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Highlights from 2017-18

BAM pursues applied ecological research, collaborates with other parties to directly
inform conservation and management of species, and develops data and data products
to support research and management. All of the above are shared via a variety of
communication mechanisms, and rely on attentive coordination of our distributed
network of BAM team members.

Here are our main achievements from April 2017 to March 2018.
Research & Monitoring

Boreal Bird Density, Population Size, and Habitat Needs

% Importance of accounting for sampling bias in population size estimation demonstrated » page 8

% Canada warbler select different habitat in eastern vs. western Canada, suggest new hierarchical models
using forest resource inventory data » page 11

% Updated Canada-wide BAM data products describing avian density, distribution, population size, and
trends to be released in 2018-19 » page 8

Impacts of Landscape Change and Climate Change on Boreal Birds
% Climatic factors and forest loss on breeding grounds have strong influence on boreal bird breeding

abundance, suggest analyses across 46 long-distance migrants » page 13

% Local densities of many old forest associated songbirds appear to decrease with increasing levels of
anthropogenic disturbance » page 16

% Predicting larger scale cumulative effects from local-scale models works well on average, but not on
individual landscapes » page 17

% Cumulative effects of human activities on birds in oil sands region demonstrated by three different
analytical approaches » page 18

Informing Conservation Planning for Boreal Birds
3% Decision-making roadmap developed to inform spatial conservation prioritization of boreal bird habitats

in Canada » page 21

Development of Methods to Account for Imperfect Detectability of Species
% Species detectability is predictable based on species traits and the singing behaviours of closely related

species » page 23
% Recommendations outlined for application of time-removal approaches and their influence on density
estimation » page 23

Outcomes & Collaborations

BAM contributed to over 30 collaborative efforts to facilitate boreal bird conservation and management,
involving non-governmental organizations, provincial and federal government agencies, industry, Indigenous
Peoples, and academic institutions » page 36
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Conserving Species at Risk
3% BAM continues scientific support for conservation prioritization for species at risk, including Canada

warbler, olive-sided flycatcher, common nighthawk, and rusty blackbird » page 27

% Conceptual model to guide identification of critical habitat for wide-ranging bird species approved for
publication by Environment & Climate Change Canada » page 12

% Management units for Canada warbler critical habitat identification to be delineated using geographically
weighted regression » page 12

Integrating Science, Policy, and Action to Support Conservation of Boreal Birds
% Special issue in Avian Conservation & Ecology, arising from 2016 Conservation of Boreal Birds workshop,

will appear in late 2018 » page 29

Linking Avian Conservation and Forest Management
% “Birds and Forestry” workshop hosted by BAM and the Sustainable Forestry Initiative, attended by 39

individuals from 27 academic, industry, governmental, or non-governmental institutions. Forthcoming
workshop report to outline future collaborative opportunities » page 33

% Expertise and research on avian and biodiversity conservation in relation to forestry contributed via
several meetings and research projects » summarized on page pages 34

Recommendations for Avian Sampling
% BAM’s avian data in use to evaluate sampling design methods as part of Environment & Climate Change

Canada'’s Boreal Monitoring Strategy » page 35

% Locations of 2017 avian point count sampling by BC forest companies informed by BAM analyses » page
35

Data Development
% Products currently available include:

+ national density maps for 103 songbird species and 17 waterfowl species or species groups;
+ climate-change informed projected distributions for 103 species;
+ maps of climate refugia;
+ maps of priority areas for conservation of Canada Warbler in Bird Conservation Region 14;
+ maps of species’ probabilities of occurrence for 80 species.

Email BorealAvianModellingProject@ualberta.ca to make a request » page 40

3% New data product distribution platform under development with launch anticipated for March 2019 »
page 39

Communications
3% Site map for updated BAM website completed, with website launch planned for March 2019 » page 45
% Publication of two BAM core papers, and additional four with significant BAM contributions » page 46

% BAM research and conservation efforts showcased in more than 20 talks at international or regional
conferences and targeted workshops » page 48

Project Management
% Two post-doctoral fellows (Andy Crosby, Tati Micheletti) and 4 graduate students (Antoine Adde, Brendan
Casey, Isolde Lane Shaw, and Ana Raymundo) joined the BAM team in 2017-18, supported by an NSERC
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Strategic Partnership Grant on avian conservation in managed forests through statistical modelling and
spatial simulation » page 53

% Research Scientist Junior Tremblay (ECCC-S&T) joined the BAM team as a contributing scientist, focusing
on landscape simulation, managed forests, and critical habitat for species at risk » page 53

3% Centralized resources created to support efficient team operations and collaboration, including an FAQ
guide on team function and operations and a shared repository for file structures and code bases; these
will also provide the basis for effective collaboration with external groups » page 52

% Formal strategic planning effort launched in 2017-18 to identify BAM’s mission, long- and short-term
visions, objectives, and strategies to achieve the mission » page 53
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About Us

Our Vision Our Mission
Conservation of North American boreal- BAM develops high quality scientific
breeding birds and their habitats is guided by information, products, and guidance
rigorous, credible, and collaborative science addressing pressing management needs
Our Objectives

1. ASSEMBLE, harmonize, and archive standardized boreal bird survey data.
2. DEVELORP or refine statistical methods to analyze these data, to:

3. PROVIDE reliable information on boreal bird distributions, abundances, trends, and habitat
associations;

4. FORECAST population consequences of human activity and climate change;
5. CONTRIBUTE to conservation, management, and monitoring of boreal birds and their habitats.
6. BUILD SUPPORT for boreal bird conservation via collaborations and outreach.
7. FACILITATE further research efforts by generating testable hypotheses about key mechanisms driving
boreal bird populations.
8. ENCOURAGE public awareness and support education.

Our History

The Boreal Avian Modelling (BAM) Project was established in 2005 to address critical knowledge gaps
challenging the management and conservation of boreal birds in Canada. BAM’s work draws upon a large
database created through an initial investment in assembling and harmonizing data contributed by individual
research and monitoring efforts conducted in the Canadian and US boreal & hemi-boreal forest. Our strength
draws from this foundation of collaboration.

Our research products are applied to many aspects of boreal bird management and conservation, including
migratory bird monitoring, population estimation, determination of habitat requirements, population
assessment and recovery planning for species at risk, environmental assessment, identification of priority
wildlife areas, protected areas design, and land-use planning.

Our Structure

The BAM Project Team is made up of academic researchers, project staff and post-doctoral fellows, government
scientists, and graduate students. BAM collaborates with federal and provincial governments, academics,
industry, Indigenous Peoples, and non-governmental organizations with interests in the development and
application of science for bird conservation and management.

Learn more at borealbirds.ca
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Recognizing Collaborations

Given BAM'’s highly collaborative structure, we wish to appropriately acknowledge intellectual and financial
contributions to projects described in this report. This year, we introduce a three-way classification of projects
to indicate the alignment with BAM’s core goals and the degree of collaboration involved.

CORE project: A project addressing BAM's core mandate, led from inception to completion by
BAM Team Members

CO-PRODUCED project: A project jointly produced between BAM and external collaborator(s).
These are often conceptualized outside of BAM before BAM involvement is solicited. BAM
involvement could include intellectual contribution to project goals, data provision, analysis,
and interpretation of results.

INFORMED project: A project addressing BAM’s mandate with relatively little contribution

from BAM (e.g., data or limited expert knowledge). Alternatively, a project using BAM data or
intellectual contribution but not addressing BAM's core mandate.
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Research & Monitoring

BAM's research contributes to conservation and management of boreal birds in two
principle ways: 1) by providing the best available information; and 2) by advancing the
theoretical foundations underpinning conservation and management within the
boreal region.

