key habitat attributes at stand and landscape levels that can serve as surrogates for 
monitoring warbler habitat. 

2) Validate and revise warbler habitat models using data collected in 2008-09 from the monitoring 
program (including targeted sampling). 

3) Prepare guidelines for monitoring, modeling and managing warblers and their habitat in 
northeastern BC. 

4) Work with industry partners to refine the web based DSS and evaluate the use for other rare and 
endangered species in northeast BC. 

 

Four deliverables were identified for these objectives: 

1) Updated modeling report with validation results using 2009 data; final refinements to model-
based, directed sampling. 

2) Submission of journal article. 
3) Final report – guidelines for improving habitat for warblers and recommendations on applying the 

approach to other species at risk. 
4) Updated and revised web-based DSS based on industry and government feedback. 

 
Objectives and associated deliverables are discussed as units with one exception – we subsumed the 
modeling within the journal article. 
 

 

2  Methods and Results   
Many of the key results within the objectives 1) through 3) are summarized in a single manuscript, 
currently in press (Vernier et al. 2010).  Additional information gathered or analyses completed are 
summarized for each objective below.  Methodologies by objective are given together with results, 
because methods and results are closely associated and methods sometimes differed significantly among 
objectives. 

 
2.1  Surrogates for monitoring warbler habitat   
 
Introduction 
A major barrier to monitoring is its cost.  The most commonly applied approach to birds is the Breeding 
Bird Survey (BBS).  That approach has clear limitations, especially when employed to extract trend data. 
These are reviewed by Bunnell et al. (2010a), who also illustrated how BBS can help focus monitoring by 
exposing the most preferred BEC variant and preferred habitat type based on the Vegetation Resource 
Inventory (VRI).  Both BEC and VRI are map-based and digitally available for the entire province.  
Knowing the preferred BEC variant can focus monitoring and assist planning; knowing the preferred 
habitat type both helps focus monitoring and provides insight into probable impacts of forest practices.  
Both results help reduce the cost of monitoring (e.g., Bunnell et al. 2010b,c).  We review both briefly here, 
focusing on VRI-based habitats as a credible, cost-effective surrogate for warbler habitat.   
 
Methods 
The underlying system of accounting we have termed the Species Accounting System.  Bunnell et al. 
(2009a) describe the system; Bunnell et al.  (2010b,c) illustrate how it is employed to guide improvement 
of forest practices. 
 
Analyses were largely restricted to data on birds collected through Breeding Bird Surveys (BBS).  For the 
few exceptions see §2.2.  Data were analyzed for 3 DFAs:  TFL 48, Fort St John TSA, and Fort Nelson 
TSA – all in northeastern BC.  Data bases were: 
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TFL 48:  7 years, 3775 station-years, 5 variants – BWBSmw1, BSBSmwk, ESSFmv2, ESSFmk2, 
SBSwk2 
Fort St John TSA: 3 years, 1699 station-years, 6 variants – BWBSmw1, BWBSmw2, BWBSwk2, 

ESSFmv4, SWBmk, SWBmks 

Fort Nelson TSA: 3 years, 2274 station-years, 3 variants – BWBSmw2, BWBSdk2, SWBmk 

 
Statistical tests of selection could be applied only to habitat types derived from VRI (shaded types of 
Table 1).  Tests were applied to both VRI and BEC variant and are based on observed versus expected 
values for individual habitat types or BEC variant using a chi-squared test with Bonferroni correction.  
Water was classified, then removed from statistical tests because it was not sampled directly.  For 
summaries presented here only 9 VRI classes are used.  Refinements are possible and have been 
reported for particular DFAs.  For example, for the three northeastern Canfor Divisions we evaluated 
discrimination between conifer- and hardwood-leading in young and old mixed wood.  Fewer statistical 
associations were documented with that discrimination than without it (e.g., 352 versus 504 for Fort St 
John), so we employed the nine-class system that permitted more statistically significant associations.  
For summary here, all relations are aggregated into the same 9 classes.   
 

 
Table 1.  Groups and their modifiers as used in the Species Accounting System.

1
  Groups shaded gray 

were tested statistically from data collected on site (as were many of those designated generalist or 2:all). 

 
 
Group 

Group 
Modifier 

 
Description 

1 Forest type generalist various Uses habitat type modifier when species occurs commonly in that habitat 
2 Habitat type; most often 

forested
1
 

NV Non-Vegetated upland: less than 5% vegetation cover; includes roadsides, 

oil and gas developments (excludes lakes, rivers and ponds) 
 NT Non-treed upland or wetland: less than 10% tree cover; includes tundra, 

wetland, and other sparsely treed sites such as non-commercial brush 
(NCBR)  

 RD Recent Disturbance: 0 to 30 yrs old; too early in succession to classify 

confidently as mixed wood, hardwood- or conifer- leading 
 H1 Young Hardwoods: 31 to 90 yrs old; at least 75% hardwood 

 H2 Old Hardwoods: >90 yrs old; at least 75% hardwood 

 MW1 Young Mixed Wood: 31 to 90 years old; neither hardwoods nor conifers 

attain 75% 
 MW2 Old Mixed Wood: >90 yrs old; neither hardwoods nor conifers attain 75% 

 C1 Young Conifers: 31 to 140 yrs old; at least 75% conifer 

 C2 Old Conifers: >140 yrs old; at least 75% conifer 

 open Open areas of low vegetation, may only be a single tree present 

 R Riparian forest - streams, lakes and rivers; not wetlands  

 all uses All forested types, but little NT or NV 

3 Habitat elements c Cavity sites are critical 

 dw Down Wood large pieces are critical 

 r strong affinity for Riparian of streams, rivers and larger lakes (>5 ha) 

 u Understory, often shrubs, is critical 

 w strong affinity for Wetlands or small lakes (<5 ha) 

4 Localized habitats various e.g., trumpeter swan often seeks large lakes (3r) 

5 Distribution important various Uses habitat type modifier when species occur commonly in that habitat 

6  Non-forested a Alpine, including subalpine and forest-tundra ecotone  

 cl Cliffs or banks 

 gr Grasslands 

 isl Islands, may not be vegetated 

 mm Man-made – includes buildings as well as agricultural habitats 
1
 Water was classified, but because it was not sampled directly associations cannot be tested and are not reported. 

                                                           
1
  See Bunnell, F.L., Kremsater, L.L., Moy, A., and Vernier, P.  2009.  Conservation framework for Canadian Forest Products 

tenures in northeastern British Columbia. Final Report to Canadian Forest Products and BC Forest Sciences Program.   
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Results of the testing are reported for the five warbler species at risk.  Ratios of Table 2 are simple 
selection ratios of observed over expected.  For example, the Bay-breasted Warbler in the Fort Nelson 
TSA, exhibits a selection ratio of 0.0 for young hardwoods (0/7; strong avoidance) but 3.7 for old 
hardwoods (22/6; strong preference).  Preference or avoidance for BEC variants were tested similarly. 
 
