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Research & Monitoring 

 

Effects of disturbances at local and neighbourhood scales. We identified surveys affected by permanent (e.g., roads, seismic lines, well 

pads, mining) and transitional (forestry operations) disturbances. At the 

local scale (~3 ha), point count surveys with up to 30% of disturbed area 

were mostly affected by permanent disturbances, while the remaining 

disturbed surveys were mostly affected by transitional disturbances. At 

the neighborhood scale (~75 ha), point count surveys with up to 15% of 

disturbed area were mostly affected by permanent disturbances, while 

the remaining disturbed surveys were mostly affected by transitional 

disturbances. 

We modelled species’ counts using generalized linear mixed models 

(GLMMs) with Poisson distribution and a log link. Covariates and 

random effects accounted for variability in mean density associated 

climate, large-scale habitat selection, spatial autocorrelation, and 

temporal patterns. BAM offsets corrected for species detectability and 

methodological differences among surveys (Sólymos et al. 2013).  

Preliminary results suggest a significant negative effect (filled circles) of 

local disturbances for 12 of 17 songbird species, with density reductions 

ranging from 6% to 75%, and a significant negative effect of 

neighborhood disturbances for 10 of 17 species, with density reductions 

ranging from 14% to 70%. 
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Importance of breeding ground factors. Using BAM data, we employed a machine learning approach to rapidly identify hypotheses for 

climatic and land-cover factors acting on the wintering and breeding grounds that could drive population change for each of 37 long-

distance migrant species.  

Combining results across species, 

the first major finding was that 

breeding ground factors (weather 

and forest change) had the 

greatest influence on inter-annual 

fluctuations in species’ breeding 

populations. Here, relative 

importance is a measure of how 

much of variation in breeding bird 

abundance is explained by each of 

these types of drivers. Breeding 

ground variables were most 

important based on total relative 

abundance.  

However, if we adjust the relative 

importance for the number of 

variables contributing to the effect, we see that the single most predictive variable is forest change on the breeding ground. 
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Three methods of evaluating cumulative impacts. For each 100-m point-count survey (purple circles) within this landscape of 

unharvested boreal forest stands (green outlines), cutblocks (yellow patches), 

roads (yellow), seismic lines (brown), and well-pads (green squares), we 

quantified human impact in three different ways. Area or proportional 

amount of each footprint within each point count enables calculation of dose-

response effects of human footprint. Classifying each point count as within or 

having a particular type of human footprint enables calculation of control-

impact effects. Distances from the centre of each point count to nearest 

cutblock, seismic line, road, pipeline and well-pad enable calculation of zone-

of-impact effects of human footprint. 

We have built models using all three methods at local spatial scales for 

Ovenbirds and are currently comparing the results among the three methods 

for both additive and cumulative effects models.  

 

We used habitat and human footprint models from separate point count studies (local 

scale ~ 7 ha) to predict abundance of 64 boreal bird species within 63-ha landscapes. 

Although prediction (R2) was generally better for regionally abundant species and 

habitat specialists during internal validation, our local scale models were better at 

ranking landscapes according to species’ predicted abundance or presence/absence 

than predicting actual abundance per landscape. Some species were overestimated or 

underestimated; overestimation was generally reduced and sometimes eliminated by 

removing potential outliers with unusually high predicted abundance counted due to 

correction factors in those few landscapes. Combining landscapes into groups according 

to predicted abundance of a species and predicting average landscape abundance 

resulted in higher R2 (>0.50 for most species) than predicting abundance in individual 

landscapes. For example, at right: predicted and observed average number of Ovenbirds per landscape.   
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Colonization in control and cut sites. We used multi-season occupancy models to 

explore changes in Black-throated Green Warbler abundance in intact (control) 

sites versus cutblock sites. We found that initial site occupancy by the species 

was higher in control sites than in new or older cutblocks, and that colonization 

of new sites was more likely in control points than in cutblocks. However, the 

probability of colonization of a cutblock increased as the cutblock aged.  
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Testing a risk matrix. The risk matrix assigns each forest stand a rank 

representing its expected nest density based on Biogeoclimatic Zone, 

tree species group, forest age, and forest height. These ranks were 

determined based on general ecological principles, such as the 

understanding that birds will prefer more complex forests, 

represented as an interaction between forest age and height. To 

evaluate the matrix, we will model total bird density as a function of 

the same four attributes and contrast matrix ranks to our predicted 

density. We also intend to create species abundance models for 

target species to create maps of density for all forest stands, which 

could complement the matrix by identifying stands likely to contain 

species of conservation concern.  