Provision of information: Resource and species managers, policy-makers, and other
decision makers must respond, assess, and triage based on available information. BAM
strives to ensure the best information is available to facilitate evidence-based decision-
making.

Theoretical foundations: BAM also proactively conducts research on species ecology,
habitats, and human impacts, with intent to continually improve the intellectual
standard, theoretical basis, and rigour of our products and advice.

Here we describe progress on our research projects from April 2017 - March 2018.

Avian Ecology & Population Status Assessment

Density, Abundance, & Population Size

We refined our method of estimating population size using Alberta as a test case, developed regional
abundance models for British Columbia as part of a partnership with forestry companies, and
developed abundance models for the Northwestern boreal as part of a PhD thesis.

% National density maps and population size estimates

In previous years, we developed an approach to modelling species’ density and population sizes at national
scale using Canada warbler as a model species (page 7; Haché et al. in prep., Boreal Avian Modelling Project
2016). We intended to apply this approach to all species once finalized, producing updated national density
maps. During 2017-18, after testing the approach on a sample of 12 species, we recognized that the analytical
approach worked best when customized on a species by species basis. This precludes the intended automated
analysis of >90 species. After some team discussion, we agreed to develop our next generation of density maps
and population estimates using a machine learning approach. Since Boosted Regression Trees (BRTs) allow
more complex interactions and curvilinear relationships between species abundance and environmental
variables, we can more efficiently repeat the same analysis on >90 species. We will initiate the work in early
2018-19, anticipating completion of density maps and population size estimates by March 2019. [CORE project.
Contact: Diana Stralberg and Péter S6lymos]

3% Road-based sampling characteristics drive population size estimates in the boreal region
Since the early 2010s, we have tested and developed various methods to accurately and reliably estimate
population sizes of North American boreal birds. In 2017-18, we compared BAM population estimates to
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Partners in Flight (PIF) population estimates and quantified the factors contributing to differences (see box for
more information on the research methods and results).

30 T o ) - | Comparing population size estimates in Bird Conservation Region 6:
igure. Population size estimates (millions of . R . ., . .
vocalizing individuals) for 96 species (dots) Species managers require estimates of a species’ population size in
o e based on PIF and BAM’s methods in Bird a given region. We estimated population sizes from density maps
Conservation Region 6 Boreal Taiga and compared them to Partners in Flight's (PIF) estimates.
v %57 Plains in Alberta. . . .
= We built GLMs using the QPAD approach (S6lymos et al. 2013 - MEE),
= as outlined by Ball et al. (2016 - ACE-ECO). Models combine on & off
b 20 4 P road point count data and account for survey methodology and
L 0 1.7 2 3 | various biases (detectability, roadside, human/recorder) to
_QE" g ‘ e .| | estimate bird density across the study region based on modelled
wv) ® associations with landcover, climatic, and other variables.
15 -
2 o o Densities are converted to abundance of vocalizing individuals in
© ] " . each 1 km? (area of terrestrial land base in raster pixels) unit and
g—m 1 e 7 Pooymaen then summed to population sizes. We compared BAM estimates to
8 o 28V ® " o o ‘(,"W' PIF's 2013 estimates for the Alberta portion of BCR6.
S ..:» oo Pixel based population size estimates were on average 8.96 (min:
g e .:..‘* o 0.06, max: 81.07) times greater than PIF estimates (Figure). The
et o - difference between PIF's Maximum Detection Distance and BAM's
e e oo o o Effective Detection Radius difference was a major directional driver
E. ol s ;...'. : o0 of population size estimates. More importantly, the difference
0. e between on- and off-road densities and non-representative
T T f T T T " sampling of available habitats by roads seemed to explain most of
0 5 10 S 28 30 the variation in differences between population estimates across
soreal avian P |F POpulation Size Estimate species.

£%  Modelling Project Lo X X X X X
Findings could improve North American population size estimates.

::?;ﬁgg:rgfde"mm" Work in progress. Contact: Péter Solyms solymos@ualberta.ca for more information www.borealbirds.ca

We found that most of the variation in differences can be attributed to two factors: 1) methods for correcting
species detectability; and 2) whether or not the survey design is representative of the region over which
population estimates are generated. We are currently describing this work in a manuscript, which we expect to
submitin 2018-19 (Sélymos et al. in prep.). [CORE project. Contact: Péter S6lymos]

% Regional models for two aerial insectivores using landcover, climate, and disturbance covariates
Tara Stehelin (BAM PhD student with Fiona Schmiegelow, University of Alberta) is mapping the abundance and
distribution of olive-sided flycatcher and western wood-pewee in northwestern North America using habitat
models. Results are meant to ultimately identify areas of conservation priority within previously identified
potential refugia from climate change (Stralberg et al. 2018).

In 2017-18, current and future models were built using various climate, land cover, and disturbance layers for
both species (see box for methodological details and preliminary results). In 2018-19, models will be finalized
with additional covariates, uncertainty will be assessed, and the corresponding thesis chapter and manuscript
will be finished. [CO-PRODUCED project. Contact: Tara Stehelin]
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Density models for aerialinsectivores:

Western wood-pewee and olive-sided flycatcher
populations have declined nationally over the past
40 years. We built boosted regression trees based
on climatic and other habitat factors to estimate
and map species’ densities across the northwestern
boreal region (Figure).

0.0
Covariates with the greatest relative influence on -0.5
western wood-pewee abundance included tree -1.0
height, land cover, year, roads, and several climate -1.5
variables, such as climate moisture index and -2.0
seasonality (temperature difference). 'gg

-3.5

Figure. Predicted density (males / hectare) of

) western wood-pewee
Boreal Avian

£%  Modelling Project
)

-
Project de modélisation

~ | vidire boréal Work in progress. Contact: Tara Stehelin tstehelin@yukoncollege.yk.ca for more information www.borealbirds.ca

3 Regional density models to evaluate a stand ranking matrix used by forest companies

In 2017-18, we continued our evaluation of a tool being used by forest companies in BC to evaluate risk of
incidental take of migratory birds. Specifically, we continued quality-checking data, completed initial analyses,
presented preliminary results to partners, and summarized results in a report (see box for more details).

— Evaluating a risk matrix and providing a data-driven alternative: Forest
NG products companies are required to avoid harming birds or nests
during their logging operations. Forest companies in British Columbia

created a risk matrix tool to help evaluate the risk of incidental take

Figure. (unintentional killing / harming / destruction /

Predicted disturbance of birds / eggs / nest / young) from planned operations.
total bird

" density In the tool, individual forest stands are ranked from 1-6 representing
(males /- expected nest density. Scores were based on ecological principles
hectare)inBC  rasarding bird abundance and forest attributes like age, height, and

based ona 5 G
Bralininary leadingtree species.

N

Males / ha g:":::gon BAM evaluated correspondence between forest stand ranks and bird
0-4 \ Trege analysis.  density, using all BAM data available in BC. At the full study area extent,
B 255 % stand ranks did not correspond to total bird density. For some tree
’ species groups in some ecological zones, ranks did correspond to total

= 5.5-7.5 bird density.
] Zfolso's,@'x}% As an alternative to the risk matrix, we produced a map of predicted
: Y W total bird density based on a Boosted Regression Tree model of bird

"%\y’ RS density in relation to forest attributes (Figure).
A i This map can be converted to a matrix that follows the same format as
the existing tool. This data-driven matrix will yield information about
Boreal Avian total expected bird density in a given stand type, based on observed
5 Modelling Project relationshipswith forest characteristics.
/ :ﬂﬁg:&g’déusaﬁon Work in progress. Contact: Nicole Barker nbarker@ualberta.ca for more information www.borealbirds.ca L |
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We expect the work to continue in 2018-19, pending success of a Mitacs Accelerate grant with the Council of
Forest Industries (COFI). We will write a manuscript describing this work during that time. Results and products
from this analysis will be used in company-level operational forest management planning in the interior of BC.
This work benefited from additional support from Canfor, West Fraser, and an Accelerate grant from Mitacs.
[CO-PRODUCED project. Contact: Nicole Barker]

Habitat Requirements

Regional Variation in Habitat Selection
We began efforts to definitively address a long-standing question within BAM: Do species show
differential habitat needs, use, or selection in different parts of their breeding ranges?