Results and discussion 
Provided records were large enough, all five warbler species addressed here showed significant 
preferences for some BEC variant, and avoidance of others, in at least one of the DFAs tested (Bunnell 
2010).  Not all species were recorded in each DFA (Table 2).  The statistical associations with particular 
BEC variants facilitates both planning for conservation and more cost-effective focused monitoring.  We 
expect little generality in that selection because each DFA represents a different pool of variants.  
Selection for VRI-based habitat types is summarized in Table 2.  
 
Table 2.  Selection ratios for VRI-based habitats for listed warbler species on three DFAs in northeastern 
British Columbia.  Statistical preference in red; statistical avoidance in green.  Unshaded lines = TFL 48; 
gray-shade lines = Fort St John TSA; green-shaded lines = Fort Nelson TSA. 
 
  VRI-based habitat types 

Warbler Species Total NV NT RD H1 H2 MW1 MW2 C1 C2 

Bay-breasted  1       1/0   

 6 1/0 01 0/1 1/0 1/0 0/0 1/1 1/2 1/1 

 43 1/3 1/4 1/3 0/7 22/6 4/2 10/4 4/14 0/1 
Black-throated Green 54 3/4 2/8 12/11 1/2 0/3 1/1 5/3 12/11 18/11 

 177 3/8 4/29 22/16 2/13 39/14 0/5 61/21 24/46 21/25 

 0          
Canada 29 2/2 2/4 1/6 13/1 2/1 1/1 1/2 3/1 4/6 
 55 1/2 10/9 5/5 1/4 19/4 0/2 15/7 2/14 2/8 
 210 23/15 22/18 16/13 38/32 62/28 4/11 29/19 16/67 0/7 
Cape May 2      2/0    
 27 5/1 0/4 0/2 3/2 2/2 2/1 4/3 9/7 2/4 
 21 0/1 0/2 1/1 4/3 4/3 3/1 1/2 7/7 1/1 
Connecticut 0          

 34 1/2 0/5 3/3 17/3 7/3 0/1 5/4 1/9 0/5 

 11 1/1 0/1 1/1 1/2 4/1 0/1 4/1 0/4 0/0 

 
 
Broad habitat affiliations for nesting and foraging are summarized for the 5 species in Table 3. 
 
Table 3.  Nesting and foraging habits of warbler species ‗at risk‘ in northeastern British Columbia. 
 

Species SAS
a
 Nesting Foraging

1
 

Bay-breasted Warbler 2:H2,MW2 Trees, shrubs Gleans canopy limbs & foliage 

Black-throated Green 

Warbler  

2:all Trees – often low Gleans twigs & branches 

Canada Warbler 3u/2:H On or near 

ground 

Gleans lower tree branches & ground; flycatching; hover 

gleaning 

Cape May Warbler 2:H,MW Trees Gleans canopy leaves & branches; hawking 

Connecticut Warbler 3u/2:H1, 

MW 

On or near 

ground 

Probes on or just above ground 

a  
Designation within the Species Accounting System; see Table 1 for Groups and group modifiers.  

 
All species evaluated are on Environment Canada‘s draft list for Bird Conservation Region 6 – Boreal 
Taiga Plains, which includes northeastern BC.  All also rank highly (ranks 1 or 2 for at least one goal) 
within the provincial Conservation Framework (Bunnell et al. 2009b describe the framework).  The 
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species treated here rank highly in goals 2 or 3 of the framework (ranking and the goal is provided for 
each species below).  The goals are defined as: 
 
Goal 2 = To prevent species from becoming at risk.  Goal 2 is intended to be proactive and provide early 
detection of threats, thereby reducing the need for costly recovery actions.  It is facilitated by including all 
native species in assessments of priority, rather than focusing solely on those already ‗at risk‘.   
 
Goal 3 = To maintain the richness of native species.  Goal 3 represents efforts to sustain all native 
species, even when only jurisdictionally rare and abundant elsewhere.  It ensures that challenging, 
jurisdictionally rare species will not be ignored in pursuit of Goal 2. 
 
For four of the five species Environment Canada‘s assignment to habitat type is incomplete or appears 
based on eastern data that does not reflect documented habitat selection in northeastern British 
Columbia.  Such errors could lead to misleading assessments of forest practices intended to compensate 
for incidental take.  For all species, evaluation of incidental take should consider regional habitat use. 
  
Bay-breasted Warbler: 2(G3) Environment Canada‘s designation of this species as a conifer associate 
appears based on eastern data where it occurs predominantly in spruce-fir forests.  In 7,348 station-
years, 50 observations were obtained across the 3 northeastern DFAs – 24 in hardwood-leading, 16 in 
mixed wood, and 6 in conifer-leading stands (others in RD or non-commercial types); Table 2).  In the 
Fort Nelson TSA where there were sufficient records to test preference (43), the species significantly 
avoided conifer stands.  We designated it a hardwood associate, also using mixedwoods.  The species is 
near the western edge of its range in the Fort St John TSA (only 6 observations 1699 stations-years).   
Long-term BBS would likely pick up any range expansion further west.  Currently, monitoring would only 
be effective in the Fort Nelson TSA.  Records were restricted to the BWBSmw 2 variant. Given the 
significant efforts the TSA has undertaken to mitigate incidental take in hardwood types (Bunnell et al. 
2010c), plus the species‘ rarity at the edge of its range, we do not recommend specific monitoring for the 
species.  Sections 2 and 3 would help guide monitoring if it were undertaken.   
 
Black-throated Green Warbler: 2(G2) This species is listed as a riparian/marsh associate in the draft 
Environment Canada list, but the 231 observations from northeastern BC are predominantly from upland 
sites. In the Fort St John TSA, the species was found farther from water than were random points.  There 
was a significant (p <0.001) difference between distances from singing Black-throated Green Warblers to 
the nearest waterbody (n = 262, average distance = 270 m), and distances from randomly selected points 
to the nearest waterbody (n = 300, average distance = 188 m).  That is, the species statistically avoids 
riparian habitat in northeastern British Columbia.  This warbler has not been reported from BBS routes in 
the Fort Nelson TSA.  On TFL 48 and the Fort St John TSA, it shows a tendency to use older stands: H2 
= 57 occurrences, MW2 = 67 occurrences and C2 = 39 occurrences (Table 2).  It used habitat types 
largely in proportion to abundance (N = 54) on TFL 48; in the Fort St John TSA it showed statistically 
significant associations with MW2 and H2 (n = 177).  Within mixed wood on the Fort St John TSA, the 
species favoured conifer-leading mixed wood significantly over hardwood-leading mixed wood (p < 0.05).  
The species is adaptable in its habitat choice (Morse and Poole 2005) and is relatively abundant; we do 
not recommend monitoring specifically for the species.  If monitoring were undertaken, see Vernier et al. 
(2010) for appropriate targeted sampling.  Incidental take of the species is compensated by the significant 
amounts of older forest reserved from harvest and retention practices.   
 