As of March 2017, we have data from ~36,000 point-count surveys 

across British Columbia. Almost half of the 3360 unique combinations 

of forest stand attributes were sampled by at least one point count.  
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Multi-species end-of-century velocity-based refugia map. We averaged single-species indices to derive this combined map. Areas of 

highest combined future refugia 

potential (dark blue) include 

western mountain regions and 

eastern coastal regions with a 

maritime influence. These areas 

represent the most efficient 

options for protecting current 

boreal forest species and 

communities. Areas of low refugia 

potential (orange) reflect areas of 

rapid change (i.e., high biotic 

velocity) that are likely to harbor 

novel communities in the future, 

due to variation in how quickly 

species can respond to climate 

change. As such, they provide 

important opportunities for 

monitoring and possible conservation intervention. Robust conservation strategies should include both high- and low-velocity regions. 
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Simulating fire regimes using the Burn-P3 tool. 

Simulation results showed that current fire 

regimes, under future climate conditions, are 

enough to result in approximately a 50% loss in 

boreal conifer and mixedwood forest in Alberta 

by 2100, based on fire-mediated vegetation 

conversions. Additional increases in the number 

and duration of fires (“unconstrained” fire 

regime) would further accelerate vegetation 

change, approaching the extreme loss of conifer 

and mixedwood forest suggested by climate-

driven niche model projections. 

Specific objectives. 1) Identify important geographic areas and habitats currently supporting high breeding densities; 2) Identify 

geographic areas with large projected increases and decreases in density, as well as stable climate-change refugia; 3) Provide a synthetic 

vulnerability assessment of characteristics of habitats, geographic areas, and species within this region that may render them most 

vulnerable to effects of climate change; 4) Examine species vulnerability to landscape change relative to the public lands estate across 

the region, and demonstrate how agency responsibilities for species conservation will change through time. 
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A framework for discussing climate change 

vulnerability of boreal birds. Recommended 

climate change actions depend on a combination 

of short-term demographic vulnerability and long-

term climate vulnerability. Although populations 

of most boreal bird species are currently stable, 

many are particularly vulnerable to climate 

change, based on expected future reductions in 

habitat. We developed a framework for action 

based on the intersection of these factors. 

 

Photo: Tara Stehelin 
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Population trends and changes in 

habitat supply. We estimate trends 

from our national Canada Warbler 

model as the expected density 

based on variation in the amount of 

habitat. The “year effect” indicates 

percent annual trend, how much 

the population changed on average 

each year, from 2002 to 2012, after 

accounting for all other variables in 

the models. We calculated this 

trend for Canada Warblers 

nationally and within provinces and 

BCRs where Canada Warblers were 

observed.  

We found little evidence that 

changes in habitat supply should 

have influenced Canada Warbler 

population size between 2002 and 

2012.  
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Approximating species detectability in absence of field data. Our QPAD method generates singing rate and effective detection radius 

(EDR) estimates for each species with associated uncertainties (Sólymos et al. 2013, Sólymos 2016). We assessed how well these could 

be approximated based on 

phylogenetic relationships 

and species traits such as 

song pitch, body mass, 

migratory status, and habitat 

associations. Using a 

phylogenetic mixed model 

and leave-one-out (LOO) 

cross-validation framework, 

we found that EDR was well 

explained by covariates, 

especially habitat association 

(open vs. forested habitats) 

and body size, but displayed 

no unaccounted phylogenetic 

signal. Singing rate (SR) was 

related to song pitch and migratory strategy, and had a strong phylogenetic signal not accounted for by covariates.  

These findings indicate that detectability is predictable based on physical constraints posed by sound attenuation and singing behaviour 

of closely related species. This would justify using estimates of similar species in data deficient situations. 
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Paired sampling to integrate ARU and human point count data. We describe how paired sampling can be used in conjunction with GLMs 

or GLMMs to estimate correction factors (δ) to remove biases between autonomous recording units (ARU) and traditional point counts. 

We used data from 363 point count 

stations in 105 unique boreal study sites, 

in which we simultaneously conducted 

human based point counts and recorded 

the bird community with ARUs.  

Here we show bias in estimated 

densities (birds/ha) for 35 species of 

boreal forest birds from point count data 

derived from autonomous recording 

units (ARUs) compared to densities 

derived from human point counts 

conducted at the same time and 

location. Densities from human point 

counts were derived by adjusting counts 

for biases in availability (p) and 

perceptibility (q) using the QPAD 

approach (Sólymos et al. 2013). 

Densities from ARU surveys were 

derived by applying QPAD offsets from 

human observer data (open circles), 

versus adjusting the offsets to account 

for the scaling constant δ (closed red circles) estimated from GLMM models that included survey type as a fixed effect factor. Bias was 

estimated from fitting models to 70% of the study sites and validated against the withheld external validation sites (30%) over 50 

repeated random sub-samples of the data. The results suggest that our method removes systematic biases in counts between ARUs 

and human observers. Our method is easily implemented and will facilitate the integration of ARU and human observer point count 

data, facilitating expanded monitoring efforts and meta-analyses with historic point count data. 