3% Species relationships with stand-level forest composition and structure suggest differential habitat
selection across their ranges

In 2017-18, with the addition of new BAM post-doctoral fellow Andy Crosby, we revived efforts to document

and understand patterns of differential habitat selection for boreal birds. Specifically, we reviewed the literature,

formulated hypotheses, assessed methods, created a database (see page 43), developed preliminary habitat

models (see box for methodological details and preliminary results), and began drafting a manuscript.

In 2018-19, we will finish analyses a manuscripts describing this work. This project benefits from an NSERC
Strategic Partnership Grant (page 18) [CORE project. Contact: Andy Crosby]

Eastern region (Quebed) Estimating niche differentiation among regions: Expert
:Sj::t':r‘n"jigzrf"(”:;f;‘n‘;’E‘T‘;)) opinion and small-scale studies suggest that several
boreal-breeding birds may select habitat differently in

different parts of their ranges.

0 o
©

Proportion crown closure

S Canopy Height Our goal is to quantify and describe these patterns of
differential habitat selection for boreal birds and test

hypotheses about the causes of the patterns.

2 — e We built hierarchical Poisson ANCOVA models to
o0 o0d0 020 030 estimate differences in variable coefficients among
regions. Forest composition and structure variables in
the model were crown closure, canopy height, the
quadratic of proportion conifer in the canopy, and
proportion Pinus spp. in the canopy.

<
-

1 1 1 1 L 1 1

g

Proportion Pinus spp

Our test species, Canada warbler, showed differences in
intercepts and variable coefficients among regions in
T T T T 1 the eastern, central, and western boreal of Canada.

00 05 10 15 20

The results of this research will provide a deeper
Figure. Canada warbler response to four forest attributesin 3 different understanding of how SDECiES might respond to
regions of the Canadian boreal forest. management activities in different regions.

Boreal Avian
£%  Modelling Project

:;?;ﬁsggrg?dél'mm Work in progress. Contact Andy Crosby crosby@ualberta.ca for more information. www.borealbirds.ca
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Habitat for Species at Risk

We progressed significantly in our efforts to inform critical habitat identification for Canada warbler,
olive-sided flycatcher, and common nighthawk (all Threatened, SARA Schedule 1) with the leadership
of post-doctoral fellow Francisco Dénes.

3% Letting the birds delineate spatial units for critical habitat identification and management

In 2017-18, we worked with ECCC to develop an approach to delineate spatial units over which critical habitat
could be identified (see box for details on the method). In early 2018-19, we will complete analyses and propose
delineated management units to ECCC. [CORE project. Contact: Francisco Dénes]

Are there ecologically-meaningful regions within which species at risk should be managed? We let the
data decide: Delineation of management units is an important step in the identification of critical habitat
for wide-ranging boreal species given possible spatial variation in habitat requirements and
jurisdictional land management responsibilities.

We conducted exploratory analysis using geographically weighted Generalized Linear Models (R package
GWmodel) of Canada warbler density in relation to land cover, road, and climate.

Models identified spatially ?
varying relationships with -

environmental variables. T "
Post-hoc cluster analyses #&

could identify distinct spatial . KR
regions based on relatively Figure. Geographic
homogenous abundances & variation in Canada

responses to environmental Warblerrelationship to
. one covariate (deciduous forest).
covariates.

Colour gradient indicates geographically variable
estimates for this covariate. We expect a cluster
analysis on multiple relationships to delineate
discrete, ecologically meaningful spatial units.

Boreal Avian
£%  Modelling Project

-
@Lﬂﬁ?gg&fde"m’m Work in progress. Contact Francisco V. Dénes voeroesd@ualberta.ca for more information www.borealbirds.ca

e

3¢ A conceptual model to guide identification of critical habitat

In 2017-18, as part of our efforts to provide science to inform critical habitat identification for Canada warbler,
olive-sided flycatcher, and common nighthawk (page 27), we developed a systematic approach to guide
identification of critical habitat for wide-ranging bird species (see box for more details and a simplified version
of the conceptual model).

We have drafted a manuscript reviewing previous approaches and introducing our conceptual model (Dénes
et al. in prep.). In 2018-19, we anticipate publication of the manuscript, plus presentation of the work at the
North American Congress for Conservation Biology and at the International Ornithological Congress this
summer. [CO-PRODUCED project. Contact: Francisco Dénes]
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Guiding identification of critical habitat for wide-ranging bird Q'\ REVIEW DISTRIBUTION AND LIFE
species: When habitat is a limiting factor for species at risk of
extinction, habitat protection is vital to their recovery and 5“% HISTORY OF TARGET SPECIES

conservation.

In Canada, critical habitat is defined as “the habitat that is DLl s L L
necessary for the survival or recovery of a listed wildlife species ANALYSIS

and that is identified as the species' critical habitat in a Recovery DELINEATE MANAGEMENT UNITS
Strategy or in an Action Plan for the species” (Species at Risk Act,
SC 2002, c 29).

The identification of critical habitat for bird species that have
large breeding distributions in Canada is challenging for multiple
reasons, including data availability, characteristics of the boreal
forest, and characteristics of the species.

POPULATION RISK ASSESSMENT
BASED ON CURRENT AND FUTURE
HABITAT CONDITIONS

We reviewed recovery strategies for bird species breedingin
the boreal or hemiboreal region of Canada.
From our review, our experience with
Canada warbler, olive-sided flycatcher, and
common nighthawk, and discussion with o) INFORMING MANAGEMENT ACTION
ECCC, we proposed an approach for K

identifying critical habitat for wide-ranging,

BIOPHYSICAL ATTRIBUTES OF CRITICAL HABITAT

migratory, bird species (Figure). ACTIVITIES LIKELY TO DESTROY CRITICAL HABITAT
Vel mi'uﬁ."ﬂ'mied A REGIONAL HABITAT THRESHOLDS
S
::,?;;:Ss:,e{';fdd'sa"m Work in progress. Contact Francisco V. Dénes voeroesd@ualberta.ca for more information www.borealbirds.ca

e

¢ Manuscript describing our national Canada warbler model is nearing completion

In2017-18, we received positive feedback from ECCC regarding our national density model for Canada warblers.
We revised the manuscript, focussing on improved presentation of results. We anticipate submitting it to a
journal in 2018-19. [CORE project. Contact: Samuel Haché]

Population Changes & Drivers

Contribution of Non-breeding Grounds

We continued exploring the possible contributions of non-breeding ground factors to species’
breeding ground abundances.

N\

3¢ Signals of breeding and wintering weather and forest change in boreal bird population fluctuations
In 2017-18, we finalized analyses of wintering and breeding ground correlates of annual changes in breeding
abundance for 46 species and a wrote draft manuscript (see box for methodological details and a preview of
results). Our goal with this project is to understand and attribute the relative contributions of breeding versus
wintering ground factors as possible causal mechanisms of population fluctuations of boreal breeding birds,
and to examine migratory connections of bird populations.

We will submit a manuscript to a peer-reviewed journal by summer 2018 (Stralberg et al. in prep.) and presented
results at the American Ornithological Society meeting in April 2018. [CORE project. Contact: Diana Stralberg]
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Evaluating important correlates of annual abundances: We looked
for patterns across 46 long-distance migratory species to identify
potential drivers of changes in annual abundance.