Canada warbler: 2(G2) Canada Warbler significantly prefers young hardwoods in TFL 48 and old 
hardwoods in the Fort St John TSA and the Fort Nelson TSA (Table 2).  In a separate study focused on 
the species, aspen was the dominant species in 99% of sites occupied in northeastern BC, but the 
warbler was present only when a well-developed shrub layer also was present (Campbell et al. 2007).  
The Canada Warbler is relatively common when appropriate habitat is sampled.  We consider this 
species less an indicator of hardwoods, than of shrubs under hardwoods.  That means that assessment 
of compensation for incidental take must consider how forest practices affect the understory, which is not 
possible from the air or simple map-based data.  Simply assigning it to hardwoods provides an 
incomplete and potentially misleading view of habitat requirements.  Because it is relatively common in 
appropriate habitat, we do not recommend directed monitoring of the species.  We do recommend that 
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the study initiated as part of effectiveness monitoring (Preston 2008, 2009; Preston et al. 2010) be co 
analyzed to quantify the role of understory and possible continued.    
 
Cape May Warbler: 2(G3) Environment Canada‘s designation of this species as a conifer associate 
appears based on eastern data where it occurs predominantly in spruce forests.  In 7,348 station-years, 
only 50 observations were obtained across the 3 northeastern DFAs – 25 in hardwood-leading and mixed 
wood stands, 19 in conifer-leading stands.  Hardwoods and mixed wood woods were evenly split – 13 
hardwood-leading and 12 mixed wood.  The three reported nests are from types that would be designated 
NT, older mixed wood and older conifer (Campbell et al. 2001; Preston and Pomeroy 2009).  We 
designated the species 2:H,MW, indicating about equal use of hardwood-leading and mixedwood habitats 
(Table 3).  Even when assigned the correct regional habitat type, the species is of limited utility in 
assessing incidental take – it is reported from all major forest types and NT (non-commercial) in 
northeastern BC.  Measures to compensate for incidental take in both hardwood and conifer types are in 
place on all 3 DFAs (e.g., Bunnell et al. 2010b,c).  We do not recommend monitoring specifically for the 
species; although still uncommon in the region, further range expansion west is likely detectable by BBS. 
 
Connecticut Warbler: 2(G2) This is the only species for which Environment Canada‘s habitat designation 
appears regionally correct (they do not distinguish between hardwood and mixed wood stands, and 
simply consider mixedwoods as opposed to conifers).  It is incomplete in failing to note the importance of 
understory.  Although it is relatively common, the Connecticut Warbler is not well represented in data from 
BBS routes.  Across the 3 northeastern DFAs, it has been reported 45 times, 34 times from the Fort St 
John TSA.   In the Fort St John TSA, it significantly prefers H1, followed by H2 (not significant) and 
significantly avoids both C1 and C2; on the Fort Nelson TSA the pattern is similar with H2 and MW2 
ranking equally in preference (Table 2).  The species‘ nests are hidden on or near ground, in thick 
undergrowth of saplings, among thickets or at the base of a shrub, in a sunken clump or mound of moss, 
or in dry grasses sometimes covered by overhanging vegetation (Harrison 1978; Salt 1973). We 
designated the species an understory associate (Table 3) and the same constraints as for Canada 
Warbler apply to its utility in assessment of incidental take.  Incidental sightings (off BBS routes) suggest 
the species is relatively common in suitable habitat (pole to mature aspen with sparse shrub understory, 
but abundant herbs) and that targeted sampling, as for Canada Warbler, could be employed.  Such 
sampling currently does not appear needed.   

 
 
2.2   Validate and revise habitat models  

 

Introduction 
One of the primary aims of this project was to develop reliable habitat-based management models for 
warblers at risk using species monitoring and forest inventory data. The models are intended to support 
sustainable forest management, biodiversity monitoring, and conservation planning. More specifically, the 
models developed can be used to: 
 

 provide an understanding of warbler-habitat relationships at the landscape level; 

 predict the distribution and habitat supply of warblers `at risk‘ over large spatial and temporal 
scales (i.e., beyond the bounds of the original survey); 

 help refine the monitoring design by focusing surveys on areas that have a relatively high 
probability of detecting rare and endangered species; 

 support regional conservation planning initiatives by identifying areas of high quality habitat for 
potential reserves; and 

 evaluate alternative forest management practices and scenarios (e.g., evaluating MPB salvaging 
scenarios). 

 
Our main objective for the past year was to revise and validate our previously developed warbler-habitat 
models (Vernier and Bunnell 2008).  We focused specifically on the Fort St. John TSA because of 
Canfor‘s interest in using the models to refine their monitoring design for warbler species ‗at risk‘.  At the 
same time, we modified the general approach to make the models more user-friendly and useful from a 
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management perspective.  This is beneficial for the application of the models throughout the range of the 
warbler species in northeast BC.  As part of the modelling process, we also evaluated the predictive 
performance of the revised models.  In this section we review the methods used, describe the habitat-
based models, and illustrate the use of one of the models (Black-throated Green Warbler) to identify 
areas of low, medium, and high suitability that can be used to refine the monitoring program or suggest 
potential conservation areas. 

 

Methods 
Bird and habitat data: We developed habitat models for three of the five listed warbler species (Black-
throated Green Warbler, Canada Warbler, and Connecticut Warbler) using bird survey data and 
Vegetation Resource Inventory (VRI) data collected in the Fort St John TSA (Figure 1).  There were not 
enough detections of the other two species (Bay-breasted Warbler and Cape May Warbler) to develop 
reliable models.  The bird survey data consisted of: 1) standard roadside transects surveyed from 2007-
2009; 2) forest interior surveys conducted in 2007; and 3) model-based surveys conducted in 2008 and 
2009.  Bird detections from surveys prior to 2007 were not georeferenced and were omitted from our 
analyses.  Overall, the surveys were proportionately allocated in relation to the area of each of the three 
main BEC zones (BWBS, ESSF, SWB), with few stations in the ESSF (n = 26) and SWB (n = 28) zones. 
 
The roadside surveys were designed to sample a variety of bird species occurring in a broad range of 
forested and non-forested habitats (Figure 1a). A total of 16 routes were sampled, each approximately 
24.8 km in length and including 30 point-count stations spaced approximately 800 m apart.  Route 
selection was determined largely by road availability (i.e. location and length). Point counts were 
conducted once during the summer.  In contrast, the forest interior surveys were designed to sample late 
successional forest interior habitat.  Surveys were conducted at stations greater than 200m from roads 
and other hard edges in mature conifer, deciduous, and mixedwood forests nearby existing routes.  The 
survey protocol (e.g., survey period, time, duration) and corresponding data attributes were the same as 
those used for the Breeding Bird Surveys.  The model-based surveys were designed to target high quality 
habitat for the warbler species (Vernier and Bunnell 2008).  A total of 104 warbler stations were 
established and surveyed (Figure 1b). All warbler survey stations were located in the BWBS 
biogeoclimatic zone. The survey protocol (e.g., survey period, time, duration) and corresponding data 
attributes were the same as those used for the Breeding Bird Surveys. 
 

