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ABSTRACT

Recovery strategies for species at risk are legally mandated in Canada and the
Government of Canada must identify which habitat is important for a species and which
activities result in its destruction. The Canada Warbler (Cardellina canadensis) has been
designated as a threatened species in Canada due to large population declines (~3% annually
over the last 50 years). Forestry has been identified as a threat, but some studies suggest it can
create productive breeding habitat. I quantified multiple orders of habitat use to study the
response of the Canada Warbler to forestry, accounted for the effect of conspecific attraction
which may affect habitat use patterns, and assessed how use patterns influenced reproductive

activity.

Specifically, my first objective was to quantify the relative importance of forestry-related
stand metrics versus conspecific proximity on multiple levels of habitat use of Canada Warblers.
[ used point count surveys and tracked individuals to determine density, 2" and 3" order habitat
use, and probability of pairing and fledging young for male Canada Warblers in Alberta, Canada.
I found fewer territorial males in survey blocks with more harvesting, effects which were not
mitigated by retention of unharvested fragments, stand regeneration <30 years post-harvest, or
abundance of old-growth stands in the surrounding matrix. Male home ranges (2" order use) in
post-harvest were typically near edges of adjacent unharvested stands and near conspecifics.
Males also had higher intensity of use in areas within their home ranges (3" order use) that were
further from edges and nearer to conspecifics. This suggests that forest harvesting poses a threat
to Canada Warblers in Alberta, and that post-harvest stand use reported in other studies may be
influenced more by conspecific attraction than by attributes of post-harvest stands themselves.

Hence, large tracts of unharvested stands should be protected in Alberta, with higher

1



prioritization in areas where territories are already established to support the Canada Warbler’s
clustered distribution, and only post-harvest stands near conspecifics and near unharvested stands

should be considered usable.

My second objective was to test whether males using post-harvest stands suffered
consequences to pairing success and/or probability of fledging young and whether density
reflected these metrics of reproductive success. I found that use of post-harvest stands did not
affect probability of pairing or fledging young, but that pairing success was lower when male

densities were high.

My final objective was to discuss potential reasons for discrepancies between conclusions
about the effects of forestry on Canada Warblers across their breeding range, and provide
specific recommendations to aid designation of critical habitat for this species. These include
using information from breeding-range-wide point counts to determine important parts of the
range to protect (i.e. areas with large breeding populations) and population recovery targets, in
conjunction with studies specific to each Bird Conservation Region within the breeding range
that address habitat quality, land-use effects, and clustered habitat use. At a minimum,
incorporating proximity to undisturbed habitat and to conspecifics in regional models could

provide valuable information when prioritizing areas for conservation.
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CHAPTER 1: INTRODUCTION

Declines in population size of many bird species in North America are leading to a
growing number of studies working to identify their habitat needs, threats, and strategies for
recovery required by governmental agencies (e.g. Species at Risk Act [hereafter: “SARA™],
Government of Canada 2011; Endangered Species Act, Fish and Wildlife Service 1973).
However, the “best available data” for these assessments are rarely consistent in methodology
(e.g. type of habitat association metric employed, spatial and temporal scale), inclusion of non-
vegetation attributes (e.g. social cues, predators), demographic data, and ecological context (e.g.
geographic area). Thus, managers have to work with a wide variety of contradictory and
incomplete information when making decisions about species at risk and how they should be
protected. Many authors have suggested that studies at multiple spatial scales are necessary to
understand the context of an animal’s association with an area or habitat type (Hutto 1985,
Boyce 2006, Meyer and Thuiller 2006), demographic data is necessary to define habitat quality
(Van Horne 1983, Johnson 2007), and assessing how non-vegetation attributes affect use patterns
is essential to understand which areas will be used by a species versus which areas are suitable

for use (Campomizzi et al. 2008).

1.1 Legislation to protect species at risk

Preserving rare or at-risk species is an objective of sustainable forest management in
Canada (Natural Resources Canada 2016). Furthermore, SARA legally requires recovery plans
for threatened species to be released within two years of listing (Government of Canada 2011),
which should identify critical habitat i.e. “the habitat necessary for the survival or recovery of a
listed endangered, threatened or extirpated species in Schedule 1 of SARA”, and the activities

which threaten that habitat. This process of habitat and threat identification can be extremely



difficult when adequate information on habitat associations is unavailable, or contradictory. As
a result, a large proportion of species (>50%) with finalized recovery strategies do not have
critical habitat defined, and many other listed species still do not have recovery strategies

released (Mooers et al. 2010, McCune et al. 2013).

1.2 Threats and conservation issues of boreal songbirds

Canada’s boreal forest is one of the largest and least-disturbed forests remaining on earth
(Andrew et al. 2012). It is comprised of a mosaic of wetlands (e.g. bogs and fens) and forested
areas (coniferous and deciduous) of different ages and composition which were historically
regulated mainly by natural processes (e.g. forest fires and insect outbreaks; Rowe and Scotter
1973). The natural disturbance regimes of the boreal forest make for a patchy landscape that
supports a wide diversity of species including over 300 breeding bird species, 35 of which have
over 80% of their breeding population exclusively in the boreal forest (Wells et al. 2011). Since
the turn of the century, there have been extensive anthropogenic changes to the boreal system
that pose high risk threats to bird species such as expansion of: “agriculture, linear features,
biological resource use, human intrusions and disturbance, natural system modifications,
invasive and other problematic species, and pollution” (Environment Canada 2013, Langor et al.

2014, Bayne et al. 2016, Loss 2016, Mahon et al. 2016).

Whereas permanent conversion of forested to non-forested areas results in definitive
habitat loss, non-permanent disturbances such as forestry involve relatively short-term habitat
loss and alteration of stand structure. Following a disturbance, forests regenerate through a
successional process, transforming from early seral stages dominated by shrubs with little
vertical structure to in late seral stages with complex vertical diversity and high densities of

large, old trees (Huettmann 2003). Forestry companies are attempting to mimic effects of natural

2



disturbances on forest ecosystems (Huettmann 2003), which should result in structural
heterogeneity that provides suitable habitat for a wide range of species with differing
habitat/seral requirements. Reviews of forestry effects on birds showed positive, neutral, and
negative effects on abundance and species richness, and responses depended on forest type,
harvest method, and species life-history (Wedeles and Donnelly 2004, LaManna and Martin
2016). Generally, as a result of forestry practices, the boreal forest is becoming more
homogeneous (i.e. lower proportion of mixed-wood stands and coniferous stands; Hobson and
Bayne 2000a, Venier et al. 2014) , stand structure is becoming less complex (Venier et al. 2014),
and old-growth stands are becoming less common (Huettmann 2003, Venier et al. 2014), which
could pose issues to species that rely on old-growth, mixed-wood, or structurally complex

conditions.

Certain species have life history traits and habitat needs that make them particularly
vulnerable to forestry-related change (Schieck et al. 1995, Bayard and Elphick 2010, Lee and
Jetz 2011). Habitat specialists, particularly those that require vegetation structure associated with
old-growth forests, are limited in their ability to respond to rapid changes in vegetation via
disturbance (Schieck et al. 1995, Huettmann 2003, LaManna and Martin 2016). Dispersal
movements of individuals following forest disturbance can result in crowding into remaining
undisturbed areas (Schmiegelow et al. 1997, Harrison et al. 2005). Likewise, area-sensitive
species will only occupy or reach high abundance in large habitat fragments (reviewed by
Bayard and Elphick 2010), and will be more affected than area-insensitive species by
fragmentation of suitable habitat. For forest species that rely on old-growth stands, the benefits
and drawbacks of single large or several small (SLOSS) fragments of undisturbed forest have

been highly discussed in the literature (Simberloff and Abele 1982, Bayard and Elphick 2010,



Smith et al. 2011), but habitat loss is generally considered more important than habitat alteration
or fragmentation in boreal ecosystems (Schmiegelow and Monkkonen 2002, Smith et al. 2011,
Fahrig 2013). Neotropical migrants also may be particularly susceptible to habitat alteration from
forest management on the breeding grounds (Hutto 1985, Lee and Jetz 2011). Because of the
short time long-distance migrants spend in the boreal breeding grounds, these species may have
less time than resident and short-distance migrants to find breeding locations after disturbances
resulting in habitat loss and fragmentation (Schmiegelow et al. 1997, Ahlering et al. 2010).
Furthermore, migratory species must deal with threats on both the breeding and wintering
grounds, and along their migratory routes which can affect timing of breeding events, survival
and productivity on the breeding grounds (Saino et al. 2004, Gonzélez-Prieto and Hobson 2013,

Drake et al. 2014), and act cumulatively with effects on the breeding grounds.

1.3 Knowledge gaps about effects of forestry on birds

Ecological processes that affect habitat use occur at different spatial scales (Addicott et
al. 1987, Boyce 2006, Holland and Yang 2016), so studies that measure processes at different
spatial scales or orders of habitat use may arrive at different conclusions about habitat
associations and threats. Patterns of habitat use can also vary across a species’ geographic range,
particularly for species with large breeding ranges, as the available vegetation types and the
extent and type of disturbance can vary regionally (Welsh and Fillman 1980, LaManna and
Martin 2016). Furthermore, habitat-specific density estimates have often been used as a proxy
for habitat quality (Johnson 2007), and although there is strong evidence supporting this claim
(Bock and Jones 2004), there are instances of non-ideal habitat use where probability of fledging
young is lower in habitat types supporting higher densities (Van Horne 1983, Pért et al. 2007).

Hence, densities in harvested areas may not be a good proxy for breeding success. Lastly, habitat



structure is not the only factor affecting species’ use patterns, and inclusion of factors such as
prey availability, predator abundance, conspecific attraction, interspecific competition can all
improve our understanding of habitat associations and threats (Hutto 1985, Jones 2001,

Rodriguez et al. 2001, Ahlering et al. 2010).

1.4 Study species and research objectives

The Canada Warbler (Cardellina canadensis) is a small neotropical migratory bird which
breeds primarily in Canada’s boreal forest (>75% of breeding population; Partners in Flight
2013). Population declines of ~3% annually over the last ~50 years have resulted in this species
being listed as threatened in Canada, and a recovery strategy was recently released (Environment
Canada 2016a). This strategy is based on the best available information, but includes
contradictory information about habitat requirements and threats across the breeding range,
which make the identification of critical habitat and threats difficult. It also acknowledges the
paucity of demographic data across most of the breeding range (but see Hallworth et al. 2008a,
Goodnow and Reitsma 2011a, Becker et al. 2012) and uncertainty about how these processes
relate to density, making it difficult to assess habitat quality. The Canada Warbler has a large
extent of occurrence, but is patchily distributed across its breeding range in diverse landscapes
across the boreal region of Canada, through the northeastern U.S. and south along the
Appalachians (Reitsma et al. 2010). Canada Warblers are associated with forested areas with
shrubby understories, but their associations with certain forest types and ages and the effects of
forestry activities are less clear (reviewed by Reitsma et al. 2010, Environment Canada 2016a).
They have been reported to use old-growth aspen in the western boreal (Schieck et al. 1995,
Schieck and Song 2006, Ball et al. 2016), younger mixed-wood stands in eastern Canada

(Drapeau et al. 2000, Lambert and Faccio 2005), swamps and second-growth forests in the



eastern U.S. (Hallworth et al. 2008b), and rhododendron thickets in the southern U.S. (Becker et
al. 2012). While forest harvesting seems to have a negative effect on abundance of Canada
Warblers in the western breeding range (Schieck and Hobson 2000, Schieck and Song 2006, Ball
et al. 2016), neutral or positive effects have been reported in the eastern breeding range (King

and DeGraaf 2000, Hallworth et al. 2008b, Becker et al. 2012).

Canada Warblers have a short breeding season relative to other migratory songbirds
(Flockhart 2010). Within days of arriving on the breeding grounds, they pair with a mate if they
did not arrive together, and begin nesting within a few days (Reitsma et al. 2010), leaving limited
time for individuals to assess habitat quality and search for mates. This aspect of the species’
breeding phenology and its clustered distribution (Reitsma et al. 2010) suggests that Canada
Warblers are likely to exhibit conspecific attraction, a behavioral phenomenon where animals
settle in areas near conspecifics. Birds arriving on the breeding grounds earlier are likely older
and more experienced individuals (Flockhart 2007), and are expected to secure high-quality
habitat (Nocera et al. 2009, McKellar et al. 2014). Later arriving birds or inexperienced birds
might benefit from using presence of conspecifics as a habitat selection cue (Stamps 1988,

Beauchamp et al. 1997, Nocera et al. 2009).

Few studies have documented breeding success of Canada Warbler (but see Hallworth et
al. 2008a, Goodnow and Reitsma 2011a, Becker et al. 2012). Nests are well concealed on the
ground near logs or hummocks and females are not prone to flush from the nest easily, which
makes nests difficult to find without behavioral observations (Reitsma et al. 2010). Hence, most
studies on this species have employed coarse measure of breeding success using evidence of
pairing or provisioning of young (=1 fledging) from behavioural observations (Flockhart et al.
2016, Hallworth et al. 2008a, Reitsma et al. 2008a). There is no current evidence that forest
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harvest affects breeding success of Canada Warblers (see Hallworth et al. 2008a, Becker et al.
2012), but some research suggests that density is not necessarily a good proxy for breeding

success for this species (Flockhart et al. 2016).

1.5 THESIS OUTLINE

The main objectives of this thesis were to: 1) assess the relative importance of effects of
forestry and conspecific attraction on Canada Warbler habitat use and reproductive activity in
northern Alberta (Chapter 2); and 2) discuss potential reasons for discrepancies between
conclusions about the effects of forestry on Canada Warblers across their breeding range, and
provide specific recommendations to aid designation of critical habitat for this species (Chapter

3).

In Chapter 2, I demonstrated how multiple spatial scales of habitat use and behavioural
phenomena can be used to understand responses to forestry, and assessed whether density and
use patterns affect individual reproductive activity. Specifically, I assessed how forestry-related
stand metrics and conspecific cues affect 2" order use (location of home ranges), 3 order use
(intensity of use within the home range), and density within ~17 ha survey blocks. Then, I
tested for effects of forestry-related vegetation cues and density-dependent processes on pairing
and probability of fledging young. In chapter 3, I compared and contrasted results and
recommendations from this thesis with those from regional and local studies across the
breeding range (reviewed by Reitsma et al. 2010, Environment Canada 2016a) and a breeding-
range-wide study (Hache et al. 2014) to assess the data requirements to understand habitat

needs and threats for this species-at-risk.



CHAPTER 2: INFLUENCE OF FORESTRY AND CONSPECIFICS ON
CANADA WARBLER (CARDELLINA CANADENSIS) HABITAT USE AND
REPRODUCTIVE ACTIVITY

2.0 SUMMARY

Recovery planning for species-at-risk requires identifying important habitat, the threats to
that habitat, and the effects of habitat use on fitness. Scale-dependent differences in habitat use
and behavioural phenomena such as conspecific attraction can lead to habitat use patterns that
can be difficult to explain by vegetation structure or composition alone. Differences in the order
of habitat use considered among studies and relative importance of conspecific attraction across
the species range could explain variation in the effects of forest harvesting that have been
reported for species of conservation concern such as the Canada Warbler (Cardellina
canadensis). Our objective was to quantify the relative importance of forestry-related stand
metrics versus conspecific proximity on multiple levels of habitat use and reproductive activity
of Canada Warblers. We used point count surveys and tracked individuals to determine density,
2" and 3" order habitat use, and probability of pairing and fledging young for male Canada
Warblers in Alberta, Canada. Forest harvesting had negative effects on density and 2™ order use.
There was limited evidence that local vegetation structure, forest age within post-harvest stands,
or retention of unharvested fragments influenced use of harvested areas. However, males were
more likely to use post-harvest stands in areas close to adjacent unharvested stands, and areas
near conspecifics (2" order). Within the home range (3™ order), intensity of use was highest in
unharvested stands, closer to conspecifics, and further from post-harvest-unharvested edges but
was not influenced by local vegetation structure. Lastly, there was no evidence that forestry

affected pairing or probability of fledging young. However, pairing success was lower in areas



with a higher density of Canada Warblers. Overall, this suggests that to accommodate the
clustered distribution of Canada Warblers, the retention of large tracts of unharvested forest,

particularly in areas where occurrence is known, is warranted.

2.1 INTRODUCTION

Conservation of species-at-risk requires the identification of their habitat requirements
(i.e. habitat required for survival and recovery) and the human activities likely to result in the
destruction of that habitat (Fish and Wildlife Service 1973, Government of Canada 2011). In
legally designating the habitat requirements of a species, there is considerable uncertainty about
how to integrate data from different studies collected at varying spatial scales, as different
ecological processes and cues affect habitat associations at various scales (Addicott et al. 1987,
Meyer and Thuiller 2006, Lele et al. 2013). Thus, multi-scale approaches are needed to
understand habitat associations and threats to species of conservation concern (Hutto 1985,
Meyer and Thuiller 2006). The hierarchical orders-of-selection concept, proposed by Johnson
(1980), provides a useful framework to assess habitat use (i.e. the way a species or individuals
utilize habitat to meet their life requirements; Jones 2001). Studying habitat use at lower orders
provides information about local populations, while studying use at higher orders (hierarchically
nested in lower orders) provides specific information on resources supporting individual life
requirements, (e.g. nesting, foraging; Meyer and Thuiller 2006). Unlike habitat selection (i.e. a
behavioural process resulting in disproportionate use of a certain habitat type relative to the
availability of that type; Hutto 1985), habitat use does not require assumptions about the habitat
type and amount available to an individual (Jones 2001, Kertson and Marzluff 2011). For

example, to determine that an animal “selected” one resource unit relative to another resource



unit (tangible items distributed over space and time; Lele et al. 2013), we would have to assume
that each resource unit was encountered by the animal. Furthermore, differences in practitioners’
definitions of extent and number of available resource units can result in different probabilities of
selection (Kertson and Marzluff 2011, Lele et al. 2013). Hence, assessing habitat use (e.g. used
vs. unused or intensity of use) provides important data on habitat needs within or across habitat
types without arbitrarily defining availability (Marzluff et al. 2004, Kertson and Marzluff 2011).

Presence/absence from avian point count surveys is often used to determine where forest
songbirds will place their territories (2nd order use; Rosenstock et al. 2002, Bart 2005, Simons et
al. 2007). Density estimates (i.e. the number of individuals/unit area) or relative abundance (i.e.
the number of individuals/sample) can also be generated from such data (Hache et al. 2014,
Bayne et al. 2016). Forest type, amount, stand age, edge, and configuration are often important
predictors of 2™ order use and density for most forest songbirds (MacArthur and MacArthur
1961, Smith et al. 2011), and have been widely used to characterize habitat requirements
(reviewed by Jones 2001). Where birds spend the most time within their home range (i.e. 31
order use) remains unknown for many species (but see Marzluff et al. 2004). Because 3" order
use is nested within2"™ order use, it can only vary within the resource units included in a home
range (Meyer and Thuiller 2006), and so it should be more strongly influenced by local
vegetation features correlated with food availability, concealment from predators, and nesting
sites (Meyer and Thuiller 2006).

Although vegetation characteristics are a strong predictor of habitat use in forest
songbirds, there is growing evidence that social cues are important to assess habitat quality
(reviewed by Ahlering et al. 2010). Use of such cues can result in conspecific attraction, where

individuals are more likely to use areas near conspecifics despite more or equally suitable habitat
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structure existing elsewhere (Stamps 1988, Ahlering et al. 2010). Conspecific attraction can be
quantified by measuring spatial autocorrelation of individuals after accounting for the effects of
vegetation conditions (Campomizzi et al. 2008, Cunningham et al. 2016). Settling in areas near
conspecifics can reduce search time when deciding where to place territories (Fletcher 2006),
and increase mating opportunities (Stamps 1988, Wagner 1998, McKellar et al. 2014) and hence
can be particularly important in fragmented landscapes where suitable vegetation is patchily
distributed or mates are difficult to locate (Fletcher 2006). Species with short breeding seasons
have less time to assess resources and, as a result, seem to rely on conspecific attraction to a
greater degree than other species (Stamps 1988, Fletcher 2006). Thus, we need to understand the
relative importance of vegetation cues and conspecific attraction on habitat use to inform
conservation strategies, as resource availability alone may not be sufficient to determine which
areas will be used (Campomizzi et al. 2008).