We used machine-learning techniques (i.e., boosted regression tree .
analysis), combined with annual density estimates (detectability-  Top Figure.Non- = 0
adjusted abundance estimates) and global weather and landcover ~ Preedingsignalsfor ;7 uig

; : ; : bay-breasted warbler. .
data, to identify the primary correlates of annual changes in PV Iso = e 2t g o
b dance acKlines repl’esent
apun . weather variables; red lines

Across all species combined, the most predictive single variable ~ representforest change variables. Ny

was forest loss within the breeding ecoregion. Combined, however,  Boldlines represent variables with LT
breeding weather variables had the greatest overall (cumulative) ?bsf'”fte'"ﬂ”_ence %cretatlerft'l‘ggl o
influence on annual abundance, with precipitation and pZL:sZegi(:?mmum cale b Y
temperature having similarinfluence. ' N
The influence of non-breeding variables was nearly an order of 35 1 Bottom Figure.
magnitude smaller, but signals were found for most species. $ 30 - Average (by
Potential migratory connections emerging from th|§ work were g 5 | species) variable u climate indices
strongest in the western boreal region, where more bird data were 2 contributions by recinitation
available. T 5 category and = precipitatio

Lo X season for u temperature
Our results to_date generate numerous hypotheses about_ limiting o 15 regional models forest loss
factors and migratory connectivity that may he tested with more §
intensive research and modeling efforts. g 10

>

5 | . -
Boreal Avian 0 ‘ '

£%  Modelling Project

- breeding winter migration
Project de modélisation Work i Contact: Di Stralb tralb (bert . ti www.borealbirds.ca
aviaire boréal ork in progress. Contact: Diana Stralberg stralber@ualberta.ca for more information =

Climate Change

Climate Change Impacts

We contributed to two regional efforts to project bird abundance based on future landscapes under
climate scenarios: one in Bird Conservation Region 4 and one in northern Alberta.

3% Projected changes in future bird habitat diversity in Alberta

In 2017-18, we continued efforts to forecast the impacts of climate change on boreal bird communities while
considering forest harvest and wildfire. Specifically, we refined LANDIS-II Landscape Change Model simulations
and reviewed initialization of the parameters, especially vegetation cover maps (see box for more details).

In 2018-19, we anticipate completing simulations and analyses, and writing the manuscript, targeting a
submission in March 2019. This project is a collaboration with the Laurentian Forestry Centre (Canadian Forest
Service [CFS]) and S&T-Wildlife Research Division. [CO-PRODUCED project. Contact: Junior Tremblay or Diana
Stralberg]
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Future landscape simulation to understand impacts of forestry, natural disturbance, and climate
change in Alberta: Objectives of this project are to offer relevant information on how boreal bird
populations may be affected by climate change and forest harvest based on projected future forest
composition and age structure. Furthermore, we will identify bird habitats, geographic areas, and bird
species likely to be most vulnerable to climate change.

We projected future forest attributes within the Alberta-Pacific forest management area in
northeastern Alberta using the LANDIS-II forest landscape model. Simulations included both stand- and
landscape-scale processes that impact forest attributes under scenarios of different climate forcing
and anthropogenic disturbance intensity.

We apply bird models to these simulated landscapes to derive bird population trends for various
species, and to predict change in bird community.

Boreal Avian
£%  Modelling Project

— Work in progress. Contact junior Tremblay junior.tremblay@canada.caor Diana

Project de modélisation . . .
aviaire boréal Stralberg stralber@ualberta.cafor more information www.borealbirds.ca

e

5 Avian responses to climate-mediated landscape changes in Bird Conservation Region 4

In 2017-18, we contributed to efforts to simulate bird response to landscape changes caused by increased fire
severity and extent across the northwest boreal. We assembled BAM survey data from across the region and fit
a preliminary species distribution model for the current time period for each of the 10 most common species.
Meanwhile, the Scenarios Network for Alaska and Arctic Planning program completed the simulations of fire
activity and landscape change for the region (see box for more details).

Climate change effects on birds via fire regimes and vegetation ) Projected increases in deciduous forest area (1950-2100)

structure: Wildfires are expected to continue to increase in i i

8 e

severity and extent across the northwest boreal causing regional E -
shifts in forest cover, type, and a%e by the end of the century. We <
are simulating these landscape changes and their effects on bird 2
population levels across the Northwest Interior Forest Bird § ==
Conservation Region (BCR 4) for several bird species, including §
decliningspecies of concern. 2 fCha"thSi“

‘S orestarea
Qur goals are to (1) simulate changes in species distribution and g from 1950 to
breeding density in response to climate-mediated alterations to ¢ = 2100 across the
fire regimes to the end of the century, (2) project how public E e ] northwestern
la;qndowner responsibilities for bi(rjd pop#lationg_ in dBf:R d4 will boreal
change among agencies over time due to fire-mediated landscape = - T ‘ ‘ ‘ ‘ simulated
changes, and 3)g|dentify species and geographic areas that will Ee b) Projected declines in black spruce forest area (1950-2100) using boreal
hi%hly vulnerable to change as well as climate-change refugia that ™ =g ALFRESCO.
will remain stable for species over time.

Grey lines are
200 replicate

Climate-mediated changes in fire ignition and spread and forest ; ;
simulations,

growth and succession across BCR%4 are being simulated using a

H

Area Black Spruce Cover (km?)
¥ "

spatially explicit model, ALaska FRame-based EcoSystem COde. :r'lc\:" 'r':::n
We are fitting a generalized linear model (glm) to the BAM data for o - annual values
each of 25 species in BCR4 using topography, landcover, time-since - across all
disturbance, and climate variables as spatial predictors, and are replicates.
then using this model to predict the spatial pattern of breeding
density for both the current and simulated future landscapes.
Boreal Avian h - L )
£%  Modelling Project
)
:;?;ﬁ?::rgfde"mm" Work in progress. Contact Steve Matsuoka smatsuoka@usgs.gov for more information. www.borealbirds.ca
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We expect to complete the analyses for this project in 2018-19. This project is a collaboration with the University
of Alaska Fairbanks Scenarios Network for Alaska and Arctic Planning (SNAP), which is running the simulations
of landscape change across the BCR. [CO-PRODUCED project. Contact: Steve Matsuoka]

% Timing mismatch between the breeding seasons and insect prey of two aerial insectivores

In 2017-18, Tara Stehelin (BAM PhD Student with Fiona Schmiegelow) continued her work examining
relationships between insect abundance and bird breeding seasonality. The last insect samples were sorted
and weighed, and initial models were developed (see box for methodological details and preliminary results).

In 2018-19, models will be finalized and the thesis chapter will be written in manuscript format. [INFORMED
project. Contact: Tara Stehelin]

Mismatch in timing between insect abundance and the

breeding season: In this project, Tara Stehelin (BAM PhD

Student with Fiona Schmiegelow) is looking at the peak

abundance of preferred insects in relation to the peak

energetic demands of olive-sided flycatchers and western mmmminsect abundance index
wood-pewees feeding insects to young. S gl EIPEtiEemands

€10z

710z

We collected insect samples in the vicinity of olive-sided
flycatcher and western wood-pewee territories for five
seasons, identified them to Order, measured lengths, and
weighed dry mass of samples. Each pair's territory was
checked once every 3-5 days for changes in breeding status. m
We generated Generalized Additive Mixed Models to quantify

and describe bird breeding phenology and breeding success

in relation to insect abundance and several enviranmental

variables. Preliminary results indicate that insect M

abundance, temperature, and year explained most of the B o Py -

variation in breeding phenology and breeding success. JDate

Results were similar between the two SpECiES. Figure. Insect abundance (index of hiomass, in red) and breeding
energetic demands of breeding olive-sided flycatchers (blue) across the

breeding season.