Table 4.  Number of bird records for species of conservation concern from different monitoring 
components of the Fort St. John TSA, 2007–2009 

Species 

Provincial/Federal Status Number of Records 

CF  
rank 

COSEWIC rank BBS Interior Warblers Total 

Bay-breasted Warbler 2(1)  4 1 1 6 

Black-throated Green Warbler 2(2)  45 8 102 155 

Canada Warbler 2(2) Threatened 4 0 46 50 

Cape May Warbler 2(3)  16 2 3 21 

Connecticut Warbler 2(3)  9 0 21 30 

Totals   78 11 173 262 

BBS = Breeding Bird Survey, Interior = Interior forest surveys conducted in 2007, Warblers = directed warbler sampling conducted 
in 2008 and 2009. Species sorted alphabetically, CF = provincial Conservation Framework (Goal in brackets)  
 

In Table 4, the highest rank Goal of the provincial Conservation Framework is given.  Bunnell et al. 
(2009b) describe the Conservation Framework and its goals; see page 5 for a description of goals.  
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Figure 1. Locations of Breeding Bird Survey routes (map a) and warbler survey stations (map b) in the 
Fort St. John TSA 
 
We used the VRI data to measure habitat characteristics in and adjacent to georeferenced bird 
detections. Habitat variables measured the broad forest type, stand age, and interactions between age 
and forest type (Table 5).  In contrast to earlier versions of the models (Vernier et al. 2008), all attributes 
were measured directly from the VRI attribute database. In the previous versions, some of the attributes 
were rasterized and a moving window was applied to calculate the proportion of each habitat type that 
occurred within different-sized buffer zones (neighbourhoods).  The disadvantage of the approach was 
the need to perform several GIS analysis steps prior to applying the models.  The current version of the 
models require only an additional attribute (predicted probability of occurrence) to be added to the VRI 
attribute table for each modelled species.  Although the neighbourhood modelling approach increases the 
predictive ability for several common species, it was found to be nearly equivalent to the simpler models 
described in this section for the three modelled species (unpublished analysis). 
 

Table 5. Description of habitat variables used in logistic regression analysis. 

Variable Description 

RECENT Recently disturbed stand (≤30 years) 

DECID Deciduous forest (≥75% hardwood species) 

CONIF Conifer forest (≥75% conifer species) 

MIXED Mixedwood forest (≥25% hardwood and conifer species) 

AGE Stand age in years 

DECID x AGE Interaction between deciduous forest and stand age 

CONIF x AGE Interaction between conifer forest and stand age 

MIXED x AGE Interaction between mixedwood forest and stand age 

 
Habitat-based models:  Our modeling approach was based on relating species occurrences to habitat 
variables measured from VRI data (Vernier and Bunnell 2008). Specifically, we used multiple logistic 
regression to estimate the probability of occurrence of each bird species as a function of habitat  

a) b) 
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covariates:     pi = eηi / 1 + eηi 
 
where pi is the detection probability (probability of occurrence at pixel i), and ηi = β0 + ∑βixi is the linear 
predictor. The xi are the habitat covariates and the βi are the parameters to be estimated. For each 
species, we started with a model that included all covariates and used Akaike‘s information criterion (AIC) 
to remove extraneous variables. We report model deviance (-2 times the log-likelihood of the model), 
drop in deviance from a model with no covariates, and the area under the receiver operating curve 
(ROC). The latter is a measure of the predictive accuracy of the model, with values ranging from 0 to 1; 
values greater than 0.7 provide evidence of model reliability (Vernier et al. 2008). 
 
We linked the avian habitat models (i.e. the coefficients from logistic regression functions) to ArcGIS to 
produce maps showing areas of varying habitat quality for portions of the Fort St. John TSA. The 
functions were used to generate a probability of occurrence (PPO) map for each bird species which were 
reclassified into four habitat suitability classes: not suitable, low, medium, and high suitability.   
 
Results and Discussion 
 
We developed habitat models for three of the five listed warbler species: Black-throated Green Warbler, 
Canada Warbler and Connecticut Warbler (Table 6). The other two species (Bay-breasted Warbler and 
Cape May Warbler) had insufficient sample sizes. The predictive accuracy of the models was fairly good, 
with ROC values ranging from 0.77–0.88 (Table 6, Figure 2), indicating that these models are able to 
discriminate adequately between occupied and unoccupied sites.  
 
Table 6. Logistic regression model results of three of the five listed warbler species. Species codes with 
full English names can be found in Appendix 1. 

Species Model Parameter β P 
Model 

Deviance 
Drop in 

Deviance 
ROC 
Area 

BTNW Intercept -4.566 <0.001 1,142 166.4 0.771 

 
RECENT 2.68 <0.001 

   

 
DECID -1.628 0.075 

   

 
MIXED 1.581 0.017 

   

 
AGE -0.075 0.043 

   

 
MIXED x AGE 0.083 0.021 

   

 
CONIF x AGE 0.083 0.023 

   

 
DECID x AGE 0.111 0.003 

   CAWA Intercept -4.185 <0.001 469.9 51.3 0.775 

 
DECID -1.892 0.019 

   

 
CONIF -3.287 <0.001 

   

 
DECID x AGE 0.028 <0.001 

   

 
CONIF x AGE 0.012 0.038 

   

 
MIXED x AGE 0.004 0.062 

   COWA Intercept -6.326 <0.001 295 76.6 0.883 

 
RECENT 2.346 0.021 

   

 
DECID 4.061 <0.001 

   

 
CONIF 4.428 <0.001 

   

 
AGE -0.065 0.007 

   

 
DECID x AGE 0.078 0.001 

   

 
MIXED x AGE 0.057 0.021 
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Each model included five to seven habitat covariates, all of which were significant at the p <0.1 level, and 
all except two were significant at the p <0.05 level. For all three species, the interaction between forest 
type and stand age was an important predictor of species occupancy indicating that the species were 
more likely to be present in older deciduous, coniferous, and mixedwood forests than younger forests of 
the same type.  A more detailed treatment is found in Vernier et al. (2010).  

 

Black-throated Green Warbler 

 

Canada Warbler 

 

Connecticut Warbler 

 
 

Figure 2. Graphical summary of the predictive performance of the warbler habitat models using the area 

under the ROC curve (see text for details). 

 

 

Figure 3. Sample predicted probability of occurrence map reclassified 
into four broad classes for Black-throated Green Warbler. White = not 
suitable; increasing shades of gray indicate increasing suitability. 

 
Figure 3 provides a sample habitat suitability map for Black-throated Green Warbler that was generated 
by linking the logistic regression coefficients to ArcGIS.  Dark gray regions in the map identify areas that 
would be suitable for selecting additional survey sites or, for species whose habitat is not short-lived, 
setting aside high quality habitat as part of a regional conservation strategy for the species.  For some 
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listed warblers, the requirement for shrubs under canopy (Table 3) makes Wildlife Habitat Areas an 
ineffective option and more attention should be addressed to practice.  
 