While conspecific attraction is presumably adaptive (i.e. increases fitness), it could also
result in use of lower quality habitat if areas near conspecifics do not maximize fitness
(Beauchamp et al. 1997, Pért et al. 2007). For example, individuals settling in the periphery of
patchily distributed habitat due to conspecific attraction may experience lower breeding success
(Nocera et al. 2009). Hence, per capita productivity may not always be correlated with density of
breeding individuals (Brown 1969, Van Horne 1983, Skagen and Yackel Adams 2011, Flockhart
et al. 2016). We might expect that older individuals would secure high quality territories as they
typically arrive on the breeding grounds earlier and have previous experience, while younger
individuals will use lower quality habitat near conspecifics, resulting in lower fitness (Fretwell
and Lucas 1970). Alternatively, individuals using lower quality habitat to be near conspecifics

may be able to compensate by adjusting home range size (i.e. the area used by an individual for
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foraging, mating, and raising young; Burt 1943) under an ideal free distribution (IFD; Fretwell
and Lucas 1970, Haché et al. 2013). Conspecific attraction could result in either of these
outcomes, but the resulting distribution would be clustered, rather than regularly distributed
within patches, as ideal distributions typically predict (Nocera et al. 2009). Furthermore,
conspecific attraction could result in negative density-dependent effects on breeding success due
to increased resource competition and higher predation/parasitism rates for individuals in clusters
compared to individuals using areas with fewer conspecifics (Brown 1969, Gilroy and
Sutherland 2007). With rare and endangered species, all occupied sites are usually considered
important because of small population sizes, but protection of demographic sources (i.e. where
excess individuals are produced) should generally be prioritized over demographic sinks (i.e.
where productivity does not compensate for adult mortality; Pulliam 1988, Dias 1996, Bonnot et
al. 2013). Hence, information about how habitat use influences bird behavior and subsequent
breeding success is also needed to identify habitat requirements and prioritize areas for

conservation.

The Canada Warbler (Cardellina canadensis) is a forest songbird considered threatened
in Canada (Environment Canada 2016a). Habitat loss is thought to be the main driver of
population declines and degradation of breeding habitat quality by forestry activities is
considered a possible threat (Environment Canada 2016a). The Recovery Strategy for the
Canada Warbler identified the need to determine the amount and characteristics of forest
harvesting that can maintain suitable conditions for the species (Environment Canada 2016a).
Current information on the effects of forestry across the species breeding range is inconclusive

(reviewed by Reitsma et al. 2010; Environment Canada 2016a). Furthermore, conspecific
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attraction may play an important role for this species’ habitat use patterns given its clumped

distribution (Reitsma et al. 2010) and short breeding season (Flockhart 2007).

We quantified the relative importance of forestry and conspecific attraction on density,
hierarchical habitat use, and reproductive activity of Canada Warblers within extensively
harvested landscapes in boreal Alberta, Canada. Specifically, we estimated density, use at the
point count level (2nGl order) and within home ranges (3rd order), and pairing success/probability
of fledging young for male Canada Warblers. We tested the effects of forestry-related stand-level
metrics and local vegetation characteristics on habitat use, density, and reproductive activity. We
also tested for effects of proximity of conspecifics on these response variables. Lastly, we tested
effects of density and habitat use on individual pairing success and probability of fledging
young. Based on the “vegetation cue” hypothesis, we predicted that forestry-related variables
would have negative effects on Canada Warbler density and habitat use. Based on the orders-of-
selection hypothesis, we predicted stand-level vegetation metrics would be more important at the
2" order, while local vegetation metrics would be more important at the 3" order. According to
an IDD model, lower pairing/probability of fledging young for individuals using post-harvest
areas might be expected relative to birds using unharvested areas, and lower pairing/probability
of fledging young should be observed for younger over older males. Alternatively, based on an
IFD, we predicted that males would adjust home range size to compensate for habitat quality
differences, in which case we would not see differences in pairing/probability of fledging young
between post-harvest and unharvested stands or between age groups. Lastly, based on the
“conspecific attraction” hypothesis, we predicted that male Canada Warblers would use areas
closer to conspecifics, independent of vegetation cues, and that conspecific proximity would

explain more of the variation in density and 2™ order use than in 3" order use.
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2.2 MATERIALS AND METHODS

2.2.1 Study Area
We conducted this study in three areas near Lesser Slave Lake (55.4313° N,

115.6039°W; LSL), Calling Lake (55.2103° N, 113.1933° W; CL), and Lac La Biche (54.7696°
N, 111.9725° W; LLB; Fig. 1) in the boreal central mixedwood natural sub-region of northern
Alberta, Canada. This sub-region is dominated by aspen (Populus tremuloides) and aspen-white
spruce (Picea glauca) mixedwood stands. We selected these study areas based on known
presence of Canada Warblers (Ball et al. 2016) in extensively harvested landscapes. The primary
land use in our study area was logging for pulp and lumber production, but conventional oil and
gas extraction also occurred. Seismic lines and gravel roads were common across the three study

arcas.

2.2.2 Sampling Design
2.2.2.1 Density and 2nd order use

Using Geographic Information Systems, we pre-selected 132 square survey blocks (17.3
ha each; n=53, 35, and 44 for LSL, CL, and LLB, respectively; Fig. 2) within aspen-dominated
stands (i.e. dominant tree species, Alberta Vegetation Inventory 2008). Blocks represented a
gradient of harvest amount (0-100% of survey block harvested) and years since harvesting (0-30
years post-harvest; ABMI 2014, Appendix 11). A subset of survey blocks included riparian
buffers (n=44) or isolated forest fragments (n=31), control blocks without harvesting (n=21)
while the remaining blocks included a portion of one or more contiguous unharvested stands
(n=36) expanding into the survey block (Appendix 12). Survey blocks along riparian areas ran

parallel to the water body (~60 m). All other survey blocks had south-north transects.
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From May 27 to June 15, 2014, in the LSL and CL areas, and from June 1 to July 6,
2015, in the LLB area, we determined the number of territorial males at point count stations and
estimated the total number of males in each survey block (hereafter “density”’). We achieved this
by conducting playback point count surveys between 0500 and 1400 in each survey block. For
each survey block, we conducted a single point count at four equally spaced sampling stations
(100 m apart) along four 300 m transects (Fig. 2), resulting in 16 point counts per survey block
with a total of 2,112 point counts across the three study areas. We recorded the total number of
territorial males detected by sight or sound at each station using the following protocol: 1) 1
minute silence; 2) 30 seconds with songs of conspecifics; and 3) 1 minute silence. We considered
a point count station used if >1 male was detected (2™ order use). We recorded the exact

locations of each male using a handheld GPS to ensure we did not double count individuals.

2.2.2.2 3rd order use

We tracked a total of 62 males using burst sampling to delineate home ranges. We were
specifically interested in use patterns in and near post-harvest stands. Hence, to determine how
much post-harvest forest was used, we targeted and tracked 55 males that had been detected
<200m from post-harvest stands on block surveys (n=23, 14, and 18 for LSL, CL, and LLB,
respectively). We also tracked seven birds that had been detected >200m from post-harvest
stands to compare home range sizes and age structure of males using unharvested stands vs.
those using post-harvest and unharvested stands. We used songs of conspecifics and mist-nets to
capture territorial males (n=42), but some could not be captured (hereafter “unbanded”; n=20).
We aged each captured male as second-year or after-second-year using molt limits (Pyle 1997)

and fitted them with a unique colour band combination to identify individuals on subsequent
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visits. We also tracked unbanded males, but we relied on spatial location from the previous visit

and/or song characteristics to identify these individuals.

We began tracking males 24 hours after capture and conducted weekly 30-60 minute
tracking bouts between 0500 and 1900 (95% occurred between 0500 and 1400) per individual for
approximately 6 weeks. We designed daily sampling rotations among males and among
observers to avoid introducing a temporal or observer bias. We tracked 41 birds from May 25 to
July 14, 2014 in LSL (n=25) and CL (n=16), and 21 birds from June 3 to July 18, 2015, in LLB.
During each tracking bout, we located the male and recorded a GPS location at 5 minute
intervals (to ensure independence among sampling locations; Otis and White 1999), and obtained
a total of 30 location points per male over the season. If males were not located after three
attempted tracking bouts (i.e. 1 hour of searching per weekly visit), no further bouts were
conducted for those males. Due to small sample size of use locations, we were unable to use
kernel density estimators (Seaman et al. 1999), so we used 95% minimum convex polygons
(MCP) to delineate home range boundaries of each male (ArcGIS 10.2 [ESRI 2012]) based on 30
location points per individual. We overlaid a 10m x 10m grid on those home ranges that
overlapped post-harvest stands (>0% area harvested; n=24; total of 3,147 cells) to calculate 31

order use, which was modelled as the number of use points within each cell (Fig. 2).
2.2.2.3 Reproductive activity

Finding and monitoring individuals’ nests to assess breeding success is a difficult and
time consuming endeavor (Vickery et al. 1992, Diemer and Nocera 2016). Due to logistical
constraints (i.e. large distances between tracked males), and our objective to track and assess

reproductive activity of as many males in or near post-harvest stands as possible, we opted to use
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a reproductive index ranking rather than assessing total reproductive output and success. During
each tracking bout, we recorded observations of reproductive activity, and ranked each male in
three categories according to a modified version of Vickery et al. (1992) reproductive index
ranking. Males observed nest building, with nests with eggs/nestlings, and/or seen with a female
were considered paired (rank of 1), while those observed carrying food to multiple spots within
the territory (Flockhart et al. 2016) and/or observed with >1 fledgling (Howlett et al. 2003,
Reitsma et al. 2008b, Haché et al. 2013) were considered to have successfully fledged >1 young
(rank of 2). Territorial males without any evidence of reproductive activity were considered

unpaired (rank of 0).

2.2.3 Vegetation and Conspecific Cues

Forestry variables were obtained from the Alberta Biodiversity Monitoring Institute
(ABMI) Cutblock layer (2014) and were selected to represent forestry-related stand metrics such
as: presence, amount, and age of post-harvest stands, and presence, size, and edge of unharvested
fragments (Appendix 13). We used area-based measurements for density models where the
survey block was the sampling unit, whereas presence and distance-based measurements were
used for use models where point count stations (2™ order) and grid cells (3" order) were the
sampling units. We controlled for several confounding environmental variables that have been
shown to be important predictors of Canada Warbler occurrence in Alberta (Ball et al. 2016)
including: 1) Hydrography variables, obtained from AltaLis

(http://www.altalis.com/products/base/20k _base_features.html) which included rivers (i.e. a

natural hydrographic feature with banks that are an average of >20 metres wide), streams (i.e.
natural linear hydrographic feature with shorelines that are an average of <20 metres wide), and

lakes (i.e. a body of water situated in a depression of the earth’s surface, usually having a well-
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defined open water area and shoreline); and 2) Compound topographical index (CTI), a measure
of wetness as a function of slope, solar insolation, and terrain wetness, was developed for
northern Alberta using the approach of (Gessler et al. 1995). Low CTI values indicated areas
with small catchments and steep hills, while high values indicated large catchments and gentle

slopes.

For each survey block, we extracted: 1) percentage of area harvested (0-100%); 2) area-
weighted age of post-harvest stands (i.e. [sum of area[m’] of each post-harvest stand within
survey block x years since harvested]/survey block area [m?]); 3) contrast-weighted edge density
(CWED, i.e. length of post-harvest-unharvested stand edge x year of harvest); 4) presence of
isolated unharvested fragment (O=absent, 1=present); 5) amount (m?) of old-growth (>125 years)
aspen-dominated forest within a 1 km buffer around each survey block; 6) distance (m) to the
nearest block occupied by >1 Canada Warbler; 7) distance (m) to nearest stream, river, and lake;

and 9) average CTI.

For each point count station (2™ order use), we extracted the same hydrography and CTI
variables as well as: 1) presence/absence of post-harvest (post-harvest=1, unharvested=0); 2)
origin year of stand; 3) distance (m) to post-harvest-unharvested edge; 4) size (m”) of
unharvested fragment (if point is in unharvested stand); and 5) distance (m) to nearest point

count station occupied by a male Canada Warbler.

To determine what influenced within-home range use (3“]l order), the same variables as
described for 2™ order use were extracted at the centroid of each 10 x 10m cell within home
ranges, in addition to age of tracked male (SY=second year, ASY=after-second-year). These

variables were also used to explain variation in reproductive activity in addition to: 1) percent of
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home range overlapping post-harvest stands; 2) number of use locations within post-harvest
stands; 3) density of post-harvest-unharvested edge within home range; and 4) density of males

in the survey block.

We conducted ground-based local vegetation surveys at a subset of point count stations
(n=89) within a subset of survey blocks (n=49). For control blocks with no harvesting, we
randomly selected one point count station to conduct vegetation surveys, whereas for blocks with
both unharvested and post-harvest stands we randomly selected one point count station in each of
these treatment types. Vegetation surveys were also conducted in a subset of grid cells within all
home ranges (3-4 per home range, n=84), one at the center of the home range and at 3 randomly
selected cells within the home range (2 for small home ranges where vegetation plots would have
overlapped). Plots consisted of: 1) number of trees (>8cm diameter at breast height); 2) average
tree size (cm); 3) percent canopy cover; 4) canopy height (m) within a 11.3 m radius; 5) percent
green cover; 6) percent shrub cover; 7) percent downed log cover; 8) number of small shrubs
(<2.5cm in diameter); 9) number of large shrubs (>2.5-8cm in diameter); and 10) organic litter
depth (mm) within a nested 5m radius (BBIRD protocol: Martin et al. 1997, also see Hallworth
et al. 2008b, Flockhart et al. 2016). Vegetation surveys were conducted from mid-July to mid-

August.

2.2.4 Statistical analysis
We used negative binomial regression to explain variation in density. We started by

building a baseline model using nuisance variables (i.e. day of survey, time of day, study area [1
=LSL, 2 =CL, 3=LLB], and observer [n=8]), CTI, and distance to lake, river, and stream. We
used a backwards step selection process to select variables that resulted in the best model fit

based on Akaike’s Information Criterion ranking for small sample sizes (AICc). Other variables
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were added to the baseline model using a two-stage approach. First, we tested for effects of
forest harvesting and ranked these models using AICc to determine which combination of
forestry and nuisance variables resulted in the best model fit. Second, we tested whether adding a
covariate for conspecific proximity improved the “baseline-forestry model” using the same
model selection approach. We also tested for non-linear effects (squared, quadratic, and cubed).
When variables with a quadratic term were included in the top-ranked model, we tested whether

a threshold response provided a better fit using package ‘segmented’ in R (Muggeo 2008).

We used mixed effect logistic regressions to explain variation in 2" order use, where
survey block ID was added as a random effect, and mixed effect negative binomial regressions
with bird ID as a random effect to assess 3™ order use. The same model building process was
used as for density, with the addition of a third stage. Using the subset of stations (2" order) or
cells (3" order) with detailed ground-based vegetation data, we tested if adding ground-based
local vegetation covariate(s) to the best model from stage 2 improved model fit. In addition, for
the subset of males where age was known, we tested for age x presence/absence of post-harvest

stand interactions (3rGl order) at stage 1.

We used logistic regressions to analyze reproductive activity. We analyzed probability of
pairing (paired vs. unpaired) separately from probability of fledging young (fledged young vs.
paired only), as pairing (i.e. attracting a mate) and fledging (i.e. successfully raising young to
fledgling stage) may be driven by different mechanisms (Reitsma et al. 2008a). First, we
evaluated if probability of pairing (i.e. paired vs. unpaired males) was influenced by: 1) 2" order
variables; or 2) 3" order variables, using the same 3 stage modelling approach previously
described, with the addition of male age as a baseline variable, and density of conspecifics as a

variable in stage 2. We then used the same modeling approach to test for effects of 2" and 3™
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order variables on the probability of males fledging >1 young (i.e. fledging young vs. paired

only).

Wilcoxon signed rank tests were used to test for differences in home range sizes between
males who only used unharvested stands versus those individuals who used post-harvest and

unharvested stands.

We analyzed use and density models using the package glmmADMB (Skaug et al. 2011)
in R3.1.2 (Team 2014), and reproductive activity models using the ologit command in STATA
13 (Hamilton 2012). We reported standardized regression coefficients (f) = SE, test statistic (z),
and p-value (p) for each independent variable for the top regression models and test statistic (W)
and p-values for the Wilcoxon signed rank test. Lastly, for each top model, we calculated pseudo

r* values as a measure of goodness-of-fit using the package MuMIn in R (Barton 2013).
2.3 RESULTS

2.3.1 Density
We detected a total of 96 males on block surveys: 51, 10, and 35, in LSL, CL, and LLB,

respectively. Density per block ranged from 0-9 territorial males (mean = 0.75 + 1.67), but males
were only detected on 29% of the survey blocks (38/132). The best ranked forestry model
included a negative cubic effect of percent post-harvest (B =-0.81 = 0.27; Fig. 3A; Appendix
1,3). This model was improved by adding distance to the nearest occupied block (AICc wt=0.8;
Table 1; Appendix 1). Relative to LSL, the other two study areas had significantly lower male
density (CL: B =-1.98 £0.54; LLB: B =-1.93 + 0.57; Table 1) and density was higher in areas

with low CTI values (i.e. areas with small catchments and steep hills; f =-0.67 £ 0.19; Table 1).
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2.3.2 2" order use

We detected >1 territorial male at 91 point count stations (48, 10, and 33 at LSL, CL, and
LLB, respectively; 4% of point count stations). The top-ranked forestry model included a
presence of post-harvest stands x distance to the nearest edge interaction (B =-3.52 + 1.13; Table
1; Appendix 1,4) suggesting that in post-harvest stands males used areas closer to unharvested-
post-harvest edge rather than the core harvested area (Fig. 3B). A non-linear negative effect of
distance to the nearest occupied station (B = -1.45 + 0.37) improved the model further (Table 1;
Appendix 1) indicating that 2" order use decreased with increasing distance to the nearest
occupied point count station up to approximately 600m (+125), after which proximity to
conspecifics had no effect (Fig. 3C). No local (ground-based) vegetation variables were
significant in predicting 2™ order use (Appendix: Table 5), and did not improve stage 2 models
(Appendix: Table 1). Point count stations in CL and LLB had lower 2™ order use than in LSL

(CL: B=-1.72£0.49; LLB: p =-1.10 £ 0.47, Table 1).

2.3.3 3" order use

Average home range size was 0.94 ha (+ 0.86). Post-harvest stands were included in the
home range of 44% (24/55) of the males that were captured <200m from a post-harvest stand
(i.e. the other 31/55 males used exclusively unharvested stands). Most of these males (15/24) had
low amount of overlap (<20%) of post-harvest stands in the home range. Mean size of home
ranges that included post-harvest stands was larger than those of home ranges that did not

include post-harvest stands (W=305, p<0.05).

The best model included a positive effect of distance to nearest post-harvest-unharvested
edge, suggesting intensity of use increased with distance from edges (B = 0.61 £ 0.19; Table 1).

The model was improved by adding proximity to conspecifics (AICc wt=0.70; Appendix 1,6).
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Males had higher intensity of use in unharvested than post-harvest stands, and intensity of use in
unharvested stands was higher near conspecifics (post-harvest stands x distance to nearest
conspecific interaction; f = 0.33 + 0.17; Table 1; Fig. 3D; Appendix 1). No ground-based
vegetation variables were significant, nor did they improve upon model stage 2 (Appendix 1, 7).
Relative to LSL, the other two study areas had significantly higher intensity of use within grid
cells (CL: B=0.58 £0.27; LLB: p = 0.83 + 0.43; Table 1) indicating that the home ranges in the
latter were more compact (i.e. smaller with higher intensity of use per cell) than the former.
Intensity of use was also higher further from streams (f = 0.28 £0.12; Table 1). We did not find
significant differences in intensity of use of post-harvest stands between male age classes

(Appendix 6).