Sound transmission experiments to compare ARUs and people. 

Daniel Yip (PhD student with the University of Alberta-

Bioacoustics Unit), with contributions from BAM team 

members, compared detection distances between human 

observers in the field and four commercially-available recording 

devices using a broadcast-recording experiment to simulate 

vocalizations of various avian species at different distances and 

amplitudes. He found that humans can detect sounds at greater 

distances than ARUs although it depends on species song 

characteristics. Results from the experiment were used to 

calculate correction factors for standardizing detection 

distances of ARUs relative to each other and human observers.  
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Correcting for roadside bias. The design-based 

element means that we filter out 'worst offenders' 

where our data analyses and simulations suggested 

roadside bias is expected to be maximal. We exclude 

surveys made along wide roads (i.e. highways). Model-

based approaches include the estimation of modifying 

variables related to the presence of a road, or the 

proportion of linear features within 150 m radius 

circular buffers around point count locations. We also 

consider interactions between land cover type 

(open/closed canopy, forest composition) and the 

effects of road. These methods allow us to account for 

the roadside related bias in our density models. 

Corrected densities are then used for prediction 

purposes. Without proper attribution of the effects of 

linear features (e.g. numeric vs. behavioural 

responses, direct habitat loss vs. indirect edge 

effects), it is still challenging to consider linear features (roads, seismic lines, pipelines, transmission lines) in predictions and forecasting 

of population density. 

In our Alberta-specific density model, we found that Canada Warbler abundance at roadside sites was 79% that of off-road sites (Ball et 

al. 2016). 

 

• 

 

• 
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Canada Warbler density - 

finalized. As in previous years, 

point-count data were modelled 

as a function of land cover, 

disturbance, topography, 

climate, and spatio-temporal 

variables to generate national 

models explaining the variation 

in abundance of Canada 

Warblers across Canada.  

As one outcome, we mapped 

expected Canada Warbler 

density (males/km2) across 

Canada, Alaska, and the 

northern portion of the United 

States. 

 



Research & Monitoring 

Research & Monitoring BAM 2016-17 Annual Report | 20 

 

Analyses suggest higher densities of Canada Warblers in 

dense deciduous and mixedwood stands and to a lesser 

extent in dense wetland and conifer stands. The model 

suggested higher densities as time since fire increased, 

and in stands with a canopy height between 15 and 20 

m. We found a negative effect of on-road surveys 

compared to off-road surveys.  

 

Latest Alberta models integrate ARU data. Data integration consisted of filtering 

observations by date and time window defined by historical observations (late May, 

early June, early morning hours) and model-based estimation of the difference 

between effective detection radii for the different methods. This approach to data 

integration worked for most species, but effects were hard to estimate for some of 

the rare species with few ARU detections. For these species, development of 

correction factors, or a combination of corrections and model-based estimates will 

be warranted until recording technologies start dominating the data sets. 

 

file:///C:/Users/Kyle%20and%20Nicole/AppData/Roaming/Microsoft/Word/species.abmi.ca
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Links between habitat use and acoustic behaviour. Elly is using a combination of behavioural study, new technology, and ARUs to study 

Common Nighthawk acoustic behaviour at multiple scales. She has found that Common Nighthawk call rate and wing-boom rate both 

vary with behavioural activity, and that the wing-boom signal is centered over the nest site. She has also demonstrated that the results 

of Common Nighthawk habitat suitability models will vary depending on which acoustic signal is used as the response variable.   
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Habitat selection by surveying biologists. We used a 

logistic regression / resource selection function (RSF) 

framework to model the “selection” of BCR-specific 

survey conditions by those conducting point counts. 

Although results varied by BCR, odds ratios indicated 

that under-surveyed habitats included sparse, open 

conifer and deciduous habitats, and wetland 

habitats. Recently disturbed areas were also under-

represented, as were climates characterized by long 

winters and high temperature seasonality. Using a 

combined boreal-wide model, we mapped the 

probability that a given location had been surveyed 

based on its biophysical attributes.  
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Data Development 

Layer Details Location Reference  
Density version 1. Estimated 
breeding density by BCR, 
jurisdiction, and land cover 
class  

Males / hectare of each species 
estimated from hierarchical 
models of species’ density. 

• Timeframe: 2005  

• # species: 70 

• Extent: varies by species 

Table available by request 
to Coordinating Scientist. 