S0z

910z
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Land-use Change

National Land-use Impacts

We continued to refine our national-scale work quantifying impacts of anthropogenic land-use
change on boreal songbird density, and we initiated a new hindcasting effort to estimate the total
effect of anthropic disturbances from 2000-2012 on boreal species abundances.

3% Effects of anthropogenic disturbances on boreal birds at national extent

In 2017-18, we updated results and revised our manuscript regarding impacts of human disturbance on
migratory songbird abundances populations at a national extent. We detected a generalized reduction in the
density of many songbirds with associated with disturbances at both local (<100m) and neighborhood (100-
400m) scales. We were also able to distinguish the effects of forest harvest from more alienating disturbances
such as roads and energy infrastructure (see box for details on methods and results). We submitted the

Research & Monitoring BAM 2017-18 Annual Report | 16



manuscript to the “Conservation of Boreal Birds” special issue of Avian Conservation & Ecology (page 29; Suérez-
Esteban et al. in review)). [CORE project. Contact: Alberto Sudrez-Esteban]

Also in 2017-19, we initiated a new hindcasting effort to estimate the total effect of anthropic disturbances on
species abundances within the boreal region of Canada from 2000 to 2012. To support this work, the Suarez-
Esteban statistical model from above was re-implemented in SpaDES, a new environment for ecological
modelling and spatial simulation (see description on page 25). [CORE project. Contact: Tati Micheletti]

Regional Land-use Impacts — Oil Sands Monitoring

We collaborated with ECCC, the Alberta Biodiversity Monitoring Institute (ABMI), and the Bioacoustic
Unit at the University of Alberta to continue our contributions to Oil Sands Monitoring (OSM) by
refining our analysis of land-use impacts in Alberta.

% Predicting population-level effects from local scale models of energy sector impacts

Managers are increasingly concerned about cumulative effects of multiple sectors on boreal birds. We have
been testing various approaches to modelling cumulative effects in an effort to see how well local-scale
monitoring can be used to predict consequences of cumulative effects at landscape scales (see box for more
details on methods and results). A paper highlighting how well local-scale models predict the effects of forestry
and energy sector activities was submitted to the “Conservation of Boreal Birds” special issue of Avian
Conservation & Ecology (page 29; Leston et al. in review). This project benefited from additional funding from
Oil Sands Monitoring. [CO-PRODUCED project. Contact: Lionel Leston]

YRWA b Can we confidently predict abundance or presence of each species in
R o WTSP individual, specific landscapes? We sought to understand how well local-
p P g
Wil . R scale bird abundance models with individual point counts as replicates
WETA L] p p
RS ‘ ** WAV predicted bird abundance within landscapes much larger than point
SWTH L]
SwsP e counts.
REVI e » REVI
SEEE e, RBGR We used densities of 47 boreal songbird species in different Alberta
i e Biodiversity Monitoring Institute (ABMI) vegetation classes generated from
E&Eﬁ o OVEN GLMs models with QPAD (Solymos et al. 2013 - MEE) offsets, and ratios of
, loway e . Prediction relative abundance of these species > or < 100 m from seismic lines,
) I . foresty pipelines, and gas well-pads from Bayne et al. (2016 - Condor). We
o & . ° o forestyolligas redicted boreal bird abundance within ABMI “landscapes” made of 3x3
HETH p p
GRA] L o oisgas arrays of point counts and compared predictions to observed total counts
C%%% . vegetation per landscape.
el T . Figure. Ability of locasl  LOCal scale models were only adequate at predicting landscape
At : . scale models to predict  abundance of 6 of 47 species, and only when potential outliers (top 1% of
BReN . landscape scale predicted abundances) were excluded from analysis, but were adequate
1G5 I Zb';{rl‘dance: measured  for predicting presence of 27 of 47 species. Models with or without additive
ewa R YR effects of energy sector development had similar predictive accuracy and
ARe .- on average overestimated or underestimated species at landscape scales
T R by similar amounts(0-5 birds per 63-ha landscape).

R2 values from different predictions

Boreal Avian
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Work in progress. Contact Lionel Leston leston@ualberta.ca for more information

We conclude that local scale models may not be as effective at predicting
abundance as predicting presence within specific landscapes.
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% Different methods of measuring cumulative forestry and energy sector effects appear similarly
adequate

Three approaches are common used to model environmental impacts: Dose-response; zone of impact; and

before-after control-impact designs. BAM and collaborators have tested how these various approaches

influence quantification of cumulative effects in the Oil Sands Region.

Cumulative forestry and energy sector effects: We used a common
dataset of point counts from 2002-2017 in the Alberta boreal forest 0.3
region to quantify impacts of roadside, well-pad, seismic line, and ’
pipeline effects on abundance of ~33 boreal bird species.

Footprint was measured using 3 different cumulative effects assessment
(CEA{J methods: categorical treatments (control-impact methods), the
amount of footprint within 150 m of points (dose-response methods),
and nearest distance to each footprint type from each point (zone-of-
impact methods).

Results are variable among species (e.g., Figure), but suggest that:

Dose-Response
0.2

0.11

# ALFL Males Predicted

0.0
1) different CEA methods produced similar direction of predicted 0.0 02 04 06 08
effects of a given footprint, although zone-of-impact methods were y o
most likely to detect negative effects; Proportion Within 150 m

2) larger effects were observed for roads and pipelines than wells and
seismiclines;

0.201 Zone of Impact
3) different CEA models were adequate for predicting abundance or at

least presence/ absence for many species at the station level; L Dist}.lrt?anceType
4) different CEA methods produced similar landscape-level predictions 0.101 -E':::gges

of bird abundance;and

i == Seismic Lines
5) landscape-scale abundance was accurately predicted for about half

Ho, \ - Wells

# ALFL Males Predicted

the species.
0.001, x - J
Figure. Number of male alder 1 2 3 4
Boreal Avian flycatchers predicted from
£%  Modelling Project cumulative effects models. Nearest Disturbance (Distance Category)
Project de modélisation  //ork in progress. Contact Lionel Leston leston@ualberta.ca for more information www.borealbirds.ca
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In 2017-18, we continued efforts to compare and synthesize results from the various methods. We generated
models of oil and gas footprint effects on boreal birds using three methods to compare the predicted direction
and magnitude of energy sector impacts on boreal birds (see box for more information on methods and
conclusions).

A manuscript describing this work will be submitted in 2018-19 to either Avian Conservation & Ecology or
Condor. This project benefited from additional funding from Oil Sands Monitoring. [CO-PRODUCED project.
Contact: Lionel Leston]

Impacts of Forest Management

We welcomed 6 new BAM team members as part of an NSERC Strategic Partnership Grant focussed
on supporting conservation of boreal birds through forest management practices. We also explored
potential bird response to forest management plans built around caribou conservation, and
contributed to analyses of over 20 years of experimental harvest data from the Calling Lake
Fragmentation Study.

N

3% NSERC Strategic Partnership Grant for Projects

In2016-17, BAM received a Strategic Partnership Grant for Projects from NSERC (lead: Steve Cumming) focussed
on facilitating bird conservation via sustainable forest management (SFM). By SFM, we mean maintaining
economically viable harvest rates while preventing, minimizing, or mitigating human-induced population
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declines of avian species and supporting natural forest biodiversity in the long-term. This highly collaborative
grant has co-leads from three institutions and partner representatives from CWS and S&T.