2.3.4 Reproductive activity

We tracked a total of 18 after-second-years (ASY), 24 second-years (SY), and 20
unbanded males of unknown age. Pairing and evidence of fledgling >1 young was confirmed for
84% and 69% of males, respectively. For pairing success, the top model only included a negative
non-linear (squared) effect density of conspecifics (f = -0.82+ 0.30; Table 1, Appendix 2),
indicating that pairing success was higher for males at low and mid-densities (i.e. 1-3 males per
block), but decreased at higher densities (Fig. 4). Stand-level forestry variables and ground-based

vegetation variables did not improve models.

For probability of fledging >1 young, the best model included 3™ order variables (AICc
wt =0.66; Appendix 2). There was a significant positive effect of distance to river (f = 1.48+
0.60; Table 1), suggesting that probability of fledging young was higher for paired males with

home ranges further from rivers. The model was not improved by adding stand-level forestry
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variables, or proximity to conspecifics, but was improved by adding average shrub cover (Table

1; Appendix 2).

2.4  DISCUSSION

2.4.1 Density

Male densities decreased with increasing amounts of harvesting. This is consistent with
studies across the boreal breeding range (Schieck et al. 1995, Cooper et al. 1997, Schieck and
Song 2006, Ball et al. 2016) where Canada Warblers were most abundant in old-growth
deciduous stands, and post-harvest stands were not deemed suitable habitat (Ball et al. 2016). A
breeding-range wide report also found that Canada Warbler abundance increased with increasing
canopy height and canopy cover (Hache et al. 2014), attributes which are typically associated
with older forests. Unharvested stands (particularly older stands) differ substantially in
vegetation structure from younger stands, and the combination of vertical stratification, structural
diversity and high densities of old, large trees associated with old-growth stands (>125 years
post-harvest; Huettmann 2003) could be important for Canada Warblers. Although some studies
suggest that residual retention in harvested areas or in regenerating stands 11-30 years post-
harvest may support some Canada Warblers (Schieck and Hobson 2000, Schieck and Song
2006), we did not find evidence that retention of unharvested fragments (< 5 ha), or regeneration
of harvested stands (< 30 years post-harvest) mitigated effects of forest harvest on density. Other
studies also reported that the use of unharvested fragments was relatively uncommon (Schieck
and Hobson 2000, Schieck and Song 2006), and that the only occupied fragments were relatively

large (Ball et al. 2016).
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Density of males was also higher in areas with low CTI values indicating small
catchments and steep slopes and wetter soils. This is consistent with results in the western boreal
range of Canada Warblers (Enns and Siddle 1996, Ball et al. 2016) and elsewhere in the species
breeding range (Peck and James 1987, Smith 1996, Hallworth et al. 2008b, Palmer-Ball Jr 2015,
Westwood 2016). Slopes and wet forests could create the underlying conditions for more
complex understory and higher shrub density that Canada Warblers have been associated with in
other studies. Sloped areas could provide important concealment as nests can be built with an
overhang (Goodnow and Reitsma 2011a). Of the relatively few nests that we located in this study
4/9 were located on “slopes” (A. Hunt, pers obs). Goodnow and Reitsma (2011b) rarely found
Canada Warbler nests on flat ground in New Hampshire, and Peck and James (1987) suggested

that nests in Ontario, Canada were associated with slopes.

Our forestry model was improved by adding proximity to other occupied survey blocks
(Table 1). It has been suggested that Canada Warblers might have a clustered breeding
distribution (Reitsma et al. 2010), but to our knowledge our study is the first to quantify this
spatial distribution. Other studies have found that conspecific attraction in songbirds resulted in a
clustered distributions (reviewed by Ahlering et al. 2010). According to the hidden lek
hypothesis (Wagner 1998), females will preferentially select areas with high male densities
because it provides more possibilities for extra-pair copulations. Sex ratios for some species tend
to be more male biased in areas of low abundance, suggesting that females are more likely to
recruit into larger populations (Morrison et al. 2016). Hence, in addition to males using areas
near conspecifics to locate suitable habitat, unpaired males may cluster around males in high-
quality habitat to obtain extra-pair copulations from females (Wagner 1998, 1998, Nocera et al.

2009, McKellar et al. 2014). Canada Warblers have a broad distribution which is locally
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concentrated (Ball et al. 2016), so clustering of males could be important to attract females and
increase mating opportunities.
2.4.2 2" order use

Territorial males were less likely to use post-harvest than unharvested stands. Previous
studies on Canada Warblers have also documented lower use of post-harvest stands in western
boreal regions (Schieck and Hobson 2000, Ball et al. 2016). Our results also suggest that males
are using portions of post-harvest stands that are near the edges of unharvested stands. This is
consistent with Becker et al. (2012), who noted that Canada Warblers seemed to use clearcuts in
areas closer to edges, whereas this was not the case in areas with heavy partial harvests (i.e.
clear-cuts with residual trees plus deferment and shelterwood cuts), or light partial harvests (i.e.
single-tree selection and diameter limit cuts). Furthermore, we found that males were more likely
to settle in a stand close to conspecifics irrespective of vegetation cues. Hallworth et al. (2008b)
also suggested that the proximity of their two study areas in undisturbed and second-growth
stands may have influenced the use of harvested stands by Canada Warblers. These results are
consistent with other studies on conspecific attraction. For example, Nocera et al. (2009) found
higher densities of smaller Bobolink (Dolichonyx oryzivorus) territories clustered in “core” high-
quality habitat and lower densities of larger territories were in the periphery. Clustering near
conspecifics could explain why some studies have detected Canada Warblers in post-harvest
stands (Schieck and Hobson 2000, Schieck and Song 2006), as males could be using post-harvest
stands that are near conspecifics in adjacent stands. This suggests that when generating estimates
of how many individuals post-harvest stands can support (see Ball et al. 2016) researchers should
account for the fact that only post-harvest stands at edges of unharvested stands and near

conspecifics tend to be used.
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We did not find evidence that local vegetation features influenced 2™ order use. Other
studies have shown that shrub density is an important vegetation feature across the Canada
Warbler breeding range (Hallworth et al. 2008b, Chace et al. 2009, Palmer-Ball Jr 2015,
Flockhart et al. 2016). One possible explanation is that some males settle on certain vegetation
types, whereas conspecific attraction drives settling behaviour of other males, who settle on the
vegetation near conspecifics. Hence, local vegetation use patterns could be confounded by the
effects of conspecific attraction. For example, Nocera et al. (2009) found that males in “core”
habitat with small territories had significantly different vegetation structure and composition
inside vs. outside of territories, whereas this was not the case for males with larger territories in

the periphery.

2.4.3 3" order use

The majority of males that we tracked did not include more than 20% of post-harvest
stands in their home range, and home ranges which overlapped both post-harvest and
unharvested stands were larger than those solely in unharvested stands. Larger home range size
may suggest that resource availability is lower and males must traverse larger distances to obtain
necessary resources (Smith and Shugart 1987, Newmark and Stanley 2016). Machtans et al.
(1996) found that Ovenbird (Seiurus aurocapilla) home ranges that overlapped linear features
were larger than home ranges that did not include linear features, and that the linear features
themselves were unused. Canada Warblers using post-harvest stands in New Hampshire, U.S.
also had larger home ranges than those using unharvested stands (Hallworth et al. 2008a). In
portions of the home range in unharvested stands, we found that males spent more time near
conspecifics than they did in portions of their home range in post-harvest stands. This use pattern

likely reflects the need for greater territorial defense in the unharvested portion of the home
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range where birds tended to have more neighbours (Lankau et al. 2013). As there are lower
densities of males associated with post-harvest stands, males likely do not have to spend as much
time defending the part of the home range closer to the core of the harvested area because few
conspecifics are present to defend against. We also found that males spent less time near the
post-harvest — unharvested edges within the home range. This suggests that edge habitat is
included in the home range as a function of males using areas near conspecifics in adjacent
unharvested stands, and being forced to live on both sides of the edge in areas with high densities

of males.

We did not find strong evidence that local vegetation influenced 3" order use. To our
knowledge there are no other studies on Canada Warbler 3™ order use for comparison. Again,
our sample size for ground-based vegetation surveys is small, which may limit our ability to
detect variation. The majority of our use locations were singing locations, when the birds are
most detectable during tracking, which may present a bias as our results may not be

representative of vegetation needs for other life requirements.

We found 3" order use was higher further from streams. This may indicate that streams
are used as natural territory boundaries (i.e. the boundaries of the portion of the home range that
is actively defended; Burt 1943), so males may spend less time defending these parts of the home
range and more time defending areas without natural territory boundaries (Mesterton-Gibbons
and Adams 2003, Bayne et al. 2005). At first glance, this result seems contradictory to our
findings for density, where small catchments and steep slopes supported higher density.
However, higher use further from streams may indicate that although riparian areas are important
for broader use by the population or as territory boundaries, the areas immediately adjacent to

streams may not be highly used by individuals. This result could have implications for regulating
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riparian buffer widths in forest management plans. If more individuals cluster near riparian areas,
but individuals do not use areas nearest to streams, small buffers may not be used as they may
not extend far enough from the stream to accommodate clusters of Canada Warblers. Current

guidelines require only 30-60m buffers for small and large permanent streams (ASRD 2008).

Lastly, we did not find a significant difference in the intensity of use of post-harvest
stands used by ASY vs. SY males. Hallworth et al. (2008a) also did not find a significant
difference in proportion of ASY vs. SY males in undisturbed vs. second-growth stands. This is
contrary to results from Nocera et al. (2009) who found that younger male Bobolinks were more
likely to use lower quality habitat near conspecifics and have larger territory sizes than older
males. Our result is more consistent with an IFD where adjustments in home range size can
compensate for differences in individuals’ ability to obtain high-quality home ranges (Fretwell

and Lucas 1970).

Overall, our results show that Canada Warblers require at least some unharvested stands
to support a home range, again suggesting that only those portions of post-harvest stands
adjacent to unharvested stands should be considered as usable. Hence, predicted values for
Canada Warbler habitat suitability should take into account that typically only ~20% of an
individual home range can be supported by post-harvest habitat, so these areas are less valuable
than unharvested areas. For example, when mapping suitable habitat (see Ball et al. 2016),
suitability of each area/pixel in post-harvest stands could be weighted based on the proportion of

a home range that can be supported (i.e. 0.2), and by its proximity to unharvested stands.

2.4.4 Reproductive activity

There were no effects of forest harvesting on individual males probability of pairing or

29



fledging young. However, larger home range sizes were observed for males whose home ranges
overlapped both post-harvest and unharvested stands, suggesting that males may adjust home
range size to compensate for lower resource availability, resulting in similar per capita
productivity (Fretwell and Lucas 1970). Flockhart et al. (2016) also suggested that Canada
Warbler home range size may be a function of habitat quality, where home ranges in high quality

habitat are smaller due to pressures from competition and territory defense (Ridley et al. 2004).

We found evidence of a negative relationship between density and pairing success.
However, probability of paired males fledging young was not influenced by local density effects.
This pattern could be explained by the hidden lek hypothesis (Wagner 1998), in which unpaired
males cluster in areas near paired males to obtain extra-pair copulations (EPC) from females, so
unpaired males drive higher densities rather than vice versa. McKellar et al. (2014) found that
areas with high local densities of American Redstarts (Setophaga ruticilla) had high proportions
of unpaired males, and higher rates of EPC. Reitsma et al. (2010) have suggested that EPCs are
likely common in Canada Warblers, although empirical studies have not been conducted. While
Flockhart et al. (2016) found evidence that density affected breeding success of Canada Warblers
in Lesser Slave Lake Provincial Park, they did not distinguish between pairing and probability of
fledging young, so whether this was caused by a large number of unpaired males or other

density-dependent effects is unknown.

We also did not find effects of male age on pairing or probability of fledging young,
which is consistent with McKellar et al. (2014) findings, and again is consistent with an IFD.
Conversely, other studies on species known to exhibit conspecific attraction found that ASY
males had higher pairing success than SY males (Nocera et al. 2009), and other Canada Warbler

studies in the eastern breeding range have found this as well (Reitsma et al. 2008b). Pairing
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success of males is often linked to traits that should be positively correlated with male age such
as: suitable site selection (Nocera et al. 2009), access to recurring mates from previous years
(McKellar et al. 2014), and females’ selection of males with brighter colours and bolder plumage
patterns (Rappole 1983, Reitsma et al. 2008b). However, if sites from previous years are no
longer suitable due to disturbance, or if female mates do not return, these age-related patterns
may not be apparent. Our sample size of males with known ages was fairly small (n=42), which
may have limited our ability to detect effects. The lack of age effect on probability of paired
males fledging young is consistent with McKellar et al. (2014) and with studies of Canada
Warblers from the eastern breeding range (Reitsma et al. 2008b), and suggests that even if
younger birds use lower quality habitat, they can adjust home range size to obtain the resources

to successfully fledge young.

We found that the probability of paired males fledging >1 young was higher for those
males with home ranges further from rivers. This may suggest that male territories are more
compressed in small riparian buffer strips, and may be subject to higher competition for a limited
space or edge effects (Ridley et al. 2004). Average shrub cover (<50cm in height) also improved
our model assessing probability of fledging young, but the effect of this variable was not
significant (Table 1; Appendix: 2). Reitsma et al. (2008b) suggested that although shrub density
>1m in height is an important cue for nest selection, that high shrub cover at lower horizons may
prevent the growth of other ground cover features that are important to nesting Canada Warblers
such as moss. Hence, low shrub cover may have weak indirect effects on probability of fledging
young through limiting development of important nesting substrate. Flockhart et al. (2016) found
that shrub cover was higher in smaller territories, and that smaller territories tended to have

lower breeding success, also suggesting an indirect relationship between shrub cover and
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breeding success. If shrubs are an important local vegetation feature for Canada Warblers, and if
males cluster in these high-quality areas, breeding success could be affected by density-

dependent effects like increased competition.

2.4.5 Conclusions
These results have several implications for prioritizing areas for conservation and for

forest management with the aim to recover Canada Warbler populations in Alberta. In general,
forest harvesting seems to constitute a threat to breeding habitat, as it is resulting in lower use
and lower densities of Canada Warblers than unharvested stands. Post-harvest stand age, local
vegetation, presence/size of unharvested fragments, and landscape availability of unharvested
stands do not appear to mitigate these effects. Only post-harvest stands near unharvested stands
are used, meaning that the core of harvested areas does not constitute usable habitat. The use of
post-harvest stands by Canada Warblers in Alberta seems to be more strongly influenced by
social factors than attributes of post-harvest stands themselves. Conspecific attraction might also
explain why seemingly “suitable” areas of unharvested stands are not inhabited, while similar
areas can support very high densities. Hence, leaving large tracts of contiguous unharvested
stands (particularly where Canada Warbler occur) will be important to provide enough suitable
habitat to accommodate a clustered distribution. There is also the potential to use experimental
manipulations to attract birds to areas that are less likely to be harvested in the future and thus
aid with long-term conservation planning. Overall, although density and pairing success seem to
be inversely related, this result is likely due to a hidden lek, unpaired males clustering around
paired males, resulting in high densities, rather than effects of the high density itself on pairing
success. Hence, it is likely that high density of Canada Warblers in unharvested stands is

reflective of high quality habitat.
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Future studies should model size of Canada Warbler clusters to determine necessary size
of protected areas, examine interactions between distance to river X distance to nearest edge and
buffer widths required to support home ranges to determine appropriate buffer regulations, and
investigate differential habitat use for singing and non-singing behaviours to assess within home

range local vegetation requirements.

More generally, understanding factors influencing different orders of use, the relative
importance of behavioural processes and vegetation cues, and the consequences of use patterns
on reproductive activity can improve the information used for recovery strategies. Studies based
on single spatial scales or orders of habitat use have been shown to provide contradictory
recommendations that hinder the efficiency of conservation actions (Addicott et al. 1987, Girard
et al. 2004), which is consistent with our results. We showed that edges are not an important
predictor of density of males, but that male home ranges in post-harvest stands are typically near
unharvested stand edges, and that within the home range, edges are generally avoided.
Conspecific proximity was important for 2" and 3" order use and density, but density of
conspecifics, rather than conspecific proximity was more predictive of pairing success. This
study demonstrates that prioritization of conservation areas for species-at-risk is best informed
by a hierarchical multi-level approach. Prioritizing areas based on presence or density alone
could result in overestimating the amount of suitable habitat available as areas may remain
vacant if social cues or adjacent habitat is not present. In scenarios where intensive behavioural
observations are not possible, incorporating proximity to undisturbed habitat and to conspecifics

could provide valuable information when prioritizing areas for conservation.
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2.5 TABLES

Table 1. Variables and coefficients for top ranked models predicting: A) Density of males (17.3
ha survey blocks; n=132); B) 2nd order use (used/unused; n=2,112); C) 3rd order use (in 24 male
home ranges; n=3,147); and D) pairing success (n=62); and E) probability of fledging young
(n=51) for territorial male Canada Warblers in managed forests in northern Alberta. N is the
sample size of the model, B is the standardized coefficient, SE is the standard error, z is the test

cesk”

statistic, and p is the p value. represents interactions between terms.

Variables in top models N i} SE z P
DENSITY

CUT3 132 0.81 0.27 -3.06 | <0.005
NEAROCC 132 -0.32 0.18 1.66 <0.1
STUDYAREA 132

CL: -1.98 0.54 -3.65 < 0.0005
LLB: 1.93 0.57 -3.42 <0.0005
CTI 132 -0.67 0.19 -3.62 <0.0001
DISTRIVER 132 -0.32 0.23 -1.39 | <0.1

2" ORDER USE

IFCUT*DISTEDGE 2112 -3.52 1.13 -3.11 | <0.005
NEAROCC 2112 -1.45 0.37 -4.31 <0.0005
STUDY AREA 2112

CL -1.72 0.49 -3.50 | <0.0005
LLB 1.10 0.47 -2.40 | <0.05
DISTRIVER 2112 -0.35 0.19 -1.82 <0.1
3%° ORDER USE

[FCUT*NEAROCC 3147 0.33 0.17 1.93 0.05
DISTEDGE 3147 0.61 0.19 3.13 <0.001
DISTSTREAM 3147 0.28 0.12 2.37 <0.05
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PAIRING SUCCESS

CONSDENSITY2 62 -0.82 0.30 -2.70 <0.001

PROBABILITY OF FLEDGING YOUNG

SHRUBCOV 51 -0.99 0.54 -1.83 <0.1
STUDY AREA 51

CL 2.14 1.34 1.6 0.1
LLB 1.67 1.24 1.34 0.2
DISTRIVER 51 1.48 0.60 247 <0.05

* CUT3 is a cubed term representing the percent of a survey block comprised of post-harvest
stands, NEAROCC is the distance to the nearest conspecific, DISTRIVER is the distance (m) to
nearest river, STUDY AREA is the study areas CL (Calling Lake) and LLB (Lac La Biche) in
reference to LSL (Lesser Slave Lake), IFCUT is the presence/absence(1/0) of post-harvest stands
at a point count station, DISTEDGE is the distance (m) to the nearest post-harvest/unharvested
edge, DISTSTREAM is the distance (m) to nearest stream, CTI is the average compound
topographic index, CONSDENSITY?2 is a squared term representing the number of conspecifics
(males) on the survey block. SHRUB is the density of shrubs (<2.5cm diameter), GREENCOV is
the % green cover <50cm height. CTI is the average compound topographical index.
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2.6 FIGURES

Figure 1. Survey block locations (n=132) in the 3 study areas: Lesser Slave Lake (left), Calling
Lake (centre), and Lac La Biche (right). Inset map of Canada (National Geographic basemap).
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Figure 3. Predicted density of territorial male Canada Warblers in survey blocks as a function of
increasing amount of post-harvest stands (A); 2nd order use of post-harvest stands in response to
distance to nearest unharvested edge (B); 2nd order use of post-harvest stands as a function of
increasing distance (m) to the nearest point count station used by a conspecific (C); and 3rd order
use in harvested areas (solid line) and unharvested areas (dashed line) in response to distance to

the nearest conspecific (D).
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CHAPTER 3: CONCLUSION

The main objective of my thesis was to determine the relative importance of forest
harvesting and conspecific attraction on Canada Warblers in boreal Alberta. I surveyed over
2,000 ha of boreal forest over two field seasons, and collected data on density of territorial
males, home ranges, within home range use, proximity to conspecifics, age structure and
reproductive activity (see Chapter 2). Throughout this project, I not only learned about effects
of forestry on Canada Warblers specifically, but also gained insights into the types and extent
of data required to understand habitat needs and threats to avian species-at-risk. In Chapter 3, |
compare my results from Chapter 2 to those of other local and regional studies across the
breeding range and a national modeling initiative (Hache et al. 2014) to identify potential
drivers of discrepancies between studies and provide specific recommendations for recovery

action planning for Canada Warblers.