BAM website (BAM 2012) 

Density version 2. Spatially-
explicit current species 
density  

Males / hectare of each species, 
predicted from Boosted 
Regression Tree models. 

• Timeframe: current  

• # species: 103 

• Extent: northern North 
America, excluding high Arctic 

Interactive maps on Data 
Basin 
 
Download ASCII grids from 
Data Basin 

Stralberg et al. 2015. Ecological 
Applications (Stralberg et al. 
2015b).  

Species Density under 
Climate Change  

Males / hectare of each species, 
predicted from Boosted 
Regression Tree models and 
climate models. 

• Timeframe: 2011-2040; 2041-
2070; & 2071-2100 

• # species: 103 

• Extent: northern North 
America, excluding high Arctic 

Interactive maps on Data 
Basin 
 
Download ASCII grids from 
Data Basin 

Stralberg et al. 2015. Ecological 
Applications (Stralberg et al. 
2015b). 

Climate Change Refugia Area of overlap between current 
and future suitable habitat for 
each species.  

• Timeframe: 2011-2040; 2041-
2070; & 2071-2100 

• # species: 103 

Temporary FTP (by request 
to Coordinating Scientist) 

Stralberg et al. 2015. Diversity 
& Distributions (Stralberg et al. 
2015a).  

mailto:nbarker@ualberta.ca
http://www.borealbirds.ca/index.php/density
https://borealbirds.databasin.org/galleries/143b56bbc7584bd7a44ba86119061b15#expand=55285
https://borealbirds.databasin.org/galleries/143b56bbc7584bd7a44ba86119061b15#expand=55285
https://borealbirds.databasin.org/pages/bam-download
https://borealbirds.databasin.org/galleries/143b56bbc7584bd7a44ba86119061b15#expand=55285
https://borealbirds.databasin.org/galleries/143b56bbc7584bd7a44ba86119061b15#expand=55285
https://borealbirds.databasin.org/pages/bam-download
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• Extent: northern North 
America, excluding high Arctic 

Species Distribution & 
Relative Habitat Suitability 

Predictions of habitat suitability 
from MaxEnt models of species’ 
presence.  

• Timeframe: current 

• # species: 88 

• Extent: North American boreal 
and hemiboreal 

Static images on BAM 
website.  
 
Rasters available via 
temporary FTP (by request 
to Coordinating Scientist) 

Described on the BAM website 

Forest Age Associations The minimum forest age inhabited 
by each species. 

• # species: 59 

Table available by request 
to Coordinating Scientist 

Appendix of Stralberg et al. 
2015. Diversity & Distributions 
(Stralberg et al. 2015a). 

Waterfowl Relative Densities Pairs / km2 of each species/group, 
predicted from Boosted 
Regression Tree models.  

• Timeframe: current 

• # species: 17 species & 3 
nesting guilds. 

• Extent: Canada 

Rasters available by 
request from DUC (contact 
Al Richard) 

Barker et al 2014. ACE-ECO 
(Barker et al. 2014a) 
And  
Barker et al 2014. Ecosphere 
(Barker et al. 2014b). 

http://www.borealbirds.ca/index.php/species_distribution
http://www.borealbirds.ca/index.php/species_distribution
http://www.borealbirds.ca/index.php/species_distribution
mailto:a_richard@ducks.ca


Data Development  

Data Development BAM 2016-17 Annual Report | 37 

 BAM Avian Database BAM’s BBS Database 

Version (Year Updated) V4 (2017) V4 (2017) 

# Projects 150 
Data inclusive of 2014, all Canadian and 

Alaskan BBS routes and some routes from 
northern USA. 

# Sampling Locations 201,062 65,609 

# Sampling Events 328,603 670,453 

# Bird Observations 3,057,409 4,901,199 
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Communications 
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https://www.researchgate.net/publication/301580086_Boreal_bird_abundance_estimates_within_different_energy_sector_disturbances_vary_with_point_count_radius
https://www.researchgate.net/publication/301580086_Boreal_bird_abundance_estimates_within_different_energy_sector_disturbances_vary_with_point_count_radius
https://www.researchgate.net/profile/Fiona_Schmiegelow/publication/284234329_Community_structure_and_niche_characteristics_of_upland_and_lowland_western_boreal_birds_at_multiple_spatial_scales/links/56ff6e9408aea6b77468d9d2.pdf
http://onlinelibrary.wiley.com/doi/10.1111/ecog.02393/full
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https://www.youtube.com/watch?v=RQeCIf4dvuk
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https://adaptationcanada2016.ca/wp-content/uploads/2016/04/Adaptation-Canada-2016-Proceedings.pdf
http://www.cacpd.org/presentations/edmonton/10_Stralberg_Refugia.pdf
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