At present, projects are expected to cover the following objectives:

Test potential hypotheses explaining spatial variation in habitat selection and associations across
Canada (Andy Crosby, University of Alberta, page 11);

Build national models that relate bird abundance to adequate descriptors of bird habitat, such as
number, size, density, and structure of forest patches within a landscape and project bird response to
forest management scenarios (Andy Crosby + graduate student projects);

Build models quantifying bird response to within-block treatments (Brendan Casey, University of
Alberta);

Evaluate use of LiDAR to describe understory structure (Brendan Casey; page 26);

Quantify the historical range of variation in natural disturbance regimes and forecast long-term
differences within managed landscapes (Ana Raymundo, Université Laval);

Integrate avian population constraints and/or critical habitat objectives into strategic-level forest
management plans in Québec (Isolde Lane Shaw, Université Laval);

Develop management-sensitive models for waterfowl. These models will be embedded in a spatial
simulation framework to enable forecasting and to evaluate proposed Best Management Practices
(Antoine Adde, Université Laval);

To aid the above projects, a post-doctoral fellow will assist in implementing spatial harvest simulators
in SpaDES (Spatial Discrete Event Simulator, see page 25 for more details), and provide support for
embedding avian abundance models for scenario analysis (Tati Micheletti, UBC/Pacific Forestry
Centre).

3 Predicting boreal bird population response to different forest harvest scenarios, including caribou
conservation

In 2017-18, we continued our efforts to estimate impacts on boreal bird populations resulting from various

management options in the Al-Pac forest management unit. We have begun applying avian habitat models to

the landscapes forecasted under timber supply scenarios to anticipate bird response to the scenarios (see box

for more details on methods and initial results).

In 2018-19, we will complete analyses and summarize them in presentations and manuscripts for a scientific
journal. This work benefited from additional support from Al-Pac and an Accelerate grant from Mitacs.
[INFORMED project. Contact: Lionel Leston]
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Year 0 Business as Usual Spatial harvest scheduling software and timber supply scenarios can he
i‘l I ' used to balance harvest needs of forestry companies with social and

environmental values (e.g. protection of woodland caribou habitat).

Year 50| Patchworks uses simulated annealing to minimize the total losses in
economic, ecological, and social values associated with timber and
N pulpwood extraction, resulting in spatial harvest scenarios that balance a

s set of criteria.

We forecasted impacts on birds from three 50-year timber supply
scenarios from Alberta-Pacific Forest Industries:

@
= 1. Caribou conservation (CC): ~ 20 year deferral of logging within
Caribou Conservation -3 — woodland caribou habitat, with harvest pressure transferred to other
S 7000 forest stand types.
' 5 2 H 2. Business-as-usual (BAU): spatial harvest scenario without additional
‘ear 50 5 5000 I e caribou habitat protection.
10 - HRV
_g 3. Historical range of variation (HRV): all human footprint is absent and
9 forest age-structure is determined entirely by simulated forest fire
w 2 disturbances.
S 5000
- = 0 10 20 3040 50 p5pitat models can be used to predict species abundance in Years 0, 10,
Year 20, and 50 based on available forest age-structure output under each
Figure. Change over time under the three scenarios (map for scenario.
historical range of variation not shown) We are just beginningto analyze results for 7 bird species.
Boreal Avian
£%  Modelling Project
v
:;?;ﬁ?f:m'.:fd‘*]'sa"m Work in progress. Contact Lionel Leston leston@ualberta.ca for more information www.borealbirds.ca u

% Avian response to forest structure and management using over 20 years of experimental harvest data
Long-term effects of changes in extent, structure, and configuration of Alberta’s boreal forest resulting from
forestry and development are unknown because most studies are short-term and observational. In
collaboration with Alberta-Pacific Forest Industries (Al-Pac), BAM post-doctoral fellow Lionel Leston is using 24
years of experimental forestry data from the Calling Lake Fragmentation Project (~400 km? Schmiegelow et al.
1997) to quantify effects of forestry and forest regeneration on boreal birds.

BAWW BCCH CAWA CHsSP Temporal pattern in species occupancy in experimentally
o o (’ b ﬂ“ e harvested forests: We used more than 20 years of data from the
> o050l AN / = o5 S o080 Calling Lake Forest Fragmentation Study to assesses how long-
025 025 / W oz _] 025 term abundance of boreal birds is affected by temporary events
QOSSO0 0O 00—t such  as  logging, insect availability, and variation in the
Year Year Year Year surrounding landscape.
CORA DEJU o5 GRAJ NOFL We explored potential impacts of weather events on abundance of
o 1o 075 several boreal bird species within control sites and forest
ﬁ el N o4 W % fragments.
> 050 E > = 050
b 025 Sl 0z Vector autoregression and panel regression methods enable us to
0 5101520 0 5101620 0 5101520 05101520 3gsess both immediate and lagged effects of a predictor variable,
Year Year Year Year  eijther for 1time-varying covariate (vector autogression models) or
st o REVI 10RBGR o SWTH _ multiple time-varying and/or time-invariate covariates for each
075 075 o8 o0rs site or station (panel regression). Spatial panel regression models
> o050] > o0s0f > o6 > o504 account for additional spatial autocorrelation among sampling
025 025 04 025 units, enabling us to use point count stations as replicates rather
e YT " innn "“rsnnm  thanlimitourselvesto the larger sites as replicates.
Year Year Year Year  we found that increased occupanc¥ of some species in
oo TEWA A regenerating cutblocks (blue & red lines) was preceded b
075 verage yearly occupancy increased occupancy in nearby unharvested forests (black lines),
> gs0 mmm Control sites but that the opposite relationship was not observed, suggesting
025 m Logged in 1994 possible spillover of individuals from unharvested forests.
L e L0gged in 1984
05 101520 Our results so far suggest that estimated effects of forest
Year Figure. Variation in annual occupancy over fragmentation and recovery on boreal bird numbers will be
time. Swainson’s thrush (SWTH shows an confounded with time-varyingfactors in surrounding habitats.
Boreal Avian example of possible spillover from

‘fi Modelling Project  ynharvested stands).

Project de modélisation )/, p in progress. Contact Lionel Leston leston@ualberta.ca for more information www.borealbirds.ca
aviaire boréal -
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This project, initiated in 2016, was intended to assess the state of recovery of boreal bird communities within
harvested areas at Calling Lake that were logged in either 1984 or 1994. A manuscript was published in 2017-
18 addressing occupancy related to year since harvest (Leston et al. 2018). Work on temporal variation related
to surrounding episodic events was also initiated (see box for more details); this work will continue in 2018-19.

This long-term study has been supported by many organizations and over 100 field assistants during its 25-year
history. The analyses presented above benefited from additional support from Al-Pac and an Accelerate grant
from Mitacs. [INFORMED project. Contact: Lionel Leston]

Conservation Planning

Informing Conservation Prioritization

We explored methods to identify priority areas for boreal birds in Canada, identified priority areas for
conservation of Canada warbler in BCR14, and created density models for four species at risk to
support the planning process by the Moose Cree First Nation. Our work was also included in a release
of products to support conservation in the northwestern boreal region.

N

3¢ Strategies for identifying priority areas for passerine conservation in Canada'’s boreal forest

We continued our exploration of conservation prioritization scenarios to understand how assumptions and a
prioridecisions will affect the areas identified as priorities. In 2017-18, we converted a report into a manuscript
that was submitted to the “Conservation of Boreal Birds” special issue of Avian Conservation & Ecology (page
29; Stralberg et al. under revision). This involved reformulating research questions and adding post-hoc analysis
and comparisons of scenario performance (see box for overview of methods and results).

1

A framework to assist managers in selecting among conservation scenarios: Canadian Wildlife Service's “Zones of Interest”
project aims to identify priority areas for boreal landbird species,which representa conservationplanning gap in Canada.

(a) boreal-wide, diversity-focused (b) boreal-wide, representation-focused

:1} : 'E
v@% @;

(<) BCR-stratified, diversity-focused

BAM contributed to this project, identifing priority conservation
areas for boreal landbirds, and developing a framework to assist
managers in selecting among conservation scenarios based on
conservation objectives.