In general, habitat models developed for three of the five listed warbler species were consistent with 
known habitat associations. Each model comprised of five to seven habitat covariates including, in each 
case, the interaction between forest type and stand age. This indicates that the warblers, depending on 
the species, were more likely to be present in older deciduous, coniferous, and mixedwood forests than 
younger forests of the same type – thus confirming known natural history. We were not able to develop 
models for the other two species (Bay-breasted Warbler and Cape May Warbler), primarily because of 
insufficient sample sizes. At least four options are available to rectify this problem: 1) collect more data 
over time, 2) combine data from nearby study areas, 3) use models developed in similar geographic 
areas (e.g., Alberta boreal forest), or 4) use expert-based habitat models (e.g., Habitat Suitability Indices). 
 
A common criticism of habitat-based models is that they are rarely validated (Vernier et al. 2008). As a 
first step, we evaluated the predictive accuracy of the three warbler models using "in-sample" data and 
found them to be suitable for use in a management setting. However, we caution against their use 
beyond the region from which the surveys were conducted. Moreover, we suggest that independent tests 
of the models using "out-of-sample" data be conducted. For example, the models could be tested using 
data from a different geographic region (e.g., TFL 48) or for a different time period (e.g., a year ahead). 
For this iteration of model development, we attempted to simplify the models without losing predictive 
ability. To achieve this, we used habitat variables directly from VRI attribute tables rather than first 
converting the attributes to grids and generating "neighbourhood" variables using moving window 
analyses. This approach worked well for the three listed warbler species, with the advantage that the 
models are significantly easier to apply from a management perspective. 
 
 
2.3  Guidelines for improving monitoring and habitat 

Introduction 

 
The primary objective of this subproject was to estimate occupancy rates for listed warblers with a 
specified level of precision, and evaluate the power to detect changes in occupancy between two years 
(2008 and 2009).  Specific management activities for sustaining or improving habitat are summarized in 
Bunnell et al. (2010b,c); they are reviewed only briefly here.  Emphasis here is on the use of monitoring to 
identify habitat types that merit specific attention. 

Methods 

 
We evaluate the power and precision of monitoring by illustrating the effectiveness and efficiency of two 
different monitoring scenarios, each related to a specific management objective.  The power of a 
statistical test is the probability that the test will reject the null hypothesis (usually no effect) when the 
alternative hypothesis is true; that is, avoid a Type II error that fails to reject the null hypothesis when it is 
false.  The probability of a Type II error is referred to as the false negative rate (β); the power is equal to 
1 − β.  Most simply, the precision of a measurement system, also called reproducibility or repeatability, is 
the degree to which repeated measurements under unchanged conditions show the same results. 
 
In Scenario 1, our objective is to estimate the status of warbler species in a region or habitat strata (e.g., 
a Defined Forest Area, VRI-based habitat type or a BEC variant). Specifically, we estimate warbler 
occupancy (measured as the proportion of stations occupied) and are interested in how many samples 
are needed to achieve a specified level of precision in estimating occupancy within a management region 
or habitat strata. In Scenario 2 the objective is to detect a change in occupancy between two different 
time periods—a baseline year and a time in the future (e.g., five years post-baseline). We want to know, 
for example, how many stations need to be monitored in order to detect a 30% change in occupancy with 
80% power. 
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Scenario 1: Estimating warbler occupancy with a specified level of precision:  A basic objective of 
Canfor‘s bird monitoring program is to estimate the presence or abundance of bird species within a 
management region (e.g., Fort St. John TSA) or a broad habitat type (e.g., BWBS mw1).  This information 
is useful for many purposes including estimating population status at the regional level or identifying and 
mapping high quality habitat for management initiatives (e.g., locations where management practices 
should be modified for a species of concern).  In the case of the five warbler species at risk, due to the 
low number of detections, estimating occurrence or occupancy at the station level is more realistic than 
estimating abundance. The problem, then, is to estimate the proportion of stations that are occupied 
(occupancy) within a given management or habitat strata with a specified level of precision. Schwartz 
(2009) suggests the following as survey precision guidelines: 

 

 For preliminary surveys, the 95% confidence interval should be ± 50% of the estimate 

 For management surveys, the 95% confidence interval should be ± 25% of the estimate 

 For scientific work, the 95% confidence interval should be ± 10% of the estimate 
 
In Scenario 1 we focus on questions at the management unit level (i.e., the Fort St. John TSA) and note 
that the same approach can be applied to habitat strata. Specifically, we want to ask if the number of 
stations surveyed from 2008–2009 are sufficient to achieve one of the three precision guidelines. If the 
desired precision levels are not achieved, we can use the precision plots to determine what sample sizes 
would be needed to estimate occupancy within 10, 25 and 50% of their estimated true value at the 95% 
confidence level. 
 
We estimated the proportion of stations occupied (occupancy) by the five warbler species at risk for each 
of two survey types in the Fort St. John TSA: breeding bird surveys (n = 480) and directed warbler 
sampling (n = 104) from 2008-2009 (Table 7). We calculated the width of the 95% confidence intervals for 
a single proportion as follows: 
 

 
Where n = the sample size (number of survey stations), p = the expected proportion of stations with a 
detection, and W = width of confidence interval. 
 
Scenario 2: Detecting changes in occupancy between two points in time: Another important objective of 
Canfor‘s bird monitoring program is to detect changes in the occurrence of bird species at two different 
points in time, for example from the start of the monitoring program to the current year. The purpose is to 
detect whether a significant change, requiring management action, has occurred. For example, a 30% 
decrease in Canada Warbler occupancy over time could trigger management actions including more 
intensive surveys and/or specific actions to improve habitat. The problem, in this case, is to estimate the 
proportion of stations that are occupied (occupancy) in two different years with a specified level of 
precision or to determine how many samples are needed to detect a change with a set amount power 
(e.g., 80%). 

 
In Scenario 2, we also focus on questions at the management unit level (e.g., the Fort St. John TSA). 
Specifically, we would like to know how many bird survey stations need to be sampled to detect a 30% 
change (increase or decrease) in occupancy between two years with 80% power at the 90% confidence 
level. In other words, we would like to evaluate the relationship between sample size and effect size. 
 
Although we selected a 30% change as a reasonable management target to indicate the need for action 
(e.g., more intensive surveys, setting aside critical habitat or changing practice), for comparison, we also 
examine a range of potential changes, from 20 to 80%. 
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Similar to scenario 1, we used the proportion of stations occupied (occupancy) by the five warbler species 
at risk for each of two survey types (breeding bird surveys and directed warbler sampling) in 2008–2009 
as an estimate of the baseline occupancy (Table 7). We then compared baseline occupancy for 20 to 
80% changes in a subsequent survey year to determine the required number of stations. To illustrate, we 
compare the effectiveness of the two survey types using estimates from the Fort St. John TSA (see Table 
7). For a biologically important decline to be considered, a goal equivalent to a 30% decline is set, at a 
confidence level of 90%. Assuming the same number of sites is re-surveyed in a subsequent year, we 
use the following formula to calculate the required sample size: 

 
 
where n is the estimated sample size, Zα and Zβ are the Z coefficients for Type I and Type II error rates, 
p1 is the occupancy rate for the baseline year, and p2 is the occupancy rate for the future sampling period 
as determined by the magnitude of change to be detected. q1 and q2 are equal to 1-p1 and 1-p2, 
respectively. 
 