Under the Species at Risk Act, recovery plans must be released within two years of
listing the species as threatened and should “identify the species' critical habitat unless it is
not possible to do so; and where critical habitat is identified, provide examples of activities
that are likely to result in its destruction” (Government of Canada 2011). If critical habitat is
fully identified, the area defined is sufficient to meet population and distribution objectives.
When critical habitat is partially identified, a schedule of studies must be drafted to identify
information gaps and research needs to fully identify critical habitat (Environment and
Climate Change Canada 2016). Many recovery strategies acknowledge gaps in the knowledge
of species needs, threats, and critical habitat. For example, Mooers et al. (2010) reported that
only 5% (23/447) of all listed species-at-risk in Canada had critical habitat identified, and in

2013 (McCune et al. 2013) reported that <50% of species with completed recovery strategies
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have critical habitat identified. Hence, the recovery process is slowed by the need for further

research before any meaningful recommendations for action can take place.

There is a tendency for managers and conservationists to prefer broad-scale information
about a species as data collection is more efficient (i.e. usually based on presence/absence;
Guillera-Arroita et al. 2015), financially feasible (Guisan and Zimmermann 2000, Kearney
and Porter 2009), and a similar management plan can be implemented across the species
range. However, large-scale species distribution models (e.g. based on point counts alone)
are relatively imprecise (Guisan and Zimmermann 2000) and alone may not be the best
method to assess habitat requirements and threats for species-at-risk for several reasons. First,
identifying which vegetation type and structure are actually used or avoided by individuals
requires knowledge of their spatial location, whereas point counts provide only a rough
assessment of the conditions the species is using (Marzluff et al. 2004). Second, identifying
important habitat for species at risk requires an understanding of habitat-specific reproductive
success and/or survival (Johnson 2007). Third, habitat requirements and threats can vary
regionally (Whittingham et al. 2007, Bamford et al. 2009, Boves et al. 2013, LaManna and
Martin 2016), particularly when species have large ranges. Guidelines for critical habitat
identification suggest that identification can be made at the site-level (small/localized
geographic range, narrow habitat specificity), area-level (intermediate geographic range, wide
or narrow habitat specificity), or landscape-level (large geographic range, wide habitat
specificity; Environment and Climate Change Canada 2016). However, these categorizations
do not account for species that exhibit habitat specificity that varies over the geographic

range.
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The recovery strategy for the Canada Warbler, a threatened species, was recently
released (Environment Canada 2016a). This strategy, like those for many other species,
identified numerous knowledge gaps and inconsistencies in knowledge about habitat
requirements and threats across the breeding range. Data are available from regional multiple-
species studies, and several directed studies, but there is no consensus on breeding habitat
requirements and threats for this species (reviewed by Reitsma et al. 2010). As such, the
Government of Canada is unable to fully identify critical habitat at a landscape scale without
further research. Regional and local scale studies across the breeding range have found
different habitat requirements and responses to forestry by Canada Warblers (reviewed by
Reitsma et al. 2010). They have been reported to use old-growth aspen in the western boreal
(Schieck et al. 1995, Schieck and Song 2006, Ball et al. 2016), younger mixed-wood stands in
eastern Canada (Drapeau et al. 2000, Lambert and Faccio 2005), swamps and second-growth
forests in the eastern U.S. (Hallworth et al. 2008b), and rhododendron thickets in the southern
U.S. (Becker et al. 2012). Furthermore, forest harvesting has been identified as a threat by
some (Zlonis and Niemi 2014, Ball et al. 2016), while others have suggested it can create
productive breeding habitat (Hallworth et al. 2008b, Becker et al. 2012). The Boreal Avian
Modeling project (BAM) recently released a report with the objective to generate species
distribution models using point count datasets across the species breeding range to help critical
habitat identification for the Canada Warbler (Hache et al. 2014). However, they found no
effects of forestry (positive or negative), and no differential habitat selection across the
breeding range. As discussed in Chapter 2, differences in study methodology (i.e. which order
of use is studied, whether ecological constraints and reproductive activity are measured) may

account for apparent differences in habitat associations and responses to forestry, but there are
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also inherent differences between ecoregions creating unique conservation scenarios in each. In
the following essay, I discuss potential reasons for discrepancies among regional and national
studies, and suggest how these conflicting results can be best applied to Canada Warbler

conservation.

3.1 Spatial accuracy and intensity of use

Point counts are the most common method to estimate relative abundance of birds (i.e.
the number of individuals/sample), population trends, habitat associations, and the proportion
of the population that will be affected by different management activities (Rosenstock et al.
2002, Bart 2005, Johnson 2007, Cumming et al. 2010). Point counts consist of observations of
presence and number of birds detected by sight/sound within pre-determined or unlimited radii
and a given time period (e.g. 10 minutes). This method is efficient because it allows researchers
to cover large areas with minimal effort, and data are collected for many species
simultaneously (Rosenstock et al. 2002). Large-scale point-count datasets provide an
opportunity to model and create habitat suitability maps based on derived density estimates
(Hache et al. 2014, Bayne et al. 2016). However, information on the spatial location of
individuals, and intensity of use in different habitat types is important to understand the effects
of human disturbance (Marzluff et al. 2004, Kertson and Marzluff 2011). Point counts
conducted in disturbed areas may count birds that are using the disturbed area, the adjacent
undisturbed area, or the edge interface, distinctions that have different implications for the
importance of disturbances. In addition, point counts only provide a snapshot of the habitat that
is being used, as they do not provide information on the time spent in different habitat types
(i.e. intensity of use) or for non-territorial activities like nesting and foraging (Meyer and

Thuiller 2006).
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In Chapter 2, I showed that territorial males using post-harvest stands were near edges
of unharvested stands and near conspecifics. Most males that used post-harvest stands had
home ranges that were comprised of > 80% unharvested stands. In most other studies of
Canada Warblers across the breeding range, there have been no measures of the spatial location
of used post-harvest stands in relation to unharvested stands or to conspecifics (review by
Reitsma et al. 2010), meaning that point count stations located in post-harvest stands may be
detecting birds in the post-harvest stand itself, or in adjacent unharvested stands. In areas with
high densities of Canada Warblers and high amounts of harvesting, more individuals may be
detected in post-harvest stands as they may use these areas to be closer to conspecifics. Hence,
in highly harvested landscapes, the proportion of individuals in post-harvest will likely be
higher. Although they did not empirically test use patterns relative to edge or conspecifics,
Becker et al. (2012) also suggested that clearcuts were used more in areas closer to edges, and
Hallworth et al. (2008b) suggested that the proximity of unharvested and harvested study plots

may have influenced the reported use of harvested stands by Canada Warblers.

To my knowledge, no other Canada Warbler study has provided information on
intensity of use within the home range. Thus, these studies had to assume that when individuals
were detected in a given land use type, they used this exclusively throughout the breeding
season. However, results from chapter 2 suggest that individuals detected in post-harvest stands
spend the majority of their time in the unharvested parts of their home range near conspecifics,

and away from stand edges.

3.2  Assumptions about habitat quality
Since Van Horne's (1983) seminal paper “Density as a misleading indicator of habitat

quality”, it is widely accepted that demographic information is required to assess habitat quality
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(Johnson 2007). A meta-analysis by Bock and Jones (2004) showed that in most cases, density
of birds was positively related to breeding success, but the relationship was less consistent in
human-disturbed landscapes. For example, negative relationships between breeding success
and density can arise when birds disproportionately use habitat types where they experience
lower breeding success than in other habitat types (i.e. ecological traps; Gates and Gysel 1978,
Battin 2004), or where crowding of individuals may result in lower per capita productivity for

individuals through competition for resources and mates (Brown 1969, McKellar et al. 2014).

Hache et al. (2014) suggested that density of Canada Warblers was a good indicator of
habitat quality and that high density areas should be used to inform critical habitat
identification. Other studies have expressed concerns about whether density is a good proxy for
per unit area or capita productivity of Canada Warblers (Hagan et al. 1997, Ball et al. 2013,
Palmer-Ball Jr 2015), but most studies did not empirically test for discrepancies. In Chapter 2, |
showed that pairing success and probability of fledging young were not affected by forest
harvest. Density affected pairing success (i.e. pairing success was lower in high density areas),
but did not affect probability of already paired males fledging young. This suggests that
unpaired males are attracted to areas where they can obtain extra-pair copulations with females,
rather than suggesting density-dependent effects on reproductive activity per se. In Lesser
Slave Lake Provincial Park, Flockhart et al. (2016) found negative density-dependent effects on
breeding success of Canada Warblers, but they did not separate the effects on paired and
unpaired males. In our study area, males only used small portions of post-harvest stands in their
home range, so potential effects on reproductive activity may be less evident than if the entire
home range was composed of post-harvest. This effect could be different in other regions if

birds are exclusively using post-harvest stands. Although effects of density on breeding success
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were not explicitly tested, Hallworth et al. (2008a) found no difference in proportion of
successful breeders in areas supporting different densities (i.e. second-growth forest vs.
undisturbed maple swamp). Local demographic studies on Canada Warbler populations in each
Bird Conservation Region across the breeding range are required to quantify potential
geographic variation in the relevance of using density as a proxy for habitat quality. Such an
initiative to assess breeding success in several areas across the breeding range is currently
underway using a standardized rapid assessment approach developed by Len Reitsma and the

Canada Warbler International Conservation Initiative (CWICI; pers. comm).

3.3  Differences in ecological context

Regional variation in habitat use and response to disturbance has been reported in many
species (Whittingham et al. 2007, Bayard and Elphick 2010, Boves et al. 2013, Cunningham
and Johnson 2016). There are several potential reasons for this variation. Firstly, the
availability of certain cover types or features may affect the use patterns that we observe. For
example, Cunningham and Johnson (2016) found that several forest bird species responded
positively to percent tree cover in landscapes that were open, whereas in wooded landscapes,
birds showed neutral or negative responses. Secondly, differences exist in underlying regional
characteristics which might alter regeneration rates and overall system productivity of forests
(e.g. climate, vegetation, soils; Simard et al. 2011) and ultimately, regional differences in bird
responses to disturbances. For example, LaManna and Martin (2016) showed that forest harvest
in less productive higher-latitude temperate forests resulted in greater changes in species
composition than in lower-latitude temperate forests. LaManna and Martin (2016) also found
that the effects of forest harvest on bird species richness were more severe in deciduous or

coniferous stands than in mixedwood stands. Thirdly, extrinsic variables other than vegetation
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structure may be more relevant to a species. For example, food abundance and quality are
important drivers of habitat selection and use by birds (Lack et al 1954, Newmark and Stanley
2016). While food abundance/quality is generally correlated with habitat structure, different
relationships may exist regionally (Holmes and Schultz 1988, Boves et al. 2013). For example,
Sleep et al. (2009) suggested that the high variance in timing of spruce budworm outbreaks
across regions could make it difficult to draw general conclusions about the effects of this prey
base on Canada Warblers at the national level. Hence, birds might occupy different vegetation
types in different geographic areas, depending which vegetation attributes are associated with
high food availability in that area. Lastly, responses will often differ with disturbance intensity,
which alters vegetation structure and food availability to varying extents (Wedeles and
Donnelly 2004). Harvest methods can range from removing a relatively small percentage of
trees (e.g. 30-40% in selective harvest; Angers et al. 2005), which generally has minimal
effects on forest species loss (Hache et al. 2013), to all or most trees (e.g. clearcut harvest)
which can result in drastic changes in species composition (LaManna and Martin 2016).
Furthermore, for species with large ranges, range-wide studies may mask variation in regional
patterns, or potentially detect only the strongest effects (i.e. those that affect the areas with high

population densities).

The Canada Warbler has a large breeding range, extending from the boreal forest at high
northern latitudes in the west (~60°N), to temperature forests at low latitudes in the eastern U.S.
(~35°N) (Reitsma et al. 2010). This breeding range includes six Bird Conservation Regions
(BCR) which are “conservation planning units designated based on ecoregion features such as:
climate, human activity, vegetation, soils, geological and physiographic features, and associated

biodiversity” (Environment Canada 2016b).
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There are more reports of negative forestry effects on breeding populations of Canada
Warblers at higher latitudes (e.g. BCR 6; Hobson and Bayne 2000b, Ball et al. 2013) than
populations breeding at lower latitudes (e.g. BCR 12, 14, 28; Hagan et al. 1997, King and
DeGraaf 2000, Becker et al. 2012, Grinde and Niemi 2016). This latitudinal variation in
responses to forestry suggests that inherent differences in regional conditions like climate may
result in variation in the availability of certain environmental conditions, vegetation and

disturbance types.

Regional differences in responses to forestry can also result from differences in harvest
treatments and intensity across the breeding range. Quebec, Ontario, and British Columbia have
the highest forest harvest rates (ha/yr) in Canada (Masek et al. 2011), suggesting that
unharvested stands might be less available in these provinces and Canada Warblers might be
forced to use higher proportion of harvested areas. Furthermore, clearcut harvest and higher
volume of trees/ha is more common in boreal regions of Canada (Masek et al. 2011) while
selection harvesting is the most common harvest method in the hemiboreal regions and
northeastern U.S. (Masek et al. 2011). Hence, neutral or positive responses to forest harvesting
documented in the eastern breeding range might be partly due to the prevalence of selective
harvesting, whereas negative responses in the western breeding range might be due to the
prevalence of clearcuts. This is consistent with Becker et al. (2012) who found that Canada
Warblers had higher relative abundance in forests that were managed using selection harvest
vs. clearcut harvest. Despite the prevalence of selection harvest in the eastern portion of the
species range, several studies have also tested effects of clearcut harvest on Canada Warblers in
this region (Hagan et al. 1997, King and DeGraaf 2000, Becker et al. 2012, Grinde and Niemi

2016), suggesting that factors other than harvest intensity also need to be considered.
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The national species distribution model generated by Hache et al. (2014) showed habitat
associations that were consistent with studies in the central portion of the Canada Warbler
breeding range (i.e. mixedwood and deciduous stands; Drapeau et al. 2000), but again, found
no effects of forest harvest. Because the highest densities of Canada Warblers are found in the
central breeding range, habitat associations and forestry responses of these populations may
have a disproportionate effect on the predictions from the national model. Moreover, pooling
results from across BCRs could mask regional variability (Woolmer et al. 2008). However,
there was no effect of an East-West divide (at -98° longitude) or BCR on habitat-specific
density estimates for territorial males (Hache et al. 2014). They did find that densities were
higher in areas with a longer growing season (generally lower latitudes) and with tall trees.
Hence, climate effects could explain variability in density across the breeding range at larger
spatial scales better than vegetation alone, as the availability of certain vegetation types and
structures in an area could be regulated by climate (Hogg and Bernier 2005, Simard et al.
2011). Higher productivity and regeneration rates at lower latitudes might also allow Canada
Warblers to exploit a wider range of habitats and mitigate some of the effects of forest harvest.
Although canopy height can be used as a proxy for stand age, trees are known to grow faster
and taller at lower latitudes (Simard et al. 2011). Lastly, Hache et al. (2014) did not test for
regional variation in responses to forestry and only considered stands harvested within the last
10 years. In Chapter 2, we showed that effects of forest harvest remained for up to 30 years and

considering post-harvest stands >10 years as unharvested stands could be misleading.

34 Recommendations for understanding and addressing needs of Canada Warbler

It is clear that both regional studies and range-wide studies have pros and cons for
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assessing habitat quality and threats for species-at-risk. In this essay, I have discussed potential
reasons for discrepancies in habitat associations and threats among regions, and why these
discrepancies may not be captured at the national scale. Species distribution models like Hache
et al. (2014) provide valuable information on Canada Warbler population trends, where the
highest proportion of the breeding population resides, and broad-scale climatic variables used
to estimate distribution and population size across jurisdictions. However, this scale of study
does not appear to capture the regional variation in habitat use patterns and forestry that will be
important for defining critical habitat and determining whether forest harvesting can maintain
suitable conditions for Canada Warblers. Recommendations from Hache et al. (2014) include
the protection of mixedwood stands with high canopy height and dense cover across the
breeding range, although they did not necessarily consider forest management as an important
component of conserving populations. Their results would also suggest that conservation
efforts should be focused in Ontario and Quebec as these areas support most of the Canadian
breeding population. Results from this thesis suggest that post-harvest stands in western boreal
regions support fewer males than unharvested stands and that unharvested stands are necessary
components of most male home ranges. Furthermore, we showed evidence for a hidden lek
system in Canada Warblers, resulting in a clustered distribution of males, suggesting that some
suitable areas may remain unused if there are no males already established in neighboring
stands. Overall, this suggests that recovery strategies for species-at-risk should include: 1)
range-wide modeling initiatives to prioritize areas where the highest proportion of the
estimated breeding population occurs; and 2) designations of critical habitat based on BCR-
specific habitat needs and threats, which account for habitat quality, and behavioural processes

when possible. Work of this nature is currently being undertaken (see Will et al. 2005, Mahon

50



et al. 2014). Identifying critical habitat and threats are key components of developing plans to
recover threatened species, and addressing knowledge gaps and contradictory data is necessary

to develop comprehensive recovery action plans.

In this thesis, I have presented a case where abundance, habitat use, reproductive activity,

and behavioral processes were successfully linked to understand effects of forestry on the
Canada Warbler on their breeding grounds in Alberta. However, this is only one piece of a
complex story needed to understand and protect this declining species. Cumulative effects of
other threats on the breeding grounds (e.g. habitat conversion, collision with structures, etc;
Environment Canada 2016a), as well as threats along migratory routes and wintering grounds
must also be taken into consideration. Canada Warblers are neotropical migrants, so habitat use
and threats on the wintering grounds and stopover areas along migratory routes likely have
important implications for population trends and may contribute to the patterns we see on the
breeding grounds. For example, on the primary wintering grounds of Canada Warblers in the
Andean forests of northern South America, over 90% of forested area has been cleared
(Gonzalez-Prieto et al. 2016). Furthermore, eastern and western breeding populations are
geographically segregated on their wintering grounds in Columbia into areas that experience
different environmental conditions and disturbance intensity (Gonzélez-Prieto et al. 2016).
Finally, climate is a known driver of broad-scale distributions and use patterns of birds, and
Hache et al. (2014) found that the number of growing days was an important predictor of
Canada Warbler abundance. In the boreal, although climate change may initially result in
increased forest productivity, it is also expected to increase the frequency and severity of fire
(Flannigan et al. 2009), drought (Hogg and Bernier 2005), and insect outbreaks (Volney and

Fleming 2000), and impact the timing of biological events, leading to mismatches in phenology
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of arrival on the breeding or wintering grounds vs. vegetation and prey which could result in
reduced survival or breeding success (Bowers et al. 2016). This may affect the availability of
suitable habitat for Canada Warblers by changing vegetation structure, food availability, and
other environmental conditions. These climatic changes will likely be different across the
geographic range of the species, and will have different magnitudes of impact on different
breeding populations. For example, Gonzalez-Prieto et al. (2016) suggest that climate effects
will be more severe for the eastern wintering populations than the western populations, as
climatic conditions are already drier in the former.