We applied the Zonation conservation planning tool to species
distribution model and other inputs to evaluate 128 alternative
conservation scenarios.

We found large differences between solutions depending on
constraints and conservation objectives, and relatively low
conservation efficiency when considering the top-ranked 50%.
However, we did find increasing consistency among solutions as
multiple constraints were considered, and higher efficiency when
considering just the most highly-ranked areas. In particular,
stratifying solutions geographically resulted in more consistent
Figure. Mean rankings based on groups of scenarios: boreal-wide, priorities, although at the expense of efficiency. Other
diversity-focused (a) and representation-focused (b), and BCR subregion- constraints, including climate change, disturbance- and
stratified diversity-focused (c) and representation-focused (d). Highest uncertainty—discounting, and the selection and Weighting of

Zonation ranks are in dark blue; lowest ranks are in yellow. Highest . helped to further f P
variationin Zonationranksis in red; lowest variationisin blue. species, nelpe to further OCUSpI’IOI’ItIeS.

Boreal Avian This work provides a roadmap for decision-making with respect
ﬁ Modelling Project to conservation of habitat for boreal birds in Canada.

Project de modélisation

aviaire boréal Work in progress. Contact: Diana Stralberg stralber@ualberta.ca for more information www.borealbirds.ca
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We presented this work as an example for other similar efforts in other regions, and expect similar projects to
emerge elsewhere (e.g., Canadian prairies).

In 2018-19, we anticipate this work being published, setting the stage for additional analyses involving multi-
taxa considerations (e.g., caribou). [CO-PRODUCED project. Contact: Diana Stralberg].

% ldentifying priority areas
BAM team members contributed to several efforts to identify priority areas for conservation:

e Identifying priority areas for different types of conservation action for Canada warbler in BCR 14
(Westwood et al. in review; see also page 28).

e Modelling species at risk to support the Moose Cree First Nation’s Homelands Protection planning
process (see page 32).

e Identifying ecological benchmarks in the Northwest Boreal Landscape Conservation Cooperative
(page 32).

Methods & Tools

Acoustic Tools and Data
We informed the continued exploration into using acoustic signals to model common nighthawk
habitat.

% Acoustic behaviour of common nighthawks can yield habitat models

Elly Knight (PhD student with the University of Alberta-Bioacoustic Unit and Program Manager for the
WildResearch Nightjar Survey), is investigating the use of bioacoustics for understanding habitat associations
of acoustic species. She is developing new tools including increased automation of species identification,
individual identification, behavioural prediction, and distance estimation (see box for more information).

During 2017-18, Elly developed methods to automate the process of scanning audio files for common
nighthawk detections (Knight et al. 2017) and built preliminary habitat models (see box for more details on
methods and results; (Knight and Bayne 2017).

In 2018-19, she will build models that predict habitat function from acoustic recordings so that she can test
hypotheses about common nighthawk habitat use at large spatial scales. She will also return to the McClelland
Lake area this July 2018 to further test miniature GPS-microphones on common nighthawks.

Elly’s work will contribute to the development of novel bioacoustic tools for studying avian species and towards
understanding the habitat requirements of the common nighthawk, as part of efforts to inform critical habitat
identification (page 27). The techniques developed in her thesis will inform BAM's ability to incorporate new
types of data [[INFORMED project. Contact: Elly Knight].
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Common nighthawk acoustic behaviour can be used to predit  pgent calls - home range selection
habitat function: Conservation management is impeded by the lack Northing (18.48) Mean Jan temperature (17.62) Pine forest - 3 km (5.66)

of baseline data for many non-passerine, cryptic, or nocturnal -
species that are inadequately sampled by traditional monitoring
programs.

0
10
10

We extracted detections of the common nighthawk (Chordeiles
minor) from a large bioacoustic database using automated signal :
recognition software. Using boosted regression tree models, we built ~ ——————— "'
regional home range use and territory selection models. Home R

range selection was primarily explained by landscape scale
geographic and climate variables and some avoidance of wetland
areas. Territory selection was also strongly influenced by landscape
scale climate variables, proportion of seismic lines, and areas with 7 1 1

minimal poor fen. - - -

Results produced from this = = =

study provide wildlife managers :
with more knowledge on the
common nighthawk, and
emphasize the importance of
landscape scale conservation for
highly-mobile species with large
home ranges.

Boreal Avian
£%  Modelling Project

' ) o Wiy bioacoustic unit .
Project de modeélisation Knight & Bayne. 2017. https://tinyurl.com/ABMI-coniBRT www.borealbirds.ca
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Figure. Marginal effect of top three variables for models built based on
peent calls (top) and wing booms (bottom), corresponding to home
range and territory selection, respectively.

Species Detectability

We published a manuscript about influences of phylogenetic relationships and species traits on
species detectability. We also submitted a manuscript with sample size dependent recommendations
for time-removal models.

3 Phylogeny and species traits predict bird detectability

In 2017-18, we published a paper in Ecography describing the relationship between phylogeny, species traits,
and field - based estimates of the two processes that determine species detectability (singing rate = availability;
detection distance = perceptability) for 141 bird species breeding in boreal North America (see box on next
page for results; Solymos et al. 2018b). [CORE project. Contact: Péter S6lymos]

3% Recommendations for time-removal models

In 2017-18, we finished some work initially started in 2012-13 that examined how various factors can influence
bias when applying time-removal models to correct for species’ detectability (see box on next page for more
details on methods and results). We finalized analyses and the associated manuscript, submitting to Condor in
February 2018 (Sélymos et al. under revision). [CORE project. Contact: Péter S6lymos]
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Disentangling how complex ecological and evolutionary mechanisms
have shaped detectability in boreal birds: Avian acoustic 00
communication has resulted from evolutionary pressures and
ecological constraints. We therefore expect that auditory detectability

O Habitat: Closed
© Habitat: Open
Body Mass (g)

6.8 , o

in birds might be predictable by species traits and phylogenetic ®

relatedness. 1 ok

We evaluated the relationship between phylogeny, species traits, and %07 (e f R
field-based estimates of the two processes that determine species w wi

detectability (singing rate and detection distance) for 141 bird species
breeding in boreal North America.

We used phylogenetic mixed models and cross-validation to compare
the relative merits of using trait data only, phylogeny only, or the
combination of both to predict detectability.

?g ﬁﬁ e
o

We found a strong phylogenetic signal in both singing rates and
detection distances; however the strength of phylogenetic effects was
less than expected under Brownian motion evolution. The evolution of
behavioural traits that determine singing rates was more labile,
leaving more room for species to evolve independently, whereas
detection distance was mostly determined by anatomy (i.e. body size)

and thus the laws of physics. 0

Model-Predicted Detection Distance

Mgs — DD

T T 1
Such information can greatly inform single- and multi-species models 0 50 100 150 200

but more work is required to better understand how to best correct

possible biases in phylogenetic diversity and other community

metrics. Figure. Leave-one-out cross validation estimates (y-axis) vs.
empirically based estimates (x-axis) of detection distance. Each
circle represents a species.

Distance Sampling Detection Distance
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Improving time-removal models to estimate species detectability: Nearly all
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Landscape Simulation

We initiated a concerted effort to integrate BAM avian abundance modelling into a spatial simulation
framework to facilitate ecological forecasting of avian responses to climate and land-use change. This
framework can help can assess potential effectiveness of conservation strategies, and will support our
work to support conservation of boreal birds via sustainable forest management (page 18).