Results 
 
Summary of Occurrences 
In 2008 and 2009 the combined Breeding Bird Survey and Directed Warbler Sampling total of listed 
warbler occurrences was 222. Of these, 173 (77.9%) occurrences were from the directed warbler 
sampling component of the study. Relative to survey effort (i.e., number of stations sampled), the 
percentage of occupied stations was higher on average for all species using the directed sampling 
method compared to the BBS method (Table 7). Compared to 2008, the percentage of directed warbler 
sampling stations occupied by a listed warbler was lower in 2009, although a large proportion of the 
decrease appears to be attributed to habitat change at 12 stations. A similar pattern between methods is 
observed for total warbler abundance (Table 8). 
 
Table 7.  Percentage of occupied survey stations of ―listed‖ warbler species from Breeding Bird Surveys 
and Directed Warbler Surveys (n = number of survey stations). 

 

Species 

Percentage of Occupied Stations (%) 

Breeding Bird Surveys (n=480) Directed Warbler Sampling (n=104) 

2008 2009 Average 2008 2009 Average 

BAYW 0.21 0.21 0.21 0.00 0.96 0.48 

BTNW 3.33 2.29 2.81 42.31 32.70 37.51 

CAWA 0.21 0.21 0.21 23.08 13.46 18.27 

CMWA 0.83 0.63 0.73 1.92 0.96 1.44 

COWA 0.83 0.63 0.73 10.58 8.65 9.62 

Occupied plots, 
all species combined 

4.58 3.75  x = 4.17 65.38 47.11 x = 56.25 

*species codes and full names are provided in Appendix 1. 
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Table 8.   Abundance of ―listed‖ warbler species from Breeding Bird Surveys and Directed Warbler 
Surveys (n = number of survey stations). 

 

Species 

Abundance 

Breeding Bird Surveys (n=480) Directed Warbler Sampling (n=104) 

2008 2009 Total 2008 2009 Total 

BAYW 1 1 2 0 1 1 

BTNW 18 12 30 58 44 102 

CAWA 1 1 2 29 17 46 

CMWA 4 3 7 2 1 3 

COWA 4 3 7 11 10 21 

Totals 28 20 48 100 73 173 

Birds/station 0.058 0.042 x = 0.05 0.96 0.70 x  = 0.83 

*species codes and full names are provided in Appendix 1. 

 

Power and Precision 

Scenario 1–Estimating warbler occupancy with a specified level of precision:  Figure 4 summarizes the 
precision of the estimates for the Breeding Bird Survey and the Directed Warbler Sampling (model-based 
approach) as measured using the width of the 95% confidence interval for a given proportion/sample size. 
The desired width for the 95% confidence interval for scientific (±10%), management (±25%), and 
preliminary (±50%) surveys are indicated using horizontal dashed lines. Vertical lines indicate the number 
of stations sampled in 2008–2009. 
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Figure 4. Precision of estimates for the Breeding Bird Survey and Directed Warbler Sampling as 
measured using the width of 95% Confidence Interval for a given proportion/sample size.  Desired widths 
of 95% confidence intervals of ±10, or 25 to 50% are indicated using horizontal dashed lines while sample 
size in 2008-2009 is shown as vertical lines. Note that BAYW and CAWA lines, and CMWA and COWA 
lines, overlap in the left graph. 
 

Given the extremely low proportion of stations in which warblers at risk were detected using the Breeding 
Bird Survey, no species except for Black-throated Green Warbler (preliminary survey) were close to the 
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target precision for either of the three survey targets (i.e., preliminary, management, or scientific). Many 
more stations would need to be surveyed to approach a reasonable level of precision for the other four 
species. In contrast, the prevalence of four of the warbler species (except for BAYW) was much higher 
using Directed Warbler Sampling compared to either the Breeding Bird Survey or the Forest Interior 
Surveys. Black-throated Green Warbler prevalence (37.5%) was approximately twice that of Canada 
Warbler (18.27%). Sample size was sufficient for both species to estimate occupancy within ± 50% of the 
true estimate. Black-throated Green Warbler also achieved the target for a management type survey, the 
only combination or species/survey type to do so. Connecticut Warbler and Cape May Warbler did not 
achieve the minimum precision target level of preliminary surveys, although in the case of the former 
species only 20 more stations would be needed. 
 
Scenario 2–Detecting changes in occupancy between two points in time:  Figure 5 shows the relationship, 
for Black-throated Green Warbler, between the number of survey stations and the proportion change in 
occupancy from a baseline year that can be detected. Clearly, this number is prohibitive using Breeding 
Bird Surveys, with approximately 4,000 stations needing to be sampled in two different years to detect a 
30% change. The number of Breeding Bird Survey stations required for the other four listed warbler 
species is even greater. Conversely, using the Directed Warbler Sampling approach, just over 200 
stations would need to be surveyed to detect a 30% change in Black-throated Green Warbler occupancy 
between two points in time. Similarly, approximately 550 and 1,100 stations, respectively, would need to 
be surveyed to detect a 30% change in the occupancy of Canada Warbler and Connecticut Warbler (not 
shown in graph).  Note: 1) values for BBS are derived from the opportunistic locations of BBS; fewer 
stations are required when sampling is stratified or directed by habitat affiliations summarized in Table 2; 
2) fewer stations of either survey type would be needed to detect downward or upward trends in 
occupancy if the surveys were conducted annually (Vernier and Bunnell 2008). 

 

 

Figure 5. Sample size required to detect changes in occupancy from baseline year to a future survey 
year. Intersection of dashed lines indicates sample size required to detect a 30% change in occupancy. 
Empty cells indicate that species was not detected using a given survey type in a given region. 
 

 
2.4  Updated and revised web-based DSS   
 

Introduction 
 
The design and model based approaches have enabled us to provide practical guidelines for monitoring, 
modeling and managing warbler species 'at risk' in northeast BC. To extend these findings, we have 
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collaborated with industry and government partners to develop a web-based biodiversity monitoring/DSS 
(Decision-support System) that can be used by forest managers, researchers, and policy makers to 
access: 1) up-to-date information on the status and trends of warblers, 2) tools for designing and 
evaluating alternative monitoring protocols, 3) habitat models that can be linked to forest inventory data 
and simulation tools, and 4) links to other relevant resources for conservation planning and management.  
In this section we briefly describe the development of the web-based DSS (Methods) followed by an 
overview of its content (Results and discussion). 
 