The main recommendations from my thesis would include the prioritization of
protecting large contiguous areas of older unharvested stands, particularly in those areas where
Canada Warblers already occur, and to only consider post-harvest stands usable if they are in
close proximity to unharvested stands and conspecifics. If hidden leks are occurring in this
species, there is a potential to use experimental manipulation to lure Canada Warblers into
suitable, but unoccupied habitat (Ahlering et al. 2010). However, we do not currently know the
type and timing of conspecific cues to which males are responding (i.e. songs of conspecifics
during territory establishment, location and success of males at the end of the previous breeding
season), so different cues and timing should be tested. Additionally, pre and post-
implementation monitoring should be in place to assess the persistence of Canada Warbler
occupancy, reproductive activity and survival in experimentally established territories relative
to naturally established territories. Ahlering et al. (2010) provide a useful flowchart and
suggestions for best practices when applying conspecific attraction methods to conservation.
These results cannot necessarily be extrapolated to other regions given the important regional

differences previously discussed. However, accounting for proximity of Canada Warblers to
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unharvested stands and conspecifics should be considered when assessing use of harvested

areas in other regions.
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APPENDICES

Appendix 1. Results from a comparison of a priori models to generate predictions for three
model sets: A) Density of males (17.3 ha survey blocks; n=132); B) 2" order use (used/unused;
n=2,112); C) 3" order use (in 24 male home ranges; n=3,147) for territorial male Canada
Warblers in managed forests in northern Alberta. Model sets include baseline models and up to
three stages: 1) forestry effects alone, 2) forestry and conspecific proximity effects, and 3)
forestry, conspecific proximity, and ground-based vegetation effects. Model stages within each
set are ranked from the lowest to highest corrected Akaike's Information Criterion (AICc) values,
AAICc is the difference in the AICc value relative to the best fitting model, Df is the degrees of
freedom, and weight is the model weight, N is the sample size of the model. Pseudo r* values are

reported for top models. “*” represents interactions between terms.

Model description N Model AAICc Df Weight | Pseudo r’
Stage

DENSITY

CUT3+NEAROCC+DISTRIVER+CTI +STUDYAREA 132 |2 0 9 0.77 0.17

CUT3+DISTRIVER+CTI +STUDYAREA 132 |1 2.7 7 0.21

DISTRIVER+CTI +STUDYAREA 132 |0 6.6 6 0.02

2"” ORDER USE

IFCUT*DISTEDGE 2112 | 2 0 9 0.99 0.56

+NEAROCC+DISTRIVER+STUDYAREA

IFCUT*DISTEDGE+ DISTRIVER+STUDYAREA 2112 | 1 132 8 0.001

DISTRIVER+STUDYAREA 2112 | 0 32.7 5 <0.001

GROUND-BASED VEGETATION

IFCUT*DISTEDGE +NEAROCC+ 89 2 0 7 0.72 0.07

DISTRIVER+STUDYAREA

[FCUT*DISTEDGE +NEAROCC+ 89 3 1.8 8 0.28
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DISTRIVER+STUDYAREA +SHRUB

3*’ ORDER USE

IFCUT*NEAROCC +DISTEDGE+DISTSTREAM 3147 [ 2 0 10 [0.70 0.04
+STUDYAREA

IFCUT+DISTEDGE+DISTSTREAM +STUDYAREA 3147 | 1 1.8 8 0.28
DISTSTREAM +STUDYAREA 3147 | 0 7.4 6 0.02

GROUND-BASED VEGETATION

IFCUT*NEAROCC +DISTEDGE+DISTSTREAM 84 2 0 10 0.77 0.04
+STUDYAREA

IFCUT+DISTEDGE*NEAROCC +DISTSTREAM 84 3 24 11 0.23
+STUDYAREA +GREENCOV

** CUTS3 is a cubed term representing the percent of a survey block comprised of post-harvest stands, NEAROCC is the distance to the nearest
conspecific, DISTRIVER is the distance (m) to nearest river, STUDY AREA is the study areas CL (Calling Lake) and LLB (Lac La Biche) in
reference to LSL (Lesser Slave Lake), IFCUT is the presence/absence(1/0) of post-harvest stands at a point count station, DISTEDGE is the
distance (m) to the nearest post-harvest/unharvested edge, DISTSTREAM is the distance (m) to nearest stream, CTI is the average compound
topographic index, CONSDENSITY?2 is a squared term representing the number of conspecifics (males) on the survey block. SHRUB is the

density of shrubs (<2.5cm diameter), GREENCOV is the % green cover <50cm height. CTI is the average compound topographical index.

Appendix 2. Results from a priori models used to generate predictions for A) pairing success
(paired vs. unpaired; n=62), and B) probability of fledging young (fledged >1 young vs. paired
only; n=51) of territorial male Canada Warblers using either 1) 2" order variables or 2) 3" order
variables. Models are ranked from the lowest to highest corrected Akaike's Information Criterion
(AICc) values, AAIC is the difference in the AIC value relative to the best fitting model, Df is the

degrees of freedom, and weight is the model weight.

PAIRING SUCCESS: AAICc Df Weight Pseudo
RZ
2N’ ORDER VARIABLES
CONSDENSITY2 0 2 0.93 0.14
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NULL 5.91 1 0.05
IFCUT*PATCH 7.52 3 0.02

3%’ ORDER VARIABLES
CONSDENSITY 0 2 0.81 0.10
NULL 3.89 1 0.12
EDGEINHR 4.01 2 0.11
GREENCOV 4.85 2 0.7

PROBABILITY OF FLEDGING YOUNG:

2" ORDER VARIABLES
DISTRIVER+STUDYAREA 0 4 0.82 0.17
IFCUT+DISTRIVER+STUDYAREA 3.42 5 0.15
CONSDENSITY+DISTRIVER+STUDYAREA 6.42 6 0.03

3% ORDER VARIABLES
SHRUBCOV+DISTRIVER+STUDYAREA 0 5 0.66 0.25
DISTRIVER+STUDYAREA 1.95 4 0.22
EDGEINHR+DISTRIVER+STUDYAREA 3.94 5 0.09
CONSDENSITY+ DISTRIVER+STUDYAREA 8.37 5 0.01

**NULL represents a model with no variables, IFCUT represents whether a station or grid cell is in post-harvest (1) or not (0), PATCH
represents the area(m2) of the unharvested patch a station is located in, STUDY AREA is the study areas CL (Calling Lake) and LLB (Lac La
Biche) in reference to LSL (Lesser Slave Lake), DISTRIVER is the distance(m) to the nearest river, EDGEINHR is the length of post-harvest-
unhavested edge in a home range, CONSDENSITY?2 is the density of other males on the survey block, SHRUBCOV is the % shrub cover
(<50cm), GREENCOV is the % cover of all green material (<50cm).

Appendix 3. Results from 6 a priori models (STAGE 1) based on forestry covariates used to
generate predictions of density of territorial male Canada Warblers on survey grids (n=132) in
managed forests in northern Alberta. Models are ranked from the lowest to highest corrected
Akaike's Information Criterion (AICc) values, AAIC is the difference in the AIC value relative to
the best fitting model, Df is the degrees of freedom, and weight is the model weight. All models
included BASELINE variables: distance (m) to river from the survey block centroid, average

compound topographical index (CTI) on the survey block, and study area (1=Lesser Slave Lake,
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2=Calling Lake, 3=Lac La Biche) as fixed effects, all models except BASELINE included

CUTS.

Model description AAIC Df Weight
CUT3+DISTRIVER+CTI+STUDYAREA 0 7 0.34
CUT3+ CWED+DISTRIVER+CTI+STUDYAREA | 0.3 8 0.29
CUT3+YEAR+DISTRIVER+CTI+STUDYAREA 1 9 0.21
CUT3+PATCH+DISTRIVER+CTI+STUDYAREA | 1.4 8 0.14
CUT3+LAND+DISTRIVER+CTI+STUDYAREA 2.3 8 0.09
DISTRIVER+CTI+STUDYAREA 39 6 0.04

** CUT3 (cubed term) represents the percent of a survey block comprised of post-harvest stands, YEAR represents the area-weighted average
year of harvest on the survey block, CWED represents a measure of fragmentation-the contrast weighted edge density (unharvested: harvested
edge) on the survey block, PATCH represents whether there is an isolated residual patch in the cutblock (1=patch, 0= no patch), LAND
represents landscape effect-the amount of old-growth (>100 years) aspen within a 1 km buffer of the survey block. DISTRIVER is the distance
(m) to nearest river, STUDY AREA is the study areas CL (Calling Lake) and LLB (Lac La Biche) in reference to LSL (Lesser Slave Lake), CTI is
the average compound topographic index

Appendix 4. Results from 5 a priori models (STAGE 1) used to generate predictions of 2™ order
use for point count level surveys (n=2112) for territorial male Canada Warblers in managed
forests in northern Alberta. Models are ranked from the lowest to highest corrected Akaike's
Information Criterion (AICc) values, AAIC is the difference in the AIC value relative to the best
fitting model, Df is the degrees of freedom, and weight is the model weight. All models included
BASELINE variables distance to river and study area (1=Lesser Slave Lake, 2=Calling Lake,

3=Lac La Biche) as fixed effects and survey block number as a random effect, all models except

BASELINE included IFCUT.

Model description AAICc Df Weight
IFCUT*DISTEDGE+DISTRIVER+STUDYAREA 0 8 0.97
IFCUT*YEAR+DISTRIVER+STUDYAREA 8.1 8 <0.01
IFCUT+DISTRIVER+STUDYAREA 9.5 6 <0.01
IFCUT*PATCH+DISTRIVER+STUDYAREA 13.3 8 <0.001
DISTRIVER+STUDYAREA 19.2 6 <0.001
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** JFCUT represents whether a station is in post-harvest (1) or not (0), DISTEDGE represents the distance (m) to the nearest edge (post-harvest
to unharvested), YEAR represents the origin year of the stand in which the station is located (harvest year for post-harvest stands and stand origin
for unharvested stands), PATCH represents the area(m2) of the unharvested patch a station is located in, DISTRIVER is the distance (m) to
nearest river, STUDY AREA is the study areas CL (Calling Lake) and LLB (Lac La Biche) in reference to LSL (Lesser Slave Lake).

Appendix 5. Results from 10 a priori models (STAGE 3) used to test which ground-based
vegetation variables best predict 2" order use for point count level surveys (n=89) for territorial
male Canada Warblers in managed forests in northern Alberta. Models are ranked from the
lowest to highest corrected Akaike's Information Criterion (AICc) values, AAIC is the difference
in the AIC value relative to the best fitting model, Df is the degrees of freedom, and weight is the
model weight. All models included BASELINE variables distance to river and study area
(1=Lesser Slave Lake, 2=Calling Lake, 3=Lac La Biche) as fixed effects and survey block

number as a random effect, all models except BASELINE included IFCUT.

Model description AAICc Df Weight

IFCUT*DISTEDGE 0 9 0.17

+NEAROCC+STUDYAREA+DISTRIVER+SHRUB

IFCUT*DISTEDGE 0.1 9 0.15

+NEAROCC+STUDYAREA+DISTRIVER+SHRUBs

IFCUT*DISTEDGE 0.3 9 0.14

+NEAROCC+STUDYAREA+DISTRIVER+TREESIZE

IFCUT*DISTEDGE 0.5 9 0.1

+NEAROCC+STUDYAREA+DISTRIVER+CANOPYCOV

IFCUT*DISTEDGE 1 9 0.1

+NEAROCC+STUDYAREA+DISTRIVER+CANOPYHEIGHT

I[FCUT*DISTEDGE 1 9 0.09

+NEAROCC+STUDYAREA+DISTRIVER+SHRUBCOV

IFCUT*DISTEDGE 1 9 0.08

+NEAROCCHSTUDYAREA+DISTRIVER+ORGLITTER

IFCUT*DISTEDGE 1.3 9 0.06

+NEAROCC+STUDYAREA+DISTRIVER+TREECOUNT
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IFCUT*DISTEDGE 1.5 9 0.06

+NEAROCC+STUDYAREA+DISTRIVER+GREENCOV

IFCUT*DISTEDGE 1.5 9 0.05

+NEAROCC+STUDYAREA+DISTRIVER+LOGCOV

* NEAROCC is the distance to the nearest conspecific, DISTRIVER is the distance (m) to nearest river, STUDYAREA is the study areas CL
(Calling Lake) and LLB (Lac La Biche) in reference to LSL (Lesser Slave Lake), IFCUT is the presence/absence(1/0) of post-harvest stands at a
point count station, DISTEDGE is the distance (m) to the nearest post-harvest/unharvested edge, SHRUB is the density of shrubs (<2.5cm
diameter), SHRUBEs is the density of shrubs (2.5-8 cm diameter), GREENCOV is the % green cover <50cm height, SHRUBCOV is the % shrub
cover <50cm height, LOGCOV is the % log cover <50cm height,, TREECOUNT is the number of trees (>8cm diameter), ORGLITTER is the
average depth (mm) of organic litter, TREESIZE is the average tree size, CANOPYCOVER is the amount of upper canopy cover,
CANOPYHEIGHT is the average height of upper canopy trees.

Appendix 6. Results from 6 a priori models (STAGE 1) based on forestry variables used to
generate predictions of 3" order use (n=3147) in home ranges of territorial male Canada
Warblers that include post-harvest stands (n=24) in managed forests in northern Alberta. Models
are ranked from the lowest to highest corrected Akaike's Information Criterion (AICc) values,
AAIC is the difference in the AIC value relative to the best fitting model, Df is the degrees of
freedom, and weight is the model weight. All models included BASELINE variables distance to
stream and study area (1=Lesser Slave Lake, 2=Calling Lake, 3=Lac La Biche) as a fixed effect

and individual bird ID as a random effect, all models except BASELINE included IFCUT.

Model description AAIC Df Weight
IFCUT+DISTEDGE+DISTSTREAM+STUDYAREA | 0 8 0.76
IFCUT+PATCH+DISTSTREAM+STUDYAREA 34 9 0.14
DISTSTREAM+STUDY AREA 5.6 6 0.05
IFCUT+DISTSTREAM+STUDYAREA 6.6 7 0.02
IFCUT*YEAR+DISTSTREAM+STUDYAREA 7.1 9 0.02

SUBSET WITH AGE (N=42)

IFCUT+DISTEDGE+DISTSTREAM+STUDYAREA | 0 10 0.90

[FCUT*MALEAGE+DISTSTREAM+STUDYAREA | 4.4 11 0.10

**[FCUT represents whether a grid cell is in post-harvest (1) or not (0), DISTEDGE represents the distance (m) to the nearest post-harvest-
unharvested edge, PATCH represents the area(m2) of the unharvested patch a grid cell is located in, YEAR represents the origin year of the stand

in which the grid cell is located (harvest year for post-harvest stands and stand origin for unharvested stands) MALEAGE represents the age of
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the tracked male (1=after second year, 2=second year). DISTSTREAM is the distance (m) to nearest stream, STUDYAREA is the study areas CL

(Calling Lake) and LLB (Lac La Biche) in reference to LSL (Lesser Slave Lake).

Appendix 7. Results from 10 a priori models (STAGE 3) used to test which ground-based

vegetation variables would best predict 3 order use in home ranges of territorial male Canada

Warblers that include post-harvest stands in managed forests in northern Alberta (n=84). Models

are ranked from the lowest to highest corrected Akaike's Information Criterion (AICc) values,

AAIC is the difference in the AIC value relative to the best fitting model, Df is the degrees of

freedom, and weight is the model weight.

Model description AAICc Df Weight
IFCUT*NEAROCC 0 11 0.38
+DISTEDGE+STUDYAREA+DISTSTREAM+GREENCOV

IFCUT*NEAROCC 2.6 11 0.1
+DISTEDGE+STUDYAREA+DISTSTREAM+CANOPYHEIGHT

IFCUT*NEAROCC 2.8 11 0.09
+DISTEDGE+STUDY AREA+DISTSTREAM+NUMTREES

IFCUT*NEAROCC 3 11 0.08
+DISTEDGE+STUDY AREA+DISTSTREAM+CANOPYCOV

IFCUT*NEAROCC 3 11 0.05
+DISTEDGE+STUDYAREA+DISTSTREAM+TREESIZE

IFCUT*NEAROCC 3.9 11 0.05
+DISTEDGE+STUDY AREA+DISTSTREAM+SHRUB

IFCUT*NEAROCC 4.1 11 0.05
+DISTEDGE+STUDYAREA+DISTSTREAM+SHRUBs

IFCUT*NEAROCC 4.2 11 0.05
+DISTEDGE+STUDYAREA+DISTSTREAM+LOGCOV

[FCUT*NEAROCC 4.2 11 0.05

+DISTEDGE+STUDY AREA+DISTSTREAM+ORGLITTER
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IFCUT*NEAROCC 4.2 11 0.05

+DISTEDGE+STUDYAREA+DISTSTREAM+SHRUBCOV

* NEAROCC is the distance to the nearest conspecific, DISTSTREAM is the distance (m) to nearest stream, STUDY AREA is the study areas CL
(Calling Lake) and LLB (Lac La Biche) in reference to LSL (Lesser Slave Lake), IFCUT is the presence/absence(1/0) of post-harvest stands at a
point count station, DISTEDGE is the distance (m) to the nearest post-harvest/unharvested edge, SHRUB is the density of shrubs (<2.5cm
diameter), SHRUBEs is the density of shrubs (2.5-8 cm diameter), GREENCOV is the % green cover <50cm height, SHRUBCOV is the % shrub
cover <50cm height, LOGCOV is the % log cover <50cm height , TREECOUNT is the number of trees (>8cm diameter), ORGLITTER is the
average depth (mm) of organic litter, TREESIZE is the average tree size, CANOPYCOVER is the amount of upper canopy cover,
CANOPYHEIGHT is the average height of upper canopy trees.

Appendix 8. Results from a priori models (STAGE 1) based on forestry covariates used to
generate predictions of A) pairing success (paired vs. unpaired; n=62) and B) probability of
fledging young (fledged >1 young vs. paired only; n=51) of male Canada Warblers. Models are
ranked from the lowest to highest corrected Akaike's Information Criterion (AICc) values, AAIC
is the difference in the AIC value relative to the best fitting model, Df is the degrees of freedom,

and weight is the model weight.

Model description AAIC Df Weight
PAIRING SUCCESS

2" ORDER
NULL 0 1 0.68
IFCUT*PATCH 1.61 3 0.31
IFCUT 2 2 0.25
IFCUT*YEARCUT 3.76 4 0.10
IFCUT*DISTEDGE 4.79 4 0.07

3% ORDER
NULL 0 1 0.52
EDGEINHR 0.22 2 0.49
PROPCUT 1.22 2 0.28
NUMPTSCUT 1.86 2 0.20
PROBABILITY OF FLEDGING YOUNG

2" ORDER
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DISTRIVER+STUDYAREA 0 0.65 4
IFCUT+DISTRIVER+STUDY AREA 0.99 0.24 5
IFCUT*PATCH+DISTRIVER+STUDY AREA 3.42 0.12 7
[FCUT*DISTEDGE+DISTRIVER+STUDYAREA 3.44 0.12 7
IFCUT*YEAR+DISTRIVER+STUDYAREA 17 0 7
3%° ORDER
DISTRIVER+STUDYAREA 0 0.51 4
PROPCUT+DISTRIVER+STUDYAREA 1.3 0.26 5
NUMPTSCUT+DISTRIVER+STUDYAREA 1.59 0.23 5
EDGEINHR+DISTRIVER+STUDYAREA 1.99 0.19 5

NULL represents a model with no variables, IFCUT represents whether a station or grid cell is in post-harvest (1) or not (0), DISTEDGE
represents the distance (m) to the nearest post-harvest-unharvested edge, PATCH represents the area(m2) of the unharvested patch a station is
located in, YEARCUT represents the origin year of the stand in which the station is located, STUDY AREA is the study areas CL (Calling Lake)
and LLB (Lac La Biche) in reference to LSL (Lesser Slave Lake),, DISTRIVER is the distance(m) to the nearest river, PROPCUT is the
proportion of home range that overlaps post-harvest, NUMPTSCUT is the number of use locations within post-harvest stands in the home range,

EDGEINHR is the length of post-harvest-unhavested edge in a home range.