% Birds in SpaDES

SpaDES (Spatial Discrete Event Simulator) is a new suite of R packages for integrating ecological modeling and
spatial simulation, developed over the past four years by Eliot McIntire (Pacific Forestry Centre) with significant
support from both Natural Resources Canada (NRCan) and the Healthy Landscapes Program of fRI Research (see
box for more details on the history and nature of SpaDES). SpaDES will be the primary engine for implementing
the work of the BAM-related NSERC Strategic Partnership Grant (page 18), and more generally for linking BAM
models of avian abundance to simulations of management actions (e.g. page 16). Post-doctoral fellow Tati
Micheletti has begin integrating several of BAM'savian abundance models (e.g., page 16) with forest
management and wildfire models developed by Cumming, and vegetation dynamics models implemented by
McIntire and colleagues. A companion project funded by ECCC is implementing spatial versions of the caribou
population models described in the Recovery Strategy for Woodland Caribou, boreal population (Environment
Canada 2012). [CO-PRODUCED project. Contact: Tati Micheletti]

What is Spatial Discrete Event Simulation (SpaDES) and how can we use it to advance avian conservation? SpaDES is a new
environment for integrating statistical data analysis, geospatial data manipulation, and spatial simulation modelling. SpaDES is
implemented as a suite of R packages, and accordingly inherits all the continuing development in statistical sciences and GIS
technology that R incorporates, as well as very powerful parallel computing support that enables applications at scale. An example
SpaDES application, with user interface, can be seen on https://spades.shinyapps.io/ForestChange_ProofOfConcept/.

Linking landscape dynamics to avian habitat models is nothing new; BAM members pioneered these techniques in Canada 20 years
ago, and many others groups have done so since. Unfortunately, most previously existing models of this kind suffer from the same
limitations: they depend on proprietary or custom software; they were designed to support research on a single component of
ecosystem dynamics (e.g. disturbance regimes, vegetation dynamics); adding new processes, such as projecting avian Species
Distribution Models (SDMs), requires specialized programming skills; and there is no connection to the raw data and statistical
modelling used to generate the SDMs, so updating is difficult and rarely accomplished in practice. The SpaDES design has proved to
solve all these problems. Because of intrinsic modularity, new ecological modules can be written by anyone who knows a little R. As
part of module initialization, simulation parameters can be estimated directly from data, using the full power of R’s statistical
packages, so updating is automatic. There are also powerful graphical facilities and support for the execution of simulation

experiments.
P SpaDES - Proof of concept model - THESE DO NOT CONTAIN REAL DATA

Our companion NSERC StratEglc Grant for Partnershlps PI'O]ECT Integrated vegetation succession, aging, fire, and caribou modules

will be developing some integrated models of avian species
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harvesting over the 2019 project year. These initial efforts will 700000 LT
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Developing and refining other methods
We also contributed to methodological work related to using or classifying biophysical data and
reporting cumulative effects.

e We simplified land cover types into broader classes, based on data-driven patterns in bird response
(see box for a description of the work) [CORE project. Contact: Péter S6lymos];
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e Weinitiated efforts to use LiDAR derived vegetation metrics to build occupancy models for canopy,
understory, and shrub layer songbirds around Calling Lake, with a focus on LiDAR'’s capacity to
quantify understory and shrub layer structure [CO-PRODUCED project. Contact: Brendan Casey];

e We collaborated with ABMI to develop a tool and web application that supports various government
and industry needs related to quantifying industry sector effects on biodiversity ((S6lymos et al. 2018a;
see box for an overview). This project benefitted from additional funding from Qil Sands Monitoring.
[CO-PRODUCED project. Contact: Péter S6lymos]

Decision support tool for evaluating industrial sector
effects:

Quantification of the expected effect of an industrial

sector on habitat supply for a species within a region is

relatively complex because it must take into account the Lustom Reporting

spatial aspects of the species’ distribution, and location

of sector specificfootprints and native land cover.
Government and industry partner interest resulted in [aEAEIERRIIIEES Single-species results

Richness, intactness, and sector effects for user-defined Distribution, intactness, and sector effects in user-

development of a computational tool and web [iidEi defined region
application. It consists of a standardized file database, a )
software package (R extension package ‘cure4insect’ = | Explore species
custom reporting for intactness and sector effects), and
a web interface.

.. . . . . Useful info Methods and all
https:,’ /abbiodive I’Slty.glth ub.io/cure4insect/ About the data, models, and spatial units used for the Get familiar with the metrics, visualizations, and

report limitations
The R package is a decision support tool that provides - ,
an interface to enable custom reporting for intactness | Readithe docs |
and sector effects based on estimates and predictions

created by the Alberta Biodiversity Monitoring Institute T T NGRSO D
{ABMI) in collaboration with the Boreal Avian Modelling CE s
BAM) Project.

The tool is now in beta testing in Alberta for indicator Web app: http://sc-dev.abmi.ca/ocpu/apps/ABbiodiversity/curedinsect/www/
development under the Biodiversity Management Package: https://github.com/ABbiodiversity/curedinsect

Framework, and in predicting future habitat supply

under alternative forest management scenarios.

Boreal Avian
£%  Modelling Project
or ABMI
Project de MOENSAtON .,y s Contact Péter Sélymos solymos@ualberta.ca for more information www.borealbirds.ca
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BAM facilitates the application of our work by collaborating with external groups. BAM’s
research and data products are improved by drawing on the expertise of others working
on boreal birds, whether in academia, government, industry, NGOs, Indigenous
Peoples, or other groups. Our results can inform not just management actions but also
research questions, which may seek to test assumptions or uncertainties in BAM
models.

We strive to support applications of our work to conservation and management of
boreal birds, and we welcome collaborations with projects that align with our mandate
for conservation of boreal birds.

Here we describe our efforts from April 2017 - March 2018 that target specific
conservation and management needs.

We contributed to species at risk conservation by advancing science to inform identification of critical
habitat, by identifying priority areas for Canada warbler conservation in BCR14, and by building
regional models for species at risk in the Moose Cree First Nation Homelands (described elsewhere,
page 32).

% Informing critical habitat identification to aid species at risk

Defining critical habitat is required to inform recovery actions for species at risk. ECCC’s recently developed
Recovery Strategies for Canada warbler (Environment Canada 2016a), olive-sided flycatcher (Environment
Canada 2016b), and common nighthawk (Environment Canada 2016c) did not identify critical habitat. Instead,
they identified a Schedule of Studies required to inform critical habitat identification. BAM has been involved
in this process since 2013-2014, contributing models, expertise, and data to ECCC, including a dedicated post-
doctoral fellow, Francisco Dénes, to lead BAM's scientific efforts.

In 2017-18, BAM was represented at several ECCC meetings by Francisco Dénes, Samuel Haché, and Junior
Tremblay, including a 2-day in-person meeting in Ottawa on February 14-15, 2018. Major research tasks for this
past year included development of a framework to guide identification of critical habitat for these three species
(page 12), and resolution of how to delineate management units (page 12).

In 2018-19, we will build regional-scale density models within each management unit, and continue
progressing through the steps of the conceptual model (page 12).

This project relies on an ongoing collaboration with ECCC. [Contact: Francisco Dénes]



3% Regional spatial models to support both land conservation and forest management planning for the
threatened Canada warbler

Two important steps for Canada warbler conservation and management are: identifying what habitat is

important for the species; and how to appropriately manage it. In 2017-18, we contributed to habitat guidelines

for the management of Canada warblers in the Canadian portion of BCR 14 (the Atlantic Northern Forest) and

accompanying spatial products suggesting appropriate areas for their application (see box for more

information).

Habitat management guidelines for Canada warbler:

In this highly collaborative project, we developed
habitat management guidelines for the Canada warbler
in the Atlantic Northern Forest of Canada.

Guidelines for Managing Canada Warbler Habitat in the
These guidelines are designed to help managers Atlantic Northern Forest of Canada
engage in forestry activities so as to minimize their
impact on Canada warbler habitat, and ensure a future
supply of habitat is available. The full report and the 2-
page field guide summary are available in both English
and  French:  htt