Methods and data 
 
We used a wiki

2
 to develop the warblers web-based DSS. A wiki is a collaborative website that allows 

multiple users to contribute and update content such as text, images, documents, etc.  We chose the 
Dokuwiki framework

3
 because it: 1) is free and open source software, 2) has a small footprint, 3) is easy 

to maintain, and 4) is one of the few wikis that stores web pages in simple text format as opposed to 
encrypted text or databases.  The web-based DSS is located at the Forestry Faculty at the University of 
British Columbia and can be accessed at http://biod.forestry.ubc.ca/warblers (Figure 6). The website has 
been updated on a regular basis with new information, results and resources.  It provides up-to-date 
information on all aspects of this and related projects relevant to managers and decision-makers 
including: information on warblers and surveys and a section demonstrating step-by-step analysis 
components that can be replicated by industry and government analysts. 
 
We organized the web-based DSS into several broad sections for easy access to information that can 
efficiently support monitoring, modelling, and management activities. Sections include: 
 

 An overview of warblers at risk in northeast BC and the distribution of bird surveys in TFL 48 and 
the Fort St John and Fort Nelson TSAs. Links to relevant life history and distribution information 
are also provided.  

 An evaluation of the current survey design including methods and tools for standardizing their use 
including an evaluation of the representativeness of the bird surveys, an assessment of the power 
of the monitoring program for detecting trends and differences in habitat selection, and an 
evaluation of survey methods that complement standard roadside surveys. 

 Methods and tools for developing and validating habitat-based management models. Specifically, 
identification of important map-based habitat attributes that can be manipulated through 
management practices, development of habitat models including selection ratios for habitat 
classes and resource selection functions, and an evaluation of the predictive accuracy of the 
habitat models. 

 Examples of the use of the models for management purposes, for example to develop methods 
for selecting survey sites for rare species or to predict species distribution and habitat supply. 

 Access to GIS and statistical methods and tools that we developed, publications resulting from 
this and related projects, and links to a variety of information sources on monitoring, modeling, 
and management of birds and their habitats. 

 
Results and discussion 
 
Figure 6 provides the entry point to the web-based DSS with a description of the structure and 
organization of the content. We briefly describe each section following the left-hand navigation menu of 
the website for easy reference.  Screen captures are added to some sections to illustrate various aspects 
of the web-based DSS.  We note that the wiki, by definition, facilitates the development and maintenance 
of active and dynamic websites and that the content viewed in some of the screen captures may have 
changed. 
 

                                                           
2
 See the Wiki article in Wikipedia (http://en.wikipedia.org/wiki/Wiki) for a more in depth discussion of what a wiki is along with 

references and links to wiki software. 
3
 Dokuwiki is available at http://www.dokuwiki.org.  

http://biod.forestry.ubc.ca/warblers
http://en.wikipedia.org/wiki/Wiki
http://www.dokuwiki.org/
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Figure 6. Front page of the warblers web-based DSS.  
 
 
Overview:  The Overview section provides a brief summary of the project and the warbler species at risk 
in northeastern British Columbia, including TFL 48 and the Fort St John and Fort Nelson TSAs. Links to 
relevant life history and distribution information are also provided. 
 
Project Background: General background and description of the original FSP project and links to the 
project page on the Forest Sciences Program website. 
 
Warbler Species: Basic information on the warbler species, their conservation status in BC and Canada, 
and links to websites with information on the distribution, life history, habitat requirements, and threats 
(Figure 7). 
 

 General information and resources. 

 Species accounts from the British Columbia and Alberta Governments, the Boreal Songbird 
Initiative, the Canadian Wildlife Service, and the Cornell Lab of Ornithology

4
. 

 
 

                                                           
4
 http://www.birds.cornell.edu/ 

http://www.birds.cornell.edu/
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Figure 7.  Screen capture of the ―Warbler Species‖ page. 
 
 
Monitoring:  The Monitoring component of the website contains sections describing the survey types and 
locations, the spatial distributions of warbler detections in northeastern British Columbia, and an 
evaluation of the survey designs used to sample forest birds in general and warblers in particular. 
 
Survey Locations: Describes the roadside, forest interior, and model-based sampling approaches. 

 Information about the location and various types of bird surveys that have been conducted in 
northeastern British Columbia in the past few years. 

 Maps showing the distribution of BBS surveys overlaid on Forest Divisions, Ecodivisions, and 
biogeoclimatic variants (Figure 8). 
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Figure 8. Screen capture depicting the ―Survey Locations‖ page. 
 
Warbler Detections: This section provides two methods for viewing warbler detections in northeastern BC. 
 

 The Google map viewer enables detections to be viewed interactively on top of recent satellite 
imagery (Figures 9 and 10). 

 Simple images of warbler distribution maps provide an overview of all detections in the northeast 
overlaid on broad ecosystem types (Ecodivisions) 

 
 
Survey Evaluation: This page includes an evaluation of the current survey design including methods and 
tools for standardizing their use including an evaluation of the representativeness of the bird surveys, an 
assessment of the power of the monitoring program for detecting trends and differences in habitat 
selection, and an evaluation of survey methods that complement standard roadside surveys. 

 Representation of surveys. 

 Sample size and power (Figure 11). 

 Effectiveness of complementary surveys. 
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Figure 9. Google-based map viewer showing location of Black-throated 
Green Warblers in the Fort St. John TSA (zoomed out). 
 

 

 
Figure 10.  Google-based map viewer showing location of Canada 

Warblers in the Fort Nelson TSA (zoomed in). 
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Figure 11. Screen capture showing a power analysis data entry form. 
 
 
Habitat Models:  The Habitat Models section discusses methods and tools for developing and validating 
habitat-based management models. Specifically, identification of important map-based habitat attributes 
that can be manipulated through management practices, development of habitat models including 
selection ratios for habitat classes and resource selection functions, and an evaluation of the predictive 
accuracy of the habitat models. 
 
Model Covariates: Describes the choice and derivation of vector- and raster-based attributes that can be 
measured from large-scale, digital forest inventory data. Models developed from these data can be 
projected over large spatial and temporal scales i.e., at any place or time for which such data are 
available 
 
Habitat Models: Overview of the different habitat-based modeling approaches that were considered and 
used to model the distribution of warbler species in BC and Alberta (Figure 12). 
 
Key Attributes: The key attributes section provides some information on methods used to identify key 
habitat attributes at stand and landscape levels that can serve as surrogates for modeling. It summarizes 
the multi-scale approach performed using data from Alberta to separate out the variance components 
associated with stand- vs. landscape-level scales. Section 2.1 of this report provides more detailed 
information on the topic of using surrogates for monitoring and modeling warbler species. 
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Figure 12. Screen capture showing the ―Habitat Models‖ page. 
 
 
Applications:  The Applications section of the web-based DSS provides examples of the use of the 
models for management purposes, for example to develop methods for selecting survey sites for rare 
species or to predict species distribution and habitat supply. 
 