Appendix 9. Results from a priori models (STAGE 3) used to test which ground-based
vegetation variables would best predict A) pairing success (paired vs. unpaired; n=62) and B)
probability of fledging young (fledged >1 young vs. paired only; n=51) of male Canada
Warblers. in managed forests in northern Alberta. Models are ranked from the lowest to highest
corrected Akaike's Information Criterion (AICc) values, AAIC is the difference in the AIC value

relative to the best fitting model, Df is the degrees of freedom, and weight is the model weight.

Model description AAICc Df Weight
PAIRING SUCCESS

CONSDENSITY2 0 2 0.25
CONSDENSITY2+GREENCOV 0.62 3 0.18
CONSDENSITY2+ORGLITTER 1.03 3 0.15
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CONSDENSITY2+CANOPYHEIGHT 1.15 3 0.14
CONSDENSITY2+CANOPYCOVER 23 3 0.08
CONSDENSITY2+SHRUBs 2.56 3 0.07
CONSDENSITY2+TREECOUNT 3.56 3 0.04
CONSDENSITY2+SHRUBCOV 3.99 3 0.03
CONSDENSITY2+TREESIZE 4.1 3 0.03
CONSDENSITY2+LOGCOV 4.2 3 0.01
PROBABILITY OF FLEDGING YOUNG

DISTRIVER+STUDYAREA+SHRUBCOV 0 5 0.27
DISTRIVER+STUDYAREA+SHRUBs 0.8 5 0.18
DISTRIVER+STUDYAREA+CANOPYCOV 0.96 5 0.17
DISTRIVER+STUDYAREA 1.96 4 0.10
DISTRIVER+STUDYAREA+ORGLITTER 2.73 5 0.07
DISTRIVER+STUDYAREA+SHRUB 3.39 5 0.05
DISTRIVER+STUDYAREA+TREECOUNT 3.62 5 0.04
DISTRIVER+STUDYAREA+CANOPYHEIGHT 3.80 5 0.04
DISTRIVER+STUDYAREA+GREENCOV 3.91 5 0.04
DISTRIVER+STUDYAREA+TREESIZE 3.95 5 0.04
DISTRIVER+STUDYAREA+LOGCOV 4.00 5 0.03

* NEAROCC is the distance to the nearest conspecific, DISTRIVER is the distance (m) to nearest river, STUDYAREA is the study areas CL
(Calling Lake) and LLB (Lac La Biche) in reference to LSL (Lesser Slave Lake), SHRUB is the density of shrubs (<2.5cm diameter), SHRUBs
is the density of shrubs (2.5-8 cm diameter), GREENCOV is the % green cover <50cm height, SHRUBCOV is the % shrub cover <50cm height,
LOGCOV is the % log cover <50cm height , TREECOUNT is the number of trees (>8cm diameter), ORGLITTER is the average depth (mm) of
organic litter, TREESIZE is the average tree size, CANOPYCOVER is the amount of upper canopy cover, CANOPYHEIGHT is the average

height of upper canopy trees, CONSDENSITY?2 is a squared term representing density of other males on the survey block.

Appendix 10. Locations (lat/long) of points surveyed (n=2,112) within survey blocks (n=132,

17.3 ha) for male Canada Warblers using playback point counts where males were detected (1)

or were not detected (0).

. Bird_ Bird_

LAT LONG Bird_YN LAT LONG YN LAT LONG YN
55.514876 -116.075225 0 55.05319 -111.903 0 55.06866 -111.672 0
55.515567 -116.074216 0 55.05233 -111.903 0 55.06839 -111.671 0
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55.516258
55.516949
55.515448
55.516139
55.51683
55.517522
55.51602
55.516711
55.517403
55.518094
55.516592
55.517284
55.517975
55.518666
55.213432
55.212565
55.211698
55.210831
55.213668
55.212801
55.211934
55.211067
55.213903
55.213037
55.21217
55.211303
55.214139
55.213272
55.212405
55.211539
55.520734
55.52141
55.522085
55.522761
55.521325
55.522
55.522676
55.523352
55.521915
55.522591
55.523267

-116.073207
-116.072199
-116.076443
-116.075434
-116.074426
-116.073417
-116.077661
-116.076653
-116.075644
-116.074635

-116.07888
-116.077871
-116.076862
-116.075854
-113.369876
-113.369464
-113.369052
-113.368639

-113.36836
-113.367948
-113.367535
-113.367123
-113.366844
-113.366432
-113.366019
-113.365607
-113.365328
-113.364916
-113.364503
-113.364091
-116.119303
-116.118262

-116.11722
-116.116179
-116.120494
-116.119452
-116.118411

-116.11737
-116.121685
-116.120643
-116.119602
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55.05092
55.05071
55.05051

55.0503
55.05005
55.04984
55.04963
55.04943
55.04917
55.04896
55.04876
55.04855

55.0483
55.04809
55.04788
55.04768
55.05064
55.05048
55.05031
55.05015
55.04976

55.0496
55.04943
55.04927
55.04888
55.04871
55.04855
55.04838
55.04799
55.04783
55.04767

55.0475
54.99583
54.99503
54.99422
54.99342
54.99543
54.99463
54.99382
54.99302
54.99504
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-111.876
-111.877
-111.879

-111.88
-111.875
-111.877
-111.878

-111.88
-111.875
-111.876
-111.878
-111.879
-111.874
-111.876
-111.877
-111.879
-111.943
-111.944
-111.946
-111.948
-111.943
-111.944
-111.946
-111.947
-111.942
-111.944
-111.945
-111.947
-111.942
-111.944
-111.945
-111.947
-111.825
-111.825
-111.826
-111.827
-111.823
-111.824
-111.825
-111.825
-111.822
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55.06811
55.06784
54.95182
54.95092
54.95003
54.94913
54.95189
54.95099
54.9501
54.9492
54.95196
54.95106
54.95017
54.94927
54.95203
5495114
54.95024
54.94934
54.94419
54.94331
54.94243
54.94154
54.94436
54.94348
54.9426
54.94172
54.94453
54.94365
54.94277
54.94189
54.9447
54.94382
54.94294
54.94206
54.99758
54.99672
54.99586
54.995
54.99784
54.99698
54.99612

-111.669
-111.668
-111.795
-111.795
-111.795
-111.795
-111.793
-111.793
-111.793
-111.793
-111.792
-111.792
-111.792
-111.791

-111.79

-111.79

-111.79

-111.79
-111.772
-111.772
-111.772
-111.771
-111.771
-111.771

-111.77

-111.77
-111.769
-111.769
-111.769
-111.768
-111.768
-111.767
-111.767
-111.767
-111.834
-111.834
-111.833
-111.833
-111.832
-111.832
-111.832
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55.523942
55.522506
55.523182
55.523857
55.524533
55.309209
55.309215

55.30922
55.309225
55.310106
55.310112
55.310117
55.310123
55.311004
55.311009
55.311015

55.31102
55.311901
55.311907
55.311912
55.311917
55.320154

55.32071
55.321266
55.321822
55.320858
55.321414

55.32197
55.322527
55.321562
55.322119
55.322675
55.323231
55.322267
55.322823
55.323379
55.323935
55.525414
55.525573
55.525733
55.525892

-116.118561
-116.122876
-116.121834
-116.120793
-116.119752
-116.250448
-116.248875
-116.247302
-116.245729
-116.250458
-116.248885
-116.247312
-116.245738
-116.250468
-116.248894
-116.247321
-116.245748
-116.250477
-116.248904
-116.247331
-116.245757
-116.196159
-116.194924
-116.193689
-116.192454
-116.197134
-116.195899
-116.194664
-116.193429
-116.19811
-116.196875
-116.19564
-116.194405
-116.199085
-116.19785
-116.196615
-116.19538
-116.000657
-115.9991
-115.997543
-115.995986
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54.99423
54.99343
54.99262
54.99464
54.99383
54.99303
54.99222
55.19556
55.19492
55.19427
55.19363
55.19494
55.19429
55.19365
55.193
55.19431
55.19366
55.19302
55.19238
55.19368
55.19304
55.19239
55.19175
55.00381
55.00291
55.00202
55.00112
55.00389
55.00299
55.0021
55.0012
55.00396
55.00307
55.00218
55.00128
55.00404
55.00315
55.00225
55.00136
55.00885
55.00892

77

-111.823
-111.823
-111.824
-111.821
-111.821
-111.822
-111.823

-113.42
-113.421
-113.422
-113.424
-113.419

-113.42
-113.421
-113.422
-113.418
-113.419

-113.42
-113.421
-113.417
-113.418
-113.419

-113.42
-111.834
-111.834
-111.834
-111.834
-111.833
-111.833
-111.832
-111.832
-111.831
-111.831
-111.831
-111.831

-111.83
-111.829
-111.829
-111.829
-111.835
-111.837

— o

(=R -

—_

S O O OO O O O O O O 2 O O O O O O O O 0O 0O oo 0o oo oo oo 0o o o o <o o o<

54.99526
54.9981
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54.99579
55.25611
55.25524
55.25437
55.2535
55.25633
55.25545
55.25458
55.25371
55.25654
55.25566
55.25479
55.25392
55.25675
55.25588
55.255
55.25413
55.28474
55.28384
55.28294
55.28204
55.28475
55.28385
55.28295
55.28205
55.28476
55.28386
55.28296
55.28206
55.28476
55.28387
55.28297
55.28207

-111.831
-111.831
-111.831

-111.83

-111.83

-111.83
-111.829
-111.829
-111.828
-113.634
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-113.633
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55.526297
55.526456
55.526616
55.526775

55.52718

55.52734
55.527499
55.527658
55.528064
55.528223
55.528382
55.528541
55.319978
55.320535
55.321091
55.321647
55.320683
55.321239
55.321795
55.322352
55.321387
55.321943
55.322499
55.323056
55.322091
55.322647
55.323204

55.32376
55.308407
55.308412
55.308418
55.308423
55.309304

55.30931
55.309315

55.30932
55.310202
55.310207
55.310212
55.310218
55.311099

-116.000938
-115.999381
-115.997824
-115.996267
-116.001219
-115.999661
-115.998104
-115.996547
-116.001499
-115.999942
-115.998385
-115.996828

-116.20673
-116.205495

-116.20426
-116.203026
-116.207706
-116.206471
-116.205236
-116.204001
-116.208681
-116.207447
-116.206212
-116.204977
-116.209657
-116.208422
-116.207187
-116.205952
-116.242215
-116.240642
-116.239069
-116.237495
-116.242224
-116.240651
-116.239078
-116.237505
-116.242234
-116.240661
-116.239087
-116.237514
-116.242243

55.009
55.00908
55.00795
55.00803
55.00811
55.00819
55.00706
55.00714
55.00721
55.00729
55.00616
55.00624
55.00632

55.0064
55.03994
55.03949
55.03903
55.03858
55.03917
55.03871
55.03826

55.0378
55.03839
55.03794
55.03748
55.03703
55.03762
55.03716
55.03671
55.03625
55.04157
55.04087
55.04016
55.03946
55.04101
55.04031

55.0396

55.0389
55.04045
55.03975
55.03904
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-111.838
-111.84
-111.835
-111.837
-111.838
-111.84
-111.835
-111.837
-111.839
-111.84
-111.836
-111.837
-111.839
-111.84
-111.872
-111.874
-111.875
-111.876
-111.871
-111.873
-111.874
-111.875
-111.871
-111.872
-111.873
-111.875
-111.87
-111.871
-111.872
-111.874
-111.898
-111.899
-111.9
-111.901
-111.896
-111.897
-111.898
-111.899
-111.895
-111.896
-111.897
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55.21874
55.21785
55.21696
55.21607
55.21886
55.21797
55.21708
55.21619
55.21897
55.21808
55.21719

55.2163
55.21909

55.2182
55.21731
55.21642
55.22293
55.22204
55.22115
55.22026
55.22305
55.22216
55.22126
55.22037
55.22316
55.22227
55.22138
55.22049
55.22328
55.22239
55.22149

55.2206
55.21846
55.21757
55.21667
55.21578
55.21857
55.21768
55.21679

55.2159
55.21869

-113.466
-113.466
-113.466
-113.466
-113.465
-113.465
-113.464
-113.464
-113.463
-113.463
-113.463
-113.463
-113.462
-113.461
-113.461
-113.461
-113.485
-113.485
-113.485
-113.485
-113.484
-113.484
-113.483
-113.483
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-113.481

-113.48

-113.48

-113.48
-113.485
-113.485
-113.484
-113.484
-113.483
-113.483
-113.483
-113.483
-113.482
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55.311104
55.31111
55311115
55.219309
55.218492
55.217676
55.21686
55.219684
55.218868
55.218051
55.217235
55.220059
55.219243
55.218426
55.21761
55.220434
55.219618
55.218802
55.217985
55.531593
55.532369
55.533146
55.533923
55.531143
55.53192
55.532697
55.533474
55.530694
55.53147
55.532247
55.533024
55.530244
55.531021
55.531798
55.532575
55.5251
55.525983
55.526852
55.52773
55.525292
55.52617

-116.24067
-116.239097
-116.237523
-113.374413
-113.373757

-113.3731
-113.372444
-113.372985
-113.372329
-113.371673
-113.371017
-113.371557
-113.370901
-113.370245
-113.369589
-113.370129
-113.369473
-113.368817
-113.368161
-115.868004
-115.868797
-115.869589
-115.870382
-115.869374
-115.870166
-115.870959
-115.871751
-115.870743
-115.871536
-115.872329
-115.873121
-115.872113
-115.872906
-115.873698
-115.874491
-116.124727
-116.124382
-116.124051
-116.123705
-116.126275
-116.125929

- o O

S O O O O O O O O O O O O O o o o o o o o o o o o o <o o<©

—_

S O O O o o o o o

55.03834
55.03989
55.03919
55.03849
55.03778
55.02781
55.02764
55.02748
55.02731
55.02692
55.02676
55.02659
55.02643
55.02604
55.02588
55.02571
55.02555
55.02516
55.02499
55.02483
55.02467
55.01358
55.01444
55.01531
55.01617
55.01333

55.0142
55.01506
55.01593
55.01309
55.01395
55.01482
55.01568
55.01284
55.01371
55.01457
55.01544
55.19864
55.19775
55.19685
55.19595
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-111.898
-111.894
-111.895
-111.896
-111.897
-111.899

-111.9
-111.902
-111.903
-111.898

-111.9
-111.901
-111.903
-111.898

-111.9
-111.901
-111.903
-111.898
-111.899
-111.901
-111.902
-111.822
-111.822
-111.823
-111.823
-111.824
-111.824
-111.824
-111.825
-111.825
-111.825
-111.826
-111.826
-111.827
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-111.828
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-113.458
-113.458
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55.2178

55.2169
55.21601

55.2188
55.21791
55.21702
55.21613
55.21538

55.2145
55.21363
55.21276
55.21559
55.21472
55.21384
55.21297

55.2158
55.21493
55.21406
55.21318
55.21601
55.21514
55.21427

55.2134
55.25554
55.25465
55.25375
55.25285
55.25551
55.25462
55.25372
55.25282
55.25548
55.25459
55.25369
55.25279
55.25545
55.25455
55.25366
55.25276
55.28009
55.27919

-113.481
-113.481
-113.481

-113.48

-113.48

-113.48

-113.48
-113.616
-113.615
-113.615
-113.615
-113.614
-113.614
-113.613
-113.613
-113.613
-113.612
-113.612
-113.612
-113.611
-113.611

-113.61

-113.61
-113.572
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-113.572
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55.527048
55.527926
55.525488
55.526357
55.527235
55.528113
55.525675
55.526553
55.527431
55.528309
55.528195
55.528971
55.529748
55.530525
55.527745
55.528522
55.529299
55.530076
55.527296
55.528073
55.52885
55.529627
55.526846
55.527623
55.5284
55.529177
55.51896
55.519584
55.520208
55.520831
55.518315
55.518938
55.519562
55.520186
55.517669
55.518293
55.518917
55.51954
55.517024
55.517647
55.518271

-116.125599
-116.125254
-116.127807
-116.127476
-116.127131
-116.126801
-116.129354
-116.129025
-116.128679

-116.12835
-115.856304
-115.857096
-115.857888
-115.858681
-115.857674
-115.858466
-115.859258

-115.86005
-115.859043
-115.859836
-115.860628

-115.86142
-115.860413
-115.861205
-115.861998

-115.86279
-115.695396
-115.696533
-115.697671
-115.698809
-115.696495
-115.697633

-115.69877
-115.699908
-115.697595
-115.698732

-115.69987
-115.701008
-115.698694
-115.699832
-115.700969
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55.19591
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55.19766
55.19677
55.19587
55.19852
55.19762
55.19673
55.19583
55.02554
55.02609
55.02663
55.02717
55.02483
55.02537
55.02591
55.02645
55.02411
55.02465

55.0252
55.02574

55.0234
55.02394
55.02448
55.02502
55.07351
55.07324
55.07296
55.07269
55.07265
55.07238
55.07211
55.07183

55.0718
55.07152
55.07125
55.07098
55.07094
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-111.911
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-111.909
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-111.912
-111.913
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-111.889

-111.89
-111.892
-111.887
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55.2783

55.2774
55.28007
55.27917
55.27827
55.27737
55.28004
55.27914
55.27824
55.27735
55.28001
55.27911
55.27822
55.27732
55.27577
55.27495
55.27412
55.27329
55.27612
55.27529
55.27446
55.27364
55.27647
55.27564
55.27481
55.27398
55.27682
55.27599
55.27516
55.27433
55.27219
55.27129
55.27039
55.26949
55.27218
55.27129
55.27039
55.26949
55.27218
55.27128
55.27038

-113.599
-113.599
-113.597
-113.597
-113.597
-113.597
-113.595
-113.595
-113.595
-113.595
-113.594
-113.594
-113.594
-113.594
-113.594
-113.593
-113.593
-113.592
-113.593
-113.592
-113.591
-113.591
-113.591
-113.591

-113.59
-113.589

-113.59
-113.589
-113.588
-113.588
-113.622
-113.622
-113.622
-113.622

-113.62

-113.62

-113.62

-113.62
-113.619
-113.619
-113.619
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55.518895
55.527852
55.528504
55.529157
55.529809
55.528468
55.529121
55.529773
55.530426
55.529084
55.529737
55.530389
55.531042
55.5297
55.530353
55.531005
55.531658
55.533238
55.534133
55.535027
55.535922
55.533311
55.534206
55.5351
55.535995
55.533384
55.534279
55.535173
55.536068
55.533458
55.534352
55.535247
55.536141
55.536437
55.537334
55.538231
55.539129
55.536416
55.537313
55.53821
55.539107

-115.702107
-115.991869
-115.990782
-115.989696

-115.98861
-115.993019
-115.991933
-115.990847

-115.98976

-115.99417
-115.993083
-115.991997
-115.990911

-115.99532
-115.994234
-115.993147
-115.992061
-115.993878
-115.993749

-115.99362
-115.993491
-115.995456
-115.995327
-115.995198
-115.995069
-115.997033
-115.996904
-115.996775
-115.996646

-115.99861
-115.998481
-115.998352
-115.998223
-115.902219
-115.902257
-115.902294
-115.902332
-115.903802
-115.903839
-115.903877
-115.903914
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55.07067
55.0704
55.07012
55.083
55.08295
55.0829
55.08285
55.08211
55.08205
55.082
55.08195
55.08121
55.08116
55.08111
55.08105
55.08031
55.08026
55.08021
55.08016
55.07907
55.07829
55.07751
55.07673
55.07862
55.07784
55.07706
55.07629
55.07817
55.07739
55.07662
55.07584
55.07772
55.07695
55.07617
55.07539
55.08323
55.08245
55.08167
55.08089
55.08278
55.082

81

-111.888
-111.89
-111.891
-111.797
-111.798
-111.8
-111.801
-111.797
-111.798
-111.8
-111.801
-111.796
-111.798
-111.8
-111.801
-111.796
-111.798
-111.799
-111.801
-111.878
-111.879
-111.879
-111.88
-111.877
-111.877
-111.878
-111.879
-111.875
-111.876
-111.877
-111.878
-111.874
-111.875
-111.875
-111.876
-111.872
-111.873
-111.874
-111.874
-111.871
-111.871
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55.26949
55.27218
55.27128
55.27038
55.26948
55.27346
55.27257
55.27168
55.27078
55.27337
55.27247
55.27158
55.27069
55.27327
55.27238
55.27149
55.27059
55.27318
55.27228
55.27139

55.2705
55.25889
55.25824
55.25758
55.25693
55.25951
55.25885

55.2582
55.25755
55.26012
55.25947
55.25881
55.25816
55.26074
55.26008
55.25943
55.25878
55.28138
55.28048
55.27959
55.27869

-113.619
-113.617
-113.617
-113.617
-113.617
-113.492
-113.492
-113.492
-113.492
-113.49
-113.491
-113.491
-113.491
-113.489
-113.489
-113.489
-113.489
-113.487
-113.487
-113.488
-113.488
-113.607
-113.606
-113.604
-113.603
-113.605
-113.604
-113.603
-113.602
-113.604
-113.603
-113.602
-113.601
-113.603
-113.602
-113.601
-113.6
-113.62
-113.62
-113.62
-113.619
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55.536394
55.537292
55.538189
55.539086
55.536373

55.53727
55.538168
55.539065
55.530562
55.531458
55.532353
55.533248
55.530497
55.531392
55.532288
55.533183
55.530432
55.531327
55.532223
55.533118
55.530367
55.531262
55.532157
55.533053
55.545622
55.546517
55.547412
55.548307
55.545556
55.546451
55.547346
55.548242

55.54549
55.546386
55.547281
55.548176
55.545425

55.54632
55.547215

55.54811
55.209293

-115.905384
-115.905421
-115.905459
-115.905496
-115.906966
-115.907004
-115.907041
-115.907079
-115.576759
-115.576874
-115.576989
-115.577104
-115.578338
-115.578453
-115.578568
-115.578683
-115.579916
-115.580031
-115.580146
-115.580261
-115.581495

-115.58161
-115.581725

-115.58184
-115.605483
-115.605598
-115.605714

-115.60583
-115.607062
-115.607177
-115.607293
-115.607409
-115.608641
-115.608756
-115.608872
-115.608988

-115.61022
-115.610335
-115.610451
-115.610567
-113.399637
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55.08122
55.08044
55.08233
55.08155
55.08078
55.08
55.08188
55.08111
55.08033
55.07955
55.0752
55.07466
55.07413
55.0736
55.07448
55.07394
55.07341
55.07287
55.07375
55.07322
55.07269
55.07215
55.07303
55.0725
55.07196
55.07143
55.06126
55.06099
55.06071
55.06044
55.0604
55.06013
55.05986
55.05959
55.05955
55.05927
55.059
55.05873
55.05869
55.05842
55.05815

82

-111.872
-111.873
-111.869

-111.87
-111.871
-111.872
-111.868
-111.869
-111.869

-111.87
-111.863
-111.864
-111.865
-111.867
-111.862
-111.863
-111.864
-111.866
-111.861
-111.862
-111.864
-111.865

-111.86
-111.861
-111.863
-111.864

-111.78
-111.782
-111.783
-111.785

-111.78
-111.781
-111.783
-111.784
-111.779
-111.781
-111.782
-111.784
-111.779

-111.78
-111.782
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55.28143
55.28053
55.27963
55.27873
55.28147
55.28057
55.27968
55.27878
55.28152
55.28062
55.27972
55.27882
55.27576
55.27486
55.27396
55.27306
55.27574
55.27484
55.27394
55.27304
55.27572
55.27482
55.27392
55.27302
55.2757
55.2748
55.2739
55.273
55.28171
55.28081
55.27991
55.27902
55.28172
55.28082
55.27992
55.27902
55.28172
55.28082
55.27992
55.27903
55.28173

-113.618
-113.618
-113.618
-113.618
-113.617
-113.616
-113.616
-113.616
-113.615
-113.615
-113.615
-113.615
-113.636
-113.636
-113.636
-113.636
-113.634
-113.634
-113.634
-113.634
-113.633
-113.633
-113.633
-113.633
-113.631
-113.631
-113.631
-113.631
-113.647
-113.647
-113.647
-113.647
-113.646
-113.646
-113.646
-113.646
-113.644
-113.644
-113.644
-113.644
-113.643
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55.208617
55.207941
55.207265
55.209885
55.209209
55.208533
55.207857
55.210476
55.2098
55.209124
55.208449
55.211068
55.210392
55.209716
55.20904
55.524699
55.525212
55.525724
55.526236
55.523962
55.524475
55.524987
55.525499
55.523225
55.523738
55.52425
55.524762
55.522488
55.523
55.523513
55.524025
55.555341
55.556237
55.557134
55.558031
55.555297
55.556194
55.55709
55.557987
55.555254
55.55615

-113.398602
-113.397567
-113.396532
-113.398455

-113.39742
-113.396385

-113.39535
-113.397273
-113.396238
-113.395203
-113.394168
-113.396091
-113.395056
-113.394021
-113.392986
-115.901106
-115.902405
-115.903705
-115.905004
-115.902009
-115.903308
-115.904607
-115.905907
-115.902912
-115.904211

-115.90551
-115.906809
-115.903814
-115.905114
-115.906413
-115.907712
-115.608161
-115.608238
-115.608315
-115.608391
-115.609743

-115.60982
-115.609896
-115.609973
-115.611324
-115.611401
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55.05787
55.07991

55.0791
55.07829
55.07748
55.07953
55.07872

55.0779
55.07709
55.07914
55.07833
55.07752
55.07671
55.07876
55.07795
55.07714
55.07632
55.03532
55.03622
55.03711
55.03801
55.03525
55.03614
55.03704
55.03793
55.03517
55.03607
55.03696
55.03786

55.0351
55.03599
55.03689
55.03778
55.04182
55.04253
55.04324
55.04395
55.04237
55.04308
55.04379

55.0445

83

-111.783
-111.859
-111.859

-111.86
-111.861
-111.857
-111.858
-111.858
-111.859
-111.856
-111.856
-111.857
-111.858
-111.854
-111.855
-111.856
-111.856
-111.915
-111.915
-111.915
-111.915
-111.916
-111.917
-111.917
-111.917
-111.918
-111.918
-111.918
-111.918

-111.92

-111.92

-111.92

-111.92
-111.947
-111.946
-111.945
-111.944
-111.949
-111.948
-111.947
-111.946
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55.28083
55.27993
55.27903
55.25136
55.25048
55.2496
55.24872
55.25118
55.2503
55.24942
55.24854
55.25101
55.25012
55.24924
55.24836
55.25083
55.24995
55.24907
55.24819
55.246
55.24512
55.24423
55.24335
55.24617
55.24529
55.24441
55.24353
55.24635
55.24547
55.24458
55.2437
55.24652
55.24564
55.24476
55.24388
55.26231
55.26141
55.26051
55.25961
55.26229
55.2614

-113.643
-113.643
-113.643
-113.551
-113.552
-113.552
-113.552

-113.55

-113.55
-113.551
-113.551
-113.548
-113.549
-113.549
-113.549
-113.547
-113.547
-113.547
-113.548
-113.554
-113.554
-113.553
-113.553
-113.552
-113.552
-113.552
-113.552
-113.551
-113.551

-113.55

-113.55
-113.549
-113.549
-113.549
-113.548
-113.447
-113.447
-113.447
-113.447
-113.445
-113.445
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55.557047
55.557944
55.55521
55.556107
55.557003
55.5579
55.517941
55.518838
55.519734
55.52063
55.517989
55.518886
55.519782
55.520678
55.518037
55.518934
55.51983
55.520726
55.518085
55.518981
55.519878
55.520774
55.538125
55.53902
55.539915
55.54081
55.538059
55.538954
55.53985
55.540745
55.537993
55.538889
55.539784
55.540679
55.537928
55.538823
55.539718
55.540614
55.54136
55.542113
55.542866

-115.611478
-115.611555
-115.612906
-115.612983

-115.61306
-115.613137
-115.639801
-115.639717
-115.639632
-115.639548
-115.641381
-115.641297
-115.641212
-115.641128
-115.642961
-115.642877
-115.642792
-115.642708
-115.644541
-115.644456
-115.644372
-115.644288
-115.605844

-115.60596
-115.606076
-115.606191
-115.607423
-115.607539
-115.607654

-115.60777
-115.609002
-115.609117
-115.609233
-115.609349

-115.61058
-115.610696
-115.610812
-115.610928
-115.639076
-115.638214
-115.637352
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55.04291
55.04362
55.04434
55.04505
55.04346
55.04417
55.04488

55.0456

55.0348
55.03527
55.03575
55.03623
55.03556
55.03604
55.03651
55.03699
55.03632

55.0368
55.03727
55.03775
55.03708
55.03756
55.03803
55.03851
55.03541
55.03589
55.03636
55.03684
55.03617
55.03665
55.03712

55.0376
55.03693
55.03741
55.03789
55.03836

55.0377
55.03817
55.03865
55.03912
55.02954

84

-111.95
-111.949
-111.948
-111.947
-111.951

-111.95
-111.949
-111.948
-111.935
-111.934
-111.933
-111.931
-111.936
-111.935
-111.933
-111.932
-111.937
-111.936
-111.934
-111.933
-111.938
-111.936
-111.935
-111.934
-111.927
-111.926
-111.925
-111.923
-111.928
-111.927
-111.925
-111.924
-111.929
-111.927
-111.926
-111.925

-111.93
-111.928
-111.927
-111.926
-111.905

55.2605
55.2596
55.26228
55.26139
55.26049
55.25959
55.26227
55.26137
55.26048
55.25958
55.28026
55.27936
55.27846
55.27756
55.28025
55.27935
55.27845
55.27755
55.28024
55.27934
55.27844
55.27755
55.28023
55.27933
55.27844
55.27754
55.28087
55.27997
55.27907
55.27817
55.28088
55.27998
55.27908
55.27818
55.28089
55.27999
55.27909
55.27819
55.2809
55.28
55.2791

-113.445
-113.445
-113.443
-113.444
-113.444
-113.444
-113.442
-113.442
-113.442
-113.442
-113.587
-113.587
-113.587
-113.587
-113.585
-113.585
-113.585
-113.585
-113.583
-113.583
-113.583
-113.584
-113.582
-113.582
-113.582
-113.582
-113.461
-113.461
-113.461
-113.461
-113.459
-113.459
-113.459
-113.459
-113.458
-113.458
-113.458
-113.458
-113.456
-113.456
-113.456
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55.543619
55.541849
55.542602
55.543355
55.544107
55.542337

55.54309
55.543843
55.544596
55.542826
55.543579
55.544332
55.545085
55.541871
55.542767
55.543662
55.544557
55.541806
55.542701
55.543596
55.544492

55.54174
55.542636
55.543531
55.544426
55.541675

55.54257
55.543465
55.544361
55.557977
55.558874
55.559771
55.560667
55.557934
55.558831
55.559727
55.560624
55.557891
55.558787
55.559684
55.560581

-115.63649
-115.640404
-115.639542

-115.63868
-115.637818
-115.641732

-115.64087
-115.640008
-115.639146

-115.64306
-115.642198
-115.641336
-115.640474

-115.59883
-115.598946
-115.599061
-115.599177
-115.600409
-115.600525

-115.60064
-115.600756
-115.601988
-115.602104
-115.602219
-115.602335
-115.603567
-115.603682
-115.603798
-115.603914
-115.587371
-115.587447
-115.587523

-115.5876
-115.588953
-115.589029
-115.589105
-115.589182
-115.590535
-115.590611
-115.590687
-115.590764
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55.02968
55.02983
55.02997
55.03043
55.03057
55.03071
55.03085
55.03132
55.03146

55.0316
55.03174

55.0322
55.03235
55.03249
55.03263
55.06094
55.06077
55.06061
55.06044
55.06182
55.06165
55.06149
55.06132

55.0627
55.06254
55.06237
55.06221
55.06358
55.06342
55.06325
55.06309

55.0054
55.00614
55.00687
55.00761
55.00489
55.00562
55.00636

55.0071
55.00437
55.00511

85

-111.904
-111.902
-111.901
-111.906
-111.904
-111.903
-111.901
-111.906
-111.904
-111.903
-111.901
-111.906
-111.905
-111.903
-111.902
-111.831
-111.83
-111.828
-111.827
-111.831
-111.83
-111.828
-111.827
-111.831
-111.829
-111.828
-111.826
-111.831
-111.829
-111.827
-111.826
-111.797
-111.797
-111.798
-111.799
-111.798
-111.799
-111.8
-111.801
-111.799
-111.8
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55.27821
55.2465
55.2456
55.2447

55.24381

55.24645

55.24555

55.24465

55.24376
55.2464
55.2455

55.24461

55.24371

55.24635

55.24545

55.24456

55.24366

55.25524

55.25434

55.25344

55.25254

55.25521

55.25432

55.25342

55.25252

55.25519

55.25429

55.25339

55.25249

55.25516

55.25426

55.25337

55.25247

55.24444

55.24355

55.24266

55.24177

55.24457

55.24368

55.24279
55.2419

-113.456
-113.452
-113.452
-113.452
-113.452
-113.451
-113.451
-113.451
-113.451
-113.449
-113.449
-113.449
-113.449
-113.448
-113.448
-113.448
-113.448
-113.547
-113.547
-113.547
-113.547
-113.545
-113.545
-113.545
-113.545
-113.543
-113.543
-113.544
-113.544
-113.542
-113.542
-113.542
-113.542

-113.47

-113.47
-113.469
-113.469
-113.468
-113.468
-113.468
-113.468
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55.557848
55.558744
55.559641
55.560537
55.532588
55.533484
55.534379
55.535274
55.532523
55.533418
55.534314
55.535209
55.532458
55.533353
55.534248
55.535143
55.532392
55.533288
55.534183
55.535078
55.54244
55.543336
55.544233
55.54513
55.542397
55.543293
55.54419
55.545086
55.542353
55.54325
55.544147
55.545043
55.54231
55.543207
55.544103
55.545
55.276871
55.276095
55.275319
55.274543
55.276419

-115.592116
-115.592193
-115.592269
-115.592346
-115.586686
-115.586801
-115.586917
-115.587032
-115.588265

-115.58838
-115.588495

-115.58861
-115.589843
-115.589958
-115.590074
-115.590189
-115.591422
-115.591537
-115.591652
-115.591768
-115.579588
-115.579664

-115.57974
-115.579816
-115.581169
-115.581245
-115.581322
-115.581398
-115.582751
-115.582827
-115.582903
-115.582979
-115.584332
-115.584408
-115.584484

-115.58456
-113.447017
-113.447809
-113.448601
-113.449394
-113.445657
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55.00585
55.00658
55.00386
55.0046
55.00533
55.00607
55.085
55.08467
55.08433
55.08399
55.08584
55.0855
55.08516
55.08482
55.08667
55.08633
55.08599
55.08566
55.0875
55.08716
55.08683
55.08649
55.05748
55.05668
55.05588
55.05508
55.05789
55.05709
55.05629
55.05549
55.0583
55.0575
55.0567
55.05591
55.05871
55.05791
55.05711
55.05632
55.03485
55.03407
55.03329

86

-111.801
-111.802
-111.8
-111.801
-111.802
-111.803
-111.805
-111.804
-111.802
-111.801
-111.805
-111.803
-111.802
-111.8
-111.804
-111.803
-111.801
-111.8
-111.803
-111.802
-111.801
-111.799
-111.791
-111.79
-111.789
-111.789
-111.79
-111.789
-111.788
-111.787
-111.788
-111.787
-111.787
-111.786
-111.787
-111.786
-111.785
-111.785
-111.866
-111.867
-111.867
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55.24469

55.2438
55.24291
55.24202
55.24482
55.24393
55.24304
55.24215
55.26706
55.26616
55.26527
55.26437
55.26707
55.26618
55.26528
55.26438
55.26709
55.26619
55.26529
55.26439

55.2671

55.2662

55.2653
55.26441
55.25677
55.25599
55.25522
55.25444
55.25722
55.25645
55.25567

55.2549
55.25768

55.2569
55.25613
55.25535
55.25813
55.25735
55.25658

55.2558
55.23719

-113.467
-113.467
-113.466
-113.466
-113.465
-113.465
-113.465
-113.465
-113.454
-113.454
-113.454
-113.454
-113.452
-113.452
-113.452
-113.452
-113.451
-113.451
-113.451
-113.451
-113.449
-113.449
-113.449
-113.449
-113.556
-113.555
-113.554
-113.553
-113.554
-113.554
-113.553
-113.552
-113.553
-113.552
-113.551
-113.551
-113.552
-113.551

-113.55
-113.549
-113.538
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55.275643
55.274866
55.27409
55.275966
55.27519
55.274414
55.273638
55.275514
55.274738
55.273962
55.273185
55.571496
55.572392
55.573289
55.574185
55.571452
55.572349
55.573245
55.574142
55.571409
55.572306
55.573202
55.574099
55.571366
55.572262
55.573159
55.574055
55.565049
55.565946
55.566842
55.567739
55.565006
55.565903
55.5668
55.567696
55.564964
55.56586
55.566757
55.567654
55.564921
55.565818

-113.446449
-113.447242
-113.448034
-113.444297
-113.44509
-113.445883
-113.446675
-113.442938
-113.443731
-113.444523
-113.445316
-115.591953
-115.592029
-115.592106
-115.592182
-115.593535
-115.593612
-115.593688
-115.593765
-115.595118
-115.595194
-115.595271
-115.595347
-115.5967
-115.596777
-115.596853
-115.59693
-115.545479
-115.545554
-115.545629
-115.545705
-115.547061
-115.547136
-115.547212
-115.547287
-115.548643
-115.548719
-115.548794
-115.548869
-115.550225
-115.550301
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55.03251

55.0344
55.03362
55.03284
55.03207
55.03395
55.03318

55.0324
55.03162
55.03351
55.03273
55.03195
55.03117
55.04473
55.04383
55.04294
55.04204
55.04465
55.04376
55.04286
55.04197
55.04457
55.04368
55.04278
55.04189

55.0445

55.0436
55.04271
55.04181
54.99089
54.99035
54.98981
54.98926
54.99017
54.98963
54.98909
54.98855
54.98945
54.98891
54.98837
54.98783

87

-111.868
-111.865
-111.865
-111.866
-111.867
-111.863
-111.864
-111.865
-111.865
-111.862
-111.863
-111.863
-111.864
-111.869
-111.869
-111.869
-111.869
-111.867
-111.867
-111.868
-111.868
-111.866
-111.866
-111.866
-111.866
-111.864
-111.864
-111.864
-111.865
-111.839

-111.84
-111.841
-111.842
-111.838
-111.839

-111.84
-111.841
-111.837
-111.838
-111.839

-111.84

S O O O OO O O 0O 0 O O O O 0O O O O O O O 0O 0O 0O O 00O 0 o0 o0 o0 o0 o0 0o o0 o o <o 9o oo o o©

55.23631
55.23543
55.23455
55.23701
55.23613
55.23525
55.23437
55.23683
55.23595
55.23507
55.23419
55.23665
55.23577
55.23489
55.23401
55.23052
55.22963
55.22874
55.22785
55.23065
55.22976
55.22887
55.22798
55.23078
55.22989
55.229
55.22811
55.2309
55.23001
55.22913
55.22824
55.26789
55.26715
55.2664
55.26565
55.26739
55.26665
55.2659
55.26515
55.2669
55.26615

-113.538
-113.538
-113.539
-113.536
-113.536
-113.537
-113.537
-113.535
-113.535
-113.535
-113.536
-113.533
-113.533
-113.534
-113.534
-113.524
-113.523
-113.523
-113.523
-113.522
-113.522
-113.522
-113.521

-113.52

-113.52

-113.52

-113.52
-113.519
-113.519
-113.518
-113.518
-113.468
-113.469
-113.469

-113.47
-113.466
-113.467
-113.468
-113.469
-113.465
-113.466
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55.566714
55.567611
55.205873
55.204975
55.204078