Site selection: The site selection page (Figure 13) describes the use of targeted (model-based) sampling 
approach to enhance the effectiveness of the monitoring program for the five listed warbler species (see 
also Vernier et al.  (2010)  
 
Habitat mapping: This section provides examples of the use of the habitat-based models to map the 
predicted distribution or habitat suitability (supply) of a species over large spatial and temporal scales.  
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Figure 13. Screen capture of the Site Selection page. 
 
 
Resources: The Resources section provides access to GIS and statistical methods and tools that we 
developed, publications resulting from this and related projects, and links to a variety of information 
sources on monitoring, modeling, and management of birds and their habitats. 
 
Methods and Tools: The methods and tools section describes some methods and tools that can be used 
to help design and evaluate surveys and to model species-habitat relationships (Figure 14). Most of the 
analyses require ArcGIS and/or R, a free statistical analysis program.  Numerous scripts were created, as 
part of the project, to automate the analyses and facilitate their replication. 

 
Publications: The publications section includes: 

 FSP Executive Summaries from previous years of the project 

 Publications resulting directly from the project. 

 Other publications, mostly from related projects in northeastern British Columbia 
 
Bookmarks: This section includes numerous general and specific resources that may be used for 
monitoring, modeling, and managing biodiversity (including birds and other wildlife) in forest ecosystems. 
Specific resources include: 

 Monitoring Initiatives & Atlases, Monitoring Methods and Tools, Conservation Planning Tools, 
Data Sources, Habitat Analysis & Modeling, Simulation Modeling, Research and Consulting, 
Monitoring Initiatives & Atlases, Monitoring Methods and Tools, Conservation Planning Tools, 
Data Sources, Habitat Analysis & Modeling, Simulation Modeling, Research and Consulting. 
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Figure 14. Screen capture of the Methods and Tools page. 
 
Most extension products were delivered directly through the website.   
 

Discussion 
 
Provided records were large enough, all five warbler species addressed here showed significant 
preferences for some BEC variant, and avoidance of others, in at least one of the DFAs tested (Bunnell 
2010).  Not all species were recorded in each DFA (Table 2).  The statistical associations with BEC 
variants and VRI-based habitat types facilitate both planning for conservation and more cost-effective 
focused monitoring.  Regional data reveal that the habitat designations assigned to these species by 
Environment Canada are based largely on eastern data that do not apply to conditions in British 
Columbia.  This finding suggests that, without correction, assessment of potential impacts of incidental 
take would be misleading.  Regional data are far more informative and are readily organized within the 
Species Accounting System (§2.1).  
 
We evaluated the usefulness of two types of bird monitoring surveys used in the Fort St John TSA to: 1) 
determine the overall level of occupancy for each species in a region or habitat strata, and 2) detect 
changes in the level of occupancy between two years within a region.  Results were intended to guide 
refinements to the monitoring program by providing recommendations to managers on the intensity and 
frequency of sampling in relation to their power and precision.  More cost-effective monitoring increases 
the likelihood of timely management action if necessary.  For each management scenario, the model-
based surveys proved to be the most efficient survey type for warbler species at risk.  This is not 
surprising, because those surveys specifically target high quality habitat for those species. It is important 
to remember that although the model-based surveys enable managers to detect key species more 
effectively, such surveys are not representative of the larger landscape.  The relatively low rate of 
detection of warblers along standard roadside surveys is likely due to the fact that those surveys are not 
efficient at sampling habitat types that are sought by certain species, including the five warbler species.  
The opportunistic location of BBS means that many stations are adjacent to unfavourable habitat for less 
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common species.  Moreover, the later seral hardwoods and mixed woods preferred by the warbler 
species (Table 2) are typically being logged or removed along logging roads. 
 
Clear, specific and measurable management and sampling objectives are needed to evaluate the 
efficiency of the different survey types.  Management objectives such as detecting changes in occupancy 
over time need to be matched to more specific sampling objectives.  Specifically, biologically relevant 
effect sizes or confidence intervals need to be specified - whether as a single threshold or a range of 
acceptable conditions. In scenario 2, for example, we specified a 30% change in occupancy between two 
time periods. Such decisions need to balance biological and management importance and will likely result 
in a range of values rather than a single threshold.  Similarly, some thought needs to be given to the 
desired level of precision that is required for decision making. Narrow confidence intervals will lead to 
unrealistically high sample sizes for the five warbler species evaluated. Conversely, wide confidence 
intervals will not be useful for guiding management actions for those species. Stratifying by habitat type 
would reduce variability in occupancy for each species – however, when constrained by the conventional 
BBS approach and length, this would be partially offset by reducing sample size of each stratum.  It is this 
tradeoff that is avoided by model-based surveys that can ignore the constraints of BBS (§2.2 and 2.3).   
 
The website – http://biod.forestry.ubc.ca/warblers – described in §2.4 provides a ―one-stop shop‖ for 
natural history information, regional data and appropriate methodologies for listed warbler species in 
British Columbia.  The methodologies illustrated are equally applicable to other species ‗at risk‘. 

 
 

Conclusions and management implications 
Conclusions and management implications are summarized in point form: 
 
1.  The statistical associations with particular BEC variants and VRI-based habitat types facilitates both 
planning for conservation and more cost-effective focused monitoring (§2.1).  Those associations can be 
derived from standard BBS routes provided stations are georeferenced, so can be related to map-based 
variables, such as the Vegetation Resource Inventory and BEC.  Their map-based nature makes them 
cost effective 
 
 2.  Regional data reveal that for all five of the species evaluated, Environment Canada‘s assignment to 
habitat type does not reflect documented habitat selection in northeast British Columbia (Environment 
Canada‘s assignment appears based on eastern data).  Such errors could lead to misleading 
assessments of forest practices intended to compensate for incidental take (§2.1).   
 
3.  For some listed warblers, the requirement for shrubs under canopy (Table 3) makes Wildlife Habitat 
Areas an ineffective option (suitable conditions are short-lived) and more attention should be addressed 
to forest practices. 
 
4.  Analyses of §2.3 reveal that 1) values for BBS are derived from the opportunistic locations of BBS; 
fewer stations are required when sampling is stratified or directed by habitat affiliations summarized in 
Table 2); 2) fewer stations of either survey type are needed to detect downward or upward trends in 
occupancy if the surveys are conducted annually.   
 
5. Approaches developed here and available at the website noted (§2.4) yield habitat suitability maps by 
linking the logistic regression coefficients to ArcGIS (e.g. Figure 3)   The maps identify areas that would 
be suitable for selecting additional survey sites or for focusing management activities for high priority 
species.  
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Appendix 1.  Common and scientific names for the five listed warbler species that occur in northeastern 

British Columbia. 
 
 

CODE Common Name Scientific Name 

BAYW Bay-breasted Warbler Dendroica castanea 
BTNW Black-throated Green Warbler Dendroica virens 
CAWA Canada Warbler Wilsonia canadensis 
CMWA Cape May Warbler Dendroica tigrina 
COWA Connecticut Warbler Oporornis agilis 

 