55.20318
55.205847
55.204949
55.204051
55.203153

55.20582
55.204922
55.204024
55.203126
55.205793
55.204895
55.203997
55.203099
55.534252
55.534807
55.535362
55.535917
55.534957
55.535512
55.536067
55.536622
55.535662
55.536217
55.536773
55.537328
55.536367
55.536923
55.537478
55.538033
55.534763
55.535318
55.535873
55.536428
55.535469
55.536024
55.536579

-115.550376
-115.550452

-113.43685
-113.436897
-113.436944
-113.436991

-113.43528
-113.435327
-113.435374

-113.43542

-113.43371
-113.433757
-113.433804

-113.43385

-113.43214
-113.432186
-113.432233

-113.43228
-115.647777
-115.646533
-115.645289
-115.644046
-115.648756
-115.647512
-115.646268
-115.645024
-115.649735
-115.648491
-115.647247
-115.646003
-115.650714

-115.64947
-115.648226
-115.646982
-115.634823
-115.633579
-115.632335
-115.631091
-115.635802
-115.634558
-115.633314
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54.98874

54.9882
54.98765
54.98711
54.99277
54.99193
54.99109
54.99025
54.99246
54.99161
54.99077
54.98993
54.99214

54.9913
54.99046
54.98962
54.99182
54.99098
54.99014

54.9893
55.21543
55.21454
55.21364
55.21275
55.21533
55.21444
55.21355
55.21265
55.21524
55.21434
55.21345
55.21256
55.21514
55.21425
55.21335
55.21246
54.99759
54.99716
54.99674
54.99632
54.99679

88

-111.836
-111.837
-111.838
-111.839
-111.857
-111.858
-111.858
-111.859
-111.856
-111.856
-111.857
-111.857
-111.854
-111.855
-111.855
-111.856
-111.853
-111.853
-111.854
-111.854
-113.427
-113.427
-113.427
-113.427
-113.425
-113.425
-113.425
-113.426
-113.424
-113.424
-113.424
-113.424
-113.422
-113.422
-113.422
-113.422
-111.868
-111.869

-111.87
-111.872
-111.867
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55.2654
55.26465
55.2664
55.26565
55.2649
55.26416
55.24174
55.24085
55.23995
55.23906
55.24183
55.24094
55.24004
55.23915
55.24192
55.24102
55.24013
55.23923
55.242
55.24111
55.24022
55.23932
55.24369
55.24285
55.24202
55.24118
55.24402
55.24318
55.24235
55.24151
55.24435
55.24352
55.24268
55.24185
55.24468
55.24385
55.24301
55.24218
55.26042
55.25952
55.25862

-113.467
-113.468
-113.464
-113.465
-113.466
-113.466
-113.463
-113.463
-113.462
-113.462
-113.461
-113.461
-113.461
-113.461

-113.46

-113.46
-113.459
-113.459
-113.458
-113.458
-113.458
-113.458
-113.427
-113.427
-113.426
-113.426
-113.426
-113.425
-113.425
-113.424
-113.425
-113.424
-113.423
-113.423
-113.423
-113.423
-113.422
-113.421
-113.455
-113.455
-113.455
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55.537134
55.536174
55.536729
55.537284
55.537839
55.536879
55.537435

55.53799
55.538545
55.188857
55.187959
55.187061
55.186162
55.188847
55.187949

55.18705
55.186152
55.188837
55.187938

55.18704
55.186142
55.188826
55.187928

55.18703
55.186131
55.528846
55.529401
55.529956
55.530511
55.529551
55.530106
55.530661
55.531216
55.530257
55.530812
55.531367
55.531922
55.530962
55.531517
55.532072
55.532627

-115.63207

-115.63678
-115.635537
-115.634293
-115.633049
-115.637759
-115.636515
-115.635271
-115.634027
-113.388922

-113.38894
-113.388957
-113.388975
-113.387352
-113.387369
-113.387387
-113.387405
-113.385781
-113.385799
-113.385817
-113.385835
-113.384211
-113.384229
-113.384247
-113.384265
-115.636571
-115.635328
-115.634084

-115.63284

-115.63755
-115.636306
-115.635062
-115.633819
-115.638528
-115.637285
-115.636041
-115.634797
-115.639507
-115.638263

-115.63702
-115.635776
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54.99637
54.99595
54.99553

54.996
54.99558
54.99516
54.99473
54.99521
54.99479
54.99436
54.99394
55.00231
55.00154
55.00078
55.00001
55.00184
55.00108
55.00031
54.99954
55.00138
55.00061
54.99984
54.99908
55.00091
55.00014
54.99938
54.99861
55.05212
55.05122
55.05033
55.04943
55.05208
55.05118
55.05028
55.04939
55.05203
55.05113
55.05024
55.04934
55.05199
55.05109

89

-111.868

-111.87
-111.871
-111.866
-111.868
-111.869

-111.87
-111.865
-111.867
-111.868

-111.87
-111.863
-111.864
-111.865
-111.866
-111.862
-111.863
-111.864
-111.864
-111.861
-111.861
-111.862
-111.863
-111.859

-111.86
-111.861
-111.862
-111.901
-111.901
-111.901
-111.901
-111.899
-111.899
-111.899
-111.899
-111.897
-111.897
-111.898
-111.898
-111.896
-111.896
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55.25772
55.26043
55.25953
55.25863
55.25774
55.26044
55.25955
55.25865
55.25775
55.26046
55.25956
55.25866
55.25776
55.28253
55.28171

55.2809
55.28009
55.28214
55.28133
55.28052

55.2797
55.28176
55.28095
55.28013
55.27932
55.28138
55.28057
55.27975
55.27894
55.28103
55.28014
55.27924
55.27834
55.28104
55.28015
55.27925
55.27835
55.28105
55.28016
55.27926
55.27836

-113.455
-113.454
-113.454
-113.454
-113.454
-113.452
-113.452
-113.452
-113.452
-113.451
-113.451
-113.451
-113.451
-113.477
-113.478
-113.479
-113.479
-113.476
-113.477
-113.477
-113.478
-113.475
-113.475
-113.476
-113.477
-113.473
-113.474
-113.474
-113.475
-113.448
-113.448
-113.448
-113.448
-113.447
-113.447
-113.447
-113.447
-113.445
-113.445
-113.445
-113.445
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55.524753
55.525308
55.525863
55.526418
55.525458
55.526013
55.526568
55.527124
55.526163
55.526718
55.527274
55.527829
55.526868
55.527424
55.527979
55.528534
55.529267
55.529822
55.530377
55.530932
55.529973
55.530528
55.531083
55.531638
55.530678
55.531233
55.531788
55.532343
55.531384
55.531939
55.532494
55.533049
55.524
55.524555
55.52511
55.525665
55.524706
55.525261
55.525815
55.52637
55.525411

-115.654517
-115.653274

-115.65203
-115.650787
-115.655496
-115.654252
-115.653009
-115.651766
-115.656475
-115.655231
-115.653988
-115.652745
-115.657453

-115.65621
-115.654967
-115.653723
-115.626804

-115.62556
-115.624317
-115.623073
-115.627783
-115.626539
-115.625295
-115.624051
-115.628761
-115.627517
-115.626273

-115.62503

-115.62974
-115.628496
-115.627252
-115.626008

-115.61207
-115.610826
-115.609582
-115.608338
-115.613048
-115.611804

-115.61056
-115.609316
-115.614026
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55.05019

55.0493
55.04815
55.04765
55.04716
55.04666

55.0474

55.0469
55.04641
55.04591
55.04665
55.04616
55.04566
55.04516

55.0459
55.04541
55.04491
55.04442
55.05393
55.05305
55.05217
55.05129
55.05411
55.05323
55.05236
55.05148

55.0543
55.05342
55.05254
55.05166
55.05448
55.05361
55.05273
55.05185
55.05591
55.05555

55.0552
55.05484
55.05673
55.05638
55.05602

90

-111.896
-111.896
-111.892
-111.894
-111.895
-111.896
-111.891
-111.893
-111.894
-111.895
-111.891
-111.892
-111.893
-111.894

-111.89
-111.891
-111.892
-111.894
-111.761
-111.761
-111.761

-111.76

-111.76

-111.76
-111.759
-111.759
-111.758
-111.758
-111.758
-111.757
-111.757
-111.757
-111.756
-111.756

-111.77
-111.769
-111.767
-111.766
-111.769
-111.768
-111.767
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55.28107
55.28017
55.27927
55.27837
55.28392
55.28302
55.28213
55.28123
55.28393
55.28304
55.28214
55.28124
55.28394
55.28305
55.28215
55.28125
55.28395
55.28306
55.28216
55.28126
55.19219
55.19137
55.19054
55.18972
55.19183
55.19101
55.19018
55.18936
55.19147
55.19065
55.18983
55.189
55.19111
55.19029
55.18947
55.18864
55.2671
55.2663
55.26551
55.26471
55.26668

-113.444
-113.444
-113.444
-113.444
-113.468
-113.468
-113.468
-113.468
-113.466
-113.466
-113.466
-113.466
-113.465
-113.465
-113.465
-113.465
-113.463
-113.463
-113.463
-113.463
-113.335
-113.336
-113.337
-113.337
-113.334
-113.335
-113.335
-113.336
-113.332
-113.333
-113.334
-113.334
-113.331
-113.332
-113.332
-113.333
-113.495
-113.496
-113.497
-113.497
-113.494
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55.525966
55.526521
55.527076
55.526117
55.526672
55.527227
55.527782

55.19182
55.191218
55.190616
55.190014
55.191154
55.190552
55.189949
55.189347
55.190487
55.189885
55.189283
55.188681

55.18982
55.189218
55.188616
55.188014
55.185003
55.184104
55.183206
55.182308
55.185002
55.184104
55.183205
55.182307
55.185002
55.184103
55.183205
55.182306
55.185001
55.184103
55.183204
55.182306
55.199196
55.198298

-115.612782
-115.611538
-115.610294
-115.615004
-115.613761
-115.612517
-115.611273
-113.406464
-113.407629
-113.408794
-113.40996
-113.405411
-113.406576
-113.407742
-113.408907
-113.404359
-113.405524
-113.406689
-113.407854
-113.403306
-113.404471
-113.405637
-113.406802
-113.401896
-113.401898
-113.401899
-113.4019
-113.400326
-113.400328
-113.400329
-113.40033
-113.398756
-113.398757
-113.398759
-113.39876
-113.397186
-113.397187
-113.397189
-113.39719
-113.428686
-113.428642
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55.05566
55.05756
55.0572
55.05684
55.05649
55.05838
55.05802
55.05767
55.05731
55.05303
55.05238
55.05172
55.05107
55.05242
55.05176
55.05111
55.05045
55.05181
55.05115
55.05049
55.04984
55.05119
55.05054
55.04988
55.04922
55.07444
55.07416
55.07389
55.07362
55.07529
55.07502
55.07475
55.07447
55.07615
55.07587
55.0756
55.07533
55.077
55.07673
55.07646
55.07618
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-111.765
-111.769
-111.767
-111.766
-111.764
-111.768
-111.767
-111.765
-111.764
-111.875
-111.876
-111.877
-111.879
-111.874
-111.875
-111.876
-111.877
-111.873
-111.874
-111.875
-111.876
-111.872
-111.873
-111.874
-111.875
-111.693
-111.692

-111.69
-111.689
-111.693
-111.691

-111.69
-111.688
-111.692
-111.691
-111.689
-111.688
-111.692

-111.69
-111.689
-111.687
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55.26589
55.26509

55.2643
55.26627
55.26547
55.26468
55.26388
55.26585
55.26505
55.26426
55.26346
55.52966
55.53034
55.53101
55.53169
55.53025
55.53093

55.5316
55.53228
55.53084
55.53152
55.53219
55.53287
55.53143
55.53211
55.53278
55.53346
55.17866
55.17796
55.17725
55.17655

55.1781
55.17739
55.17669
55.17599
55.17754
55.17683
55.17613
55.17543
55.17698
55.17627

-113.494
-113.495
-113.496
-113.492
-113.493
-113.494
-113.494
-113.491
-113.492
-113.492
-113.493
-116.107
-116.106
-116.105
-116.104
-116.108
-116.107
-116.106
-116.105
-116.109
-116.108
-116.107
-116.106

-116.11
-116.109
-116.108
-116.107

-113.33
-113.331
-113.332
-113.333
-113.328
-113.329

-113.33
-113.331
-113.327
-113.328
-113.329

-113.33
-113.326
-113.327
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55.1974
55.196502
55.199221
55.198323
55.197425
55.196527
55.199247
55.198349
55.197451
55.196553
55.199272
55.198374
55.197476
55.196578
55.036643
55.037538
55.038433
55.039328
55.036569
55.037464
55.038359
55.039254
55.036494
55.037389
55.038284
55.039179

55.03642
55.037315

55.03821
55.039105
55.055683
55.054822
55.053961
55.053101
55.055426
55.054565
55.053705
55.052844
55.055169
55.054309
55.053448

-113.428598
-113.428554
-113.427116
-113.427072
-113.427028
-113.426984
-113.425547
-113.425502
-113.425458
-113.425414
-113.423977
-113.423932
-113.423888
-113.423844
-111.905093
-111.905223
-111.905353
-111.905483
-111.906652
-111.906781
-111.906911
-111.907041

-111.90821

-111.90834

-111.90847
-111.908599
-111.909768
-111.909898
-111.910028
-111.910158

-111.90657
-111.907017
-111.907464
-111.907912
-111.905071
-111.905518
-111.905965
-111.906412
-111.903572
-111.904019
-111.904466

55.2266

55.2257

55.2248
55.22391

55.2266

55.2257
55.22481
55.22391

55.2266
55.22571
55.22481
55.22391

55.2266
55.22571
55.22481
55.22391
55.06473
55.06446
55.06418
55.06391
55.06558
55.06531
55.06504
55.06476
55.06644
55.06617
55.06589
55.06562
55.06729
55.06702
55.06675
55.06648
55.06609
55.06582
55.06555
55.06527
55.06695
55.06667

55.0664
55.06613

55.0678
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-113.416
-113.416
-113.416
-113.416
-113.414
-113.414
-113.414
-113.414
-113.413
-113.413
-113.413
-113.413
-113.411
-113.411
-113.411
-113.411
-111.662
-111.661
-111.659
-111.658
-111.662

-111.66
-111.659
-111.657
-111.661

-111.66
-111.658
-111.657
-111.661
-111.659
-111.658
-111.656
-111.674
-111.672
-111.671
-111.669
-111.673
-111.672

-111.67
-111.669
-111.673
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55.17557
55.17487
55.19932
55.19848
55.19763
55.19679
55.19902
55.19817
55.19733
55.19648
55.19871
55.19787
55.19702
55.19618
55.19841
55.19756
55.19672
55.19587
55.53383
55.53388
55.53393
55.53398
55.53473
55.53478
55.53482
55.53487
55.53562
55.53567
55.53572
55.53577
55.53652
55.53657
55.53662
55.53667
55.20241
55.20201
55.20161
55.20121
55.20322
55.20281
55.20241

-113.328
-113.329
-113.351
-113.352
-113.352
-113.353
-113.349

-113.35
-113.351
-113.351
-113.348
-113.349
-113.349

-113.35
-113.347
-113.347
-113.348
-113.348
-116.065
-116.063
-116.062

-116.06
-116.065
-116.063
-116.062

-116.06
-116.065
-116.064
-116.062

-116.06
-116.065
-116.064
-116.062

-116.06
-113.387
-113.386
-113.385
-113.383
-113.387
-113.385
-113.384
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55.052587 -111.904913 0 55.06753 -111.671 0 55.20201 -113.382
55.054912 -111.902073 1 55.06726 -111.67 0 55.20402 -113.386
55.054052 -111.90252 0 55.06698 -111.668 0 55.20362 -113.385
55.203218 -113.38311 0 55.20482 -113.385 0 55.20402 -113.382
55.202817 -113.381704 0 55.20442 -113.384 0 55.20362 -113.381

Appendix 11. Distribution of survey blocks (17.3 ha, n=132) by percent post-harvest stands and
number of years since harvesting on survey blocks in three study areas (Lesser Slave Lake,

Calling Lake, and Lac La Biche).

Percent post-harvest stands on survey block

0-25% 26-50% 51-75% 75-100%
LESSER SLAVE LAKE
0-10 years 2 3 8 7
11-30 years 1 6 4 2
Unharvested 2 - - -
Total 5 9 12 9
CALLING LAKE
0-10 years - 1 1 2
11-30 years 2 4 25 13
Unharvested 4 - - -
Total 6 5 26 15
LAC LA BICHE
0-10 years - 3 4 1
11-30 years 3 11 5 -
Unharvested 18 - - -
Total 21 14 9 1
ALL STUDY AREAS
0-10 years 2 6 13 10
11-30 years 6 21 32 15
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Unharvested 24 - - _

Total 32 27 45 25

Appendix 12. Distribution of survey blocks (17.3 ha, n=132) by percent post-harvest stands on
survey block, study area (Lesser Slave Lake, Calling Lake, and Lac La Biche), and whether
survey blocks included riparian buffers, isolated forest fragments, or a portion of one or more

contiguous unharvested stands expanding into the survey block.

Percent harvested on survey block

0-25% | 26-50% | 51-75% | 76-100%

LESSER SLAVE LAKE

Fragment - 1 6 6
Buffer - 1 2 -
Contiguous stand 3 7 5 3
Total 5 9 12 9
CALLING LAKE

Fragment - 1 8 9
Buffer 1 2 8 3
Contiguous stand 1 3 8 3
Total 6 5 26 15

LAC LA BICHE

Fragment - - - -
Buffer 3 14 9 1
Contiguous stand 3 - - -
Total 20 14 8 1
ALL STUDY AREAS

Total Fragments 0 2 14 15
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Total Buffers 4 17 19 4
Total Contiguous Stands | 7 10 13 6
Total Unharvested Stands | 21 - - -
Grand total 32 29 46 25

Appendix 13. List of forestry-related stand metrics used to generate predictions for: A) Density

of males (17.3 ha survey blocks; n=132); B) 2" order use (used/unused; n=2,112); C) 3" order

use (in 24 male home ranges; n=3,147) D) Reproductive activity (i.e. pairing success and

probability of fledging > 1 young) for territorial male Canada Warblers in managed forests in

northern Alberta.
Model Presence/amount post- Age of post-harvest Edge Presence/size of
set harvest stands stands unharvested
fragment
DENSITY CUTS3: % post-harvest YEAR: represents the area- | CWED: represents a PATCH represents
stands on survey block weighted average year of measure of whether there is an
harvest on the survey block | fragmentation-the isolated unharvested
contrast weighted edge | fragment in the
density (unharvested: cutblock (1=fragment,
harvested edge) on the | 0= no fragment),
survey block CWED
2ND ORDER USE IFCUT represents whether a YEAR represents the origin DISTEDGE represents | PATCH represents the
station is in post-harvest (1) or | year of the stand in which the distance (m) to the | area(m?2) of the
not (0) the station is located nearest edge (post- unharvested patch a
(harvest year for post- harvest to unharvested) | station is located in
harvest stands and stand
origin for unharvested
stands)
3Rb ORDER USE IFCUT represents whether a YEAR represents the origin DISTEDGE represents | PATCH represents the
grid cell is in post-harvest (1) year of the stand in which the distance (m) to the area(m?2) of the
or not (0), the grid cell is located nearest post-harvest- unharvested fragment a
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(harvest year for post-
harvest stands and stand
origin for unharvested

stands)

unharvested edge,

grid cell is located in,

REPRODUCTIVE

ACTIVITY

IFCUT represents whether a
station or grid cell is in post-
harvest (1) or not (0)
PROPCUT is the proportion of
home range that overlaps post-
harvest, NUMPTSCUT is the
number of use locations within
post-harvest stands in the home

range

YEARCUT represents the
origin year of the stand in

which the station is located

DISTEDGE represents
the distance (m) to the
nearest post-harvest-
unharvested edge
EDGEINHR is the
length of post-harvest-
unhavested edge in a

home range

PATCH represents the
area(m2) of the
unharvested patch a

station is located in,